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Arastirma Makalesi

OZET
Makale Tarihgesi: Glintimiizde konum belirlemede geriden kestirme ydntemi, uydu teknolojisinin
gggz;‘t’;}l‘élzz;]éykm 22%22% gelismesiyle pek kullanilmasa da, uydularin sinyallerinin alinamadig1 yerlerde,
Online Yayl.nlanma: 2 Mart 2021 klasik geriden kestirme yontemini kullanmak gerekebilir. Olgme bilgisi

literatiirinde geriden kestirme noktasinin koordinatinin hesaplanmasiyla ilgili
Collins, Kaestner ve Cassini yontemlerinde, kestirme noktasinda 6lgiilen agilarin
X 100¢dan kii¢iik durumlar1 dikkate almmistir. Kestirme noktasinda 6lgiilen agilar
Konum belirleme ; . < . . .. . .
Geriden kestirme yéntemleri 1008 dan biiyiik oldugunda geriden kestirmede hesap yoOntemlerinden Collins
Collins yéntemi yontemiyle kestirme noktasinin koordinat hesabinda, giicliikler ortaya
ctkmaktadir. Yani kestirme noktasinda, bakilan nirengi noktalar1 arsinda dl¢iilen
acilar 1009’dan biiyiik oldugunda, problemin Collins yonteminin klasik haliyle
¢oziilemeyecegi anlagilmistir. Problemin ¢dziimii igin literatiirde bir kaynakta bu
konuya yer verildigi, ancak ¢6ziimiin Onerecegimiz yontemden farkli oldugu
goriilmiistiir. Bu caligmada, literatiirdeki kaynakta belirtilen ¢6ziim yontemi ile
tarafimizca Onerilen yontem agiklanacaktir. Calismada, konuyla ilgili uygulamalar
yapilmig ve elde edilen bulgular ve kanaatler belirtilmistir.

Anahtar Kelimeler:

An Investigation of Large Angles From 100° Measured at The Resection Point in The Collins Method

Research Article ABSTRACT

Article History: Today, although the resection method is not used much with the development of
ii‘éi;)"t‘zg; Z %eggebngf%ggzo satellite technology, it may be necessary to use the classical resection method
Published online: 2 March 2021 where the signals of the satellites cannot be received. In the measurement

information literature, in the methods of Collin, Kaestner and Cassini related to the
calculation of the coordinate of the resection point, the states of the angles

K ds: . . .

pgmgaizg measured at the resection point less than 1008 has been taken into account. When
Resection methods the angles measured at the resection point are greater than 1009, difficulties arise in
Collins method the coordinate calculation of the resection point by the Collins method, which is

one of the calculation methods. In other words, when the angles measured between
the triangulation points at the resection point are greater than 1009, it is understood
that the problem cannot be solved in the classical way of the Collins method. For
the solution of the problem, it has been observed that this issue was included in a
source in the literature, but the solution was different from the method we would
recommend. In this study, the solution method specified in the literature and the
method suggested by us will be explained. In the study, applications on the subject
were made and the findings and opinions were stated.
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1. Giris

Yeryiiziinde konum belirlemede uygulanan
yontemlerden geriden kestirme yontemi, uydu
teknolojisinin geligsmesiyle pek kullanilmasa da,
uydularin  sinyallerinin  almamadig1r yerlerde,
geriden  kestirme  ydnteminin  kullanilmasi
gerekebilir.  Haritacilikta ~ konum  belirleme
calismalart gecmiste 15. yiizyilda baslamistir.
Konuyla ilgili bircok arastirmacilar tarafindan
geriden  kestirme  noktasinin  koordinatinin
hesaplanmasiyla ilgili bircok ydntemler ortaya
cikmistir. Bunlardan biri de 1671 yilinda Collins
adli haritacinin ismine izafen Tiirk¢e Kollin olarak
adlandirilan yontemdir.

Olgme bilgisi literatiiriinde geriden kestirme
noktasinin koordinatinin elde edilmesiyle ilgili
olarak gerek Collins yonteminde gerekse diger
Kaestner ve Cassini yontemlerinde, kestirme
noktasindaki 1009°dan kiigtik agilarin kullanildigi
goriilmistiir. Kestirme noktasinda olgiilen agilar
1009dan biiyiik oldugunda; geriden kestirmede
hesap  yontemlerinden Collins  yontemiyle
kestirme  noktasinin  koordinat  hesabinda,
giicliikler ortaya ¢ikmaktadir. Soyle ki, kestirme
noktasinda oOlgiilen agilar 1009°dan  biiyiik
oldugunda, problemin, Collins ydnteminin klasik
haliyle ¢6ziilemeyecegi anlagilmustir.

Problemin  ¢oziimii i¢in  Olgme  Bilgisi
literatiiriinde [1-9] sadece bir kaynakta [10] bu
konuya yer verildigi, ancak  ¢Oziimiin,
Onerecegimiz yontemden farkl oldugu
gorilmiistiir.

Bu calismada, literatiirdeki kaynakta belirtilen
¢Oziim yontemi ile tarafimizca Onerilen yontem
aciklanmis ve konuyla ilgili uygulamalar yapilmis
ve elde edilen bulgular ve kanaatler belirtilmistir.

2. Kestirmede Noktasinda Olciilen 100°dan
Biiyiik Acilarin, Q Yardimc1 Noktasinin
Konumuna Etkisi

P geriden kestirme noktasindan koordinati bilinen
A, B ve C noktalarina teodolitle jeodezik amagcla
gozlem  yapildigin varsayalim. Bakilan
dogrultular arasinda 6lgiilen o, B agilar1 100%dan
biiyiikse, bu agilarla klasik Collins yontemiyle P
geriden kestirme noktasinin koordinatini bulmak
giiclesir. Soyle ki a ve B agilar1 1009’dan kiigiik
oldugunda, P, A ve C noktalarindan gecen Collins
dairesinde (Sekil 1), AQ ve CQ kenar

uzunluklarini, (AQ) ve (CQ) semt agilarint elde
etmek icin, AQC iiggeninde AC taban acilardan
yararlanilir.

Sekil 1. a ve B agilar1 1009°dan kiiciik oldugunda, P, A
ve C noktalarindan gecen Collins dairesinin durumu.

Sekil 1’de Collins dairesinde AQC ii¢geninde,
‘Ayni yay1 goren cevre acilar birbirine esittir’
analitik geometri prensibine gore; AQ ile AC
dogrultular1 arasindaki agi,  agisina; CQ ile CA
dogrultular1 arasindaki ag1 ise o agisina esittir. A
ve C’nin koordinatlarindan yararlanilarak (AC)
semt acist ve AC kenar1 asagidaki bagintilardan
elde edilir.

(Ac:):arctan(ifﬁ) )

AC=y/(AY; + DX3.) )

Bundan sonra AQC iiggeninde siniis bagintisindan
AQ ve CQ kenarlar1 asagidaki bagintilardan elde
edilir.

_ACx*sina

AQ=arp) )
_ACx*sinf
CQ_sin(a+,B) ()

(AQ) ve (CQ) semt acilan ise asagidaki
bagintilardan elde edilir.

(AQ)=(AC)-B (5)
(CQ)=(CA)+a (6)



A ve C noktalarindan Q noktasinin koordinati,
asagidaki bagintilarindan elde edilir.

Yo=YatAQ*sin(AQ), Xo=Xa+tAQ*cos(AQ) (7)
Yo=Y c+CQ*sin(CQ), Xo=Xc+CQ*cos(CQ) (8)

Sekil 2°de goriilecegi lizere P noktasinda A, B ve
C noktalar1 arasinda olgiilen o ve [ acilari
1009’dan biiyiik oldugunda, A, P ve C’den gecen
Collins dairesinde ¢izilen ACQ {iggeninde A
noktasindaki B1 agisi Bf’ya ve C noktasindaki o1
acist o’ya esit olmamaktadir. Bu durumda;
yukarida belirtildigi sekilde AQ ve CQ kenar
uzunluklarinin, (AQ) ve (CQ) semt acilarinin elde
edilmesinde, dogrudan Olciilen acilarin
kullanilmasi miimkiin olmamaktadir.

Sekil 2. P noktasinda A, B ve C noktalar1 arasinda
Olciilen a ve § agilar1 1009’dan biiyiik oldugunda
Collins dairesinin durumu

3. Q Yardimca Noktasimin ve P Noktasiin
Koordinat Hesabinda Onerilen Yontem

Sekil 2’de A, P ve C ‘den gecen Collins
dairesinde B noktasi daire disginda kalmaktadir.
BP’nin daire icinde kalan cizgisi ile PA ve PC
dogrultulart arasindaki w ve ¢ agilari, asagidaki
bagntilardan elde edilir.

B1=200-B )
01=200-a (20)

Collins ¢emberi igindeki ACQ ii¢geninde ‘ayni
yay1 goren ¢evre acilar birbirine esittir’ analitik
geometri kuralina gore; A kosesindeki agi P
acisina ve C kosesindeki ac1 o agisina esit olur.
Belirtilen bu agilarla hesaplanan (AC) semt acis1
ve AC kenartyla, yukaridaki formiillerde

belirtildigi sekilde islem yapilarak, Q noktasinin
koordinati hesaplanir. Q ve B’nin
koordinatlarindan yararlanilarak (QB) semt agisi
asagidaki bagintidan elde edilir.

(QB)=arctan(%) (11)

Q noktasinda QA ile QB ve QB ile QC
dogrultular1 arasindaki ¢ ve y acilari, asagidaki
bagintilardan elde edilir.

¢=(QB)-(QA) (12)

y=(QC)-(QB) (13)
“Aymi yay1 géren ¢evre agilar birbirine esittir”
analitik geometri prensibine gore, Collins
dairesinde APC tiiggeninde A noktasinda AP ile
AC dogrultulart arasindaki a¢i, y agisina ve C
noktasinda CA ile CP dogrultular arasindaki ac1,
¢ acisma esit olur. Bu durumda APC {iggeninde
AP CP kenarlan ile (AP) ve (CP) semt agilari,
asagidaki bagintilardan elde edilir.

_ ACx*sing
~sin (a;+f1)
(14)
_ ACxsiny
“sin (a1 +B1) (15)
(AP)=(AC)-y (16)
(CP)=(CA)+o @an

Bu islemlerden sonra P’nin koordinatlari,
asagidaki bagintilardan elde edilir.

Y=Y a+AP*Sin(AP)  Xp=Xa+AP*cos(AP) (18)
Yp=Yc+CP*sin(CP)  Xp=Xc+CP*cos(CP) (19)

P’nin koordinat1 P, A ve C’den gecen Collins
dairesiyle elde edildigi gibi, A, P, B noktalarindan
gecen ve B, P, C noktalarindan gecen Collins
daireleriyle de elde edilebilir (Sekil 3).



Qs
Sekil 3. P noktasinin koordinatlarinin degisik Collins
dairelerinden elde edilmesi

Eger A, P ve B noktalarindan gegen Collins
dairesi dikkate alimirsa, bu durumda C noktasi
disarda kalir, CP’nin daireyi kestigi nokta Qc
yardimc1 noktasi olarak alimir. Eger B, P ve C
noktalarindan gegen Collins dairesi dikkate
almirsa, bu durumda A noktast digsarda Kkalir,
AP’nin daireyi kestigi nokta Qa yardimci noktasi
olarak almir. Olusan Collins dairelerinde Qc
yardimci1 noktasinin koordinatint hesaplamak i¢in
AQcB tliggeninde 0y, o3 acilarina ihtiya¢ vardir ve
Qa yardimci noktasinin koordinatini hesaplamak
icin CQaB i¢geninde P2, Pz acilarina ihtiyag
vardir. Sekil 3 e gore bu acilar, asagidaki
esitliklerden elde edilir.

a:=200-a (20)
B:1=200-B (21)
02=200-(o1+f1) (22)
Bs=02 (23)
o3=01 (24)
B2=P1 (25)

Yukarida belirtilen agilar bulunduktan sonra arzu
edilen secenek icin, Qg Orneginde oldugu gibi
hareket edilerek, 6nce yardimci noktanin sonra da
P noktasiin koordinatlar1 hesaplanir.

4. 1918 Tarihli Kaynakta Belirtilen Hesap
Yontemi

P Geriden kestirme noktasindan A, C ve B
noktalarina bakilarak 100%¢dan biyiik B ve o
acilan Olgiildiigli varsayilirsa, B, P ve A’dan
gecirilen dairede C noktasi disarda kalir. CP
¢izgisinin devaminin daireyi kestigi nokta C
olarak igaretlenir (Sekil 4).

Sekil 4. C noktasinin disarda kaldigi Collins dairesi

Sekil 4’de A, B ve C noktalarinin
koordinatlarindan yararlanilarak; a=BC, b=CA,
c=AB kenar uzunluklari hesaplanir. BC’, AC’
kenarlari, BC’A {iggeninde ¢ kenar1 ile B ve A
koselerindeki agilardan (A kdsesindeki ag1
o’=200-a, B kosesindeki a¢1  B’=200-p)
yararlanilarak asagidaki bagintilardan elde edilir

_ cxsina/
~sin (a’+p’)
(26)
. cxsinfs
sin (o’ +B") 27)
A kosesindeki as acisi, CBA li¢geninde ii¢ kenar
bilindiginden asagidaki bagintidan elde edilir.

ar=arccos((b?+c2-a2)/2hc) (28)
CC’A tiggeninde A kosesindeki a1, o’+ay olur.

Bu iiggende CC’ kenar1 ve C kosesindeki n agisi,
asagidaki bagintilardan elde edilir.

CC=4/(AC"? + b% — 2b * AC" x cos (a’ + a;)) (29)

. AC'ssin (a’+ al)
n=arcsin(————
ccr

) (30)

CPA iiggeninde A kosesindeki ay agisi ile CP ve
AP kenarlar1, agagidaki bagintidan elde edilir.

a2=200-(p+n) (€2))]
_bxsina;

- sinf3 (32)
_bxsinn

A== (33)



(CP), (AP) semt agilar1 ise asagidaki esitliklerden
elde edilir.

(CP)=(CA)7 (34)
(AP)=(AC)+atz (35)

A ve C noktalarindan P noktasinin koordinati
asagidaki esitliklerden elde edilir.

Y=Y a+AP*sin(AP) Xp=Xa+AP*Cc0S(AP)  (36)
Yp=Yc+CP*sin(CP) Xp=Xc+CP*cos(CP) (37)

P noktasinin koordinati ayrica CBC’ {iggeni ve
CBP iiggeni kullanilarak ve benzer sekilde hareket
edilerek hesaplanabilir.

5. Sayisal Uygulama

Tablo 1°de verilen, P geriden kestirme noktasinda
yapilan  ac1  Olgmelerini ve  noktalarin
koordinatlarim1  dikkate alarak; P noktasinin
koordinatin1  Collins yontemiyle hesaplayimiz
(Sekil 5).

Tablo 1. P noktasindan yapilan a¢1 6lgmeleri ve nirengi noktalarinin koordinatlari

Nokta Gozlem

Nokta No Y No Noktas Yatay Agi

A 400054,49 4503729,22 P B 0,0000
B 406030,12 4509529,88 A 119,4197
C 396233,14 4510980,99 C 227,5372

(CQe)=(CA)+ 021=2499,7057

_ ACssinaq _
AQB——Sirl (a}+ﬁ1)_7882’573 m,
CQu=—2181 3464 229 m

Sekil 5. Sayisal uygulama 6rnegi degerlerine gore
Collins dairelerinin durumu

Coziimii: Tablodaki dogrultu agilarindan a ve P
acilar1 asagidaki gibi elde edilir.
a=1199,4197, B=227,5372-119,4197=108,1175

1. Secenek: A, P ve C noktalarindan gecen
Collins dairesi i¢in B2, Ps agilant gereklidir. Bu
acilar, Sekil 5’e gore asagidaki bagmtilardan elde
edilir.

a1=200-0=809,5803, P:=227,5372-200=27,5372
AY ac=-3821,25m,
AXaAc=7251,77m

(AC)=arctan( -7 = 369,1254 grad

AC=,/(3821,25% + 7251,772)=8196,958 m,
(AQg)=(AC)- p1=3419,5882

“sin (a1 +B1)
A —YQz=Ya+AQe*sin(AQs)=393794,915 m
XQp=Xa+AQs*c0s(AQs)=4508520,115 m
C — YQz=Yc+CQe*sin(CQs)=393794,910 m
XQp=Xc+CQs*cos(CQs)=4508520,112 m

Ortalama olarak;

Y(Q5=393794,912 m, XQ5=4508520,114 m
AYe-s=12235,208 m

AXqe-8=1009,766 m
(QBB)=arctan(w) = 94,7579

1009,766
(p1=(QBB)- (QBC)=45,0522
v1=(QsA- (338):46,8303
_ ACxsinyq _
—m—5545,526 m,
_ ACxsing@q _
—m—5372,251 m
(AP)=(AC)+ ¢;=14,1776
(CP)=(CA)- y;1=122,2951
A— Yp=Ya+AP*sin(AP)=401279,302 m,
Xp=Xa+AP*cos(AP)=4509137,796 m
C— Y=Y +BP*sin(BP)=401279,298 m,
Xp=Xg+BP*cos(BP)=4509137,794 m
Yr=401279,300 m, Xp=4509137,795 m

2. Secenek: B, P ve C noktalarindan gecen Collins
dairesi i¢in a2, [2 acilann gereklidir. Bu acilar,
Sekil 5’e gore agsagidaki bagintilardan elde edilir.

o=01=809.5803, P.=200-$=919,8825
AYCB=9796,98 m,
AXcg=-1451,11m



(CB)=200-arctan( 22— ) = 109,3614

CB=,/(9796.982 + 1451.112)=9903,865 m,
(CQA)=(CB)- 0,=289,7811,

(BQa)=(BC)+ B, =401,2439-400=1,2439
CQa=—25F2 —93434.373 m,

“sin (az+B2)

BQA=%:22535,446 m

B —>YQ,4=Ys+BQa*sin(BQA)=406470,415m
XQ 4=Xg+BQa*c0s(BQa)=4532061,024 m

C — YQ4=Yc+CQa*sin(CQa)=406470,416 m
XQ4=Xc+CQa*cos(CQa)=4532061,028 m

Ortalama olarak;

YQ,=406470.416 m, XQ,=4532061,026 m
AYoaa=-6415.925 m, AXoa-a=-28331,806 m

(QaA)=200+arctan( e o) = 214,176

92=(QaA)- (QaB)=12,9337

v2=(QaC)- (QaA)=14,6035
_ CBxsing, _
ETICET) Bz)—4766,992 m,
= Btz 53799320 m

sin (ay+f5)
(BP)=(BC)- y,=294,7579,
(CP)=(CB)+ ¢,=122,2951

B— Yr=Ye&+BP*sin(BP)=401279,280 m,
Xp=Xg+BP*cos(BP)=4509137,796 m.

C— Yp=Yc+CP*sin(CP)=401279,280 m,
Xp=Xc+CP*cos(CP)=4509137,801 m

Yp=401279.280m, Xp=4509137,798 m

3. Secenek: A, P, B noktalarindan gegen Collins
dairesi i¢in a3, Ps agilart gereklidir. Bu agcilar,
Sekil 5’e gore agagidaki bagintilardan elde edilir.

(132[31:2795372, [_))3262:91,8825
AY Ag=5975,63 m,
AXa=5800,66 m

(AB)=arctan(§Z(7)§':) = 50,9458

AB=,/(5975,632 + 5800,662)=8328,014 m,
(AQc)=(AB)+03=78°4830,
(BQc)=(BA)- B3 =159,0633

AQe=—2Z+5inBs _g660,214 m,

“sin (az+pP3)

_ ABxsinaz _
BQo=; 0y 55-3656,991 m

A >YQ=Ya+AQc*sin(AQc)=408224,741 m
XQc=Xa+AQc*c0os(AQc)=4506600,859 m
B — YQ,=Ye+BQc*sin(BQc)=408224,741 m
XQ=Xe+BQc*cos(BQc)=4506600,858 m

Ortalama olarak;

Y Q-=408224,741 m, XQ-=4506600,858 m
AYqcc=-11991,601 m

AXocc=4380,132 m
(QcC)=400-arctan(*x2) = 322,2951

4380,132
\|l3=(QcC) - (QcA)=43,8121
03=(QcB)- (QcC)=36,7682
= AB*SI: 5545530 m,
sin (az+p3)
=255 4766,968 m
sin (az+p3)
(BP)=(BA)+ y5=294,7579,
(AP)=(AB)- ¢s=14,1776
A—> Yo=Y a+AP*sin(AP)=401279,303 m,
Xp=Xa+AP*c0s(AP)=4509137,800 m
B— Yp=Ye+BP*sin(BP)=401279,304 m,
Xp=Xg+BP*cos(BP)=4509137,798 m
Yp=401279,304 m, Xp=4509137,799 m

6. Sonuc Ve Oneriler

Geriden kestirme noktasinda Olglilen acilar
100¢ dan biiyiik oldugunda;

e Olusturulan secenege gore hesaba giren
nirengi  noktalarindan  yardimer  Q
noktasina olan yatay uzakliklarin ve semt
acgilarmin  hesabinda, oOlgiilen agilarin
dogrudan kullanilmasi miimkiin
olmamaktadir.

e P geriden kestirme noktasinin koordinat
hesabinda bir hata yapmamak igin,
gbzlem yapilan nirengi noktalarinin ve P
noktasinin konumlari yaklagik 6lgekte bir
krokide ¢izilmelidir.

e C(Cizilen krokiye bakilarak Q yardimci
noktasinin ~ koordinat  hesabi1  i¢in
kullanilacak agilar,  geometrik olarak
tespit edilmelidir.

e Yapilan sayisal uygulamada, li¢ ayri
secenekle hesaplanan geriden kestirme
noktasinin koordinat degerleri
incelendiginde; U¢ segenekle elde edilen
koordinatin kesin degerinin ortalama
hatasinin X degerlerinde £12,8 mm, Y
degerlerinde +2,1 mm oldugu
gOrilmiistiir.

o X degerlerinde goriilen yaklasik +1,3
cm’lik ortalama hata, kabul edilebilir
biiylikliiktedir. Yani bu hata, Collins
dairesinde olusturulacak segeneklerden
biriyle yapilacak koordinat hesabi icin
uygundur ve verilen segeneklerden biriyle
yapilacak koordinat hesab1 yeterlidir.

e Geriden kestirme noktasinin koordinatinin
Onerilen yontemle hesabinda; Onerilen
yontemin, 1918 tarihli kaynakta belirtilen



yontemden daha kolay ve kullanilan
bagintilarin daha az sayida oldugu
gorilmiistiir.

Yazar(lar)in Beyam

Arastirmacilarin katki orani beyanu:
Arastirmanin konusu ve sayisal verileri dogrudan
birinci yazar tarafindan belirlenmistir. Diger
yazarlar, arastirmanin giris, yoOntem, sayisal
uygulama, sonug¢ ve Oneriler boliimlerine esit
oranda katkida bulunmustur.

Cikar catismasi beyani: Arastirmada, yazarlarin
kendi icinde ve diger kisi/kurum/kuruslarla
herhangi bir ¢ikar ¢atigsmasi s6z konusu degildir.

Destek ve tesekkiir: Bu arastirmanin yiiriitiilmesi
siirecinde herhangi bir kurum/kurulustan destek
alinmamustir.

Kaynakca

[1] Bannister A., Raymond S., Baker R.
Surveying, 6th Edition, Longman Scientific
& Technical, Essex, England 1984; pp.219-
220.

[2] Blachut T., Chrzanowski A., Saastamoinen
J. Urban surveying and mapping, Springer-
Vrlag, New York 1979.

[3] Burtch R. Three point resection problem.
Surveying computations course notes 2007;
Jun. 14.

[4] Chaperon F., Elmiger A. Geoditische
messtechnik vermessungskunde, band 2,
4.verbesserte Auflage, Dezember, ISBN: 3-
906513-60-2, Ziirich 1996; pp. 12.20-12.22.

[5] Faig W. Advanced Surveying | (Preliminary
Copy), Department of surveying engineering
lecture notes No. 26, University of New
Brunswick, Fredericton, N.B., Canada 1972,
p. 225

[6] Ghilani CD.i Wolf PR. Elementary
Surveying an Introduction to Geomatics.
12th Edition, Upper Saddle River, New
Jersey: Pearson Prentice-Hall 2008; pp.283-
284

[7] Ingensand H. Einfiihrung in die Geoditische
Messtechnik, ISBN: 978-3-906467-92-4,
Ziirich 2011; pp. 129-130

[8] Klinkenberg H. Coordinate systems and the
three point problem, The Canadian Surveyor
1955; X11(8): 508-518.

[9] Ziemann H. Terrestrial Surveying Methods,
Proceedings of ACSM Fall Convention,
Washington, D.C. 1974; September, pp 222-
233.

[10] McCaw GT. Resection in survey, The
Geographical Journal 1918; 52(2): 105-123.



OMANIYE &) Osmaniye Korkut Ata Universitesi
¢,, Fen Bilimleri Enstitiisi Dergisi

7, Cilt 4, Say1 1, 8-16, 2021

HAINQN

£, fs.a_

& Fen Bilimleri Enstitiisii
' Dergisi

~ Osmaniye Korkut Ata Universitesi

Osmaniye Korkut Ata University
Journal of Natural and Applied Sciences
Volume 4, Issue 1, 8-16, 2021

Osmaniye Korkut Ata University
Journal of Natural and Applied
Sciences

Passion Fruit Marmalade Recipe with and without Seeds in Colombia, South America

Muhammad Farhan IQBAL?, Muhammad FARHAB?", Umar FAROOQ?, Ayesha QADRY*

University of Kassel and Hochschule Fulda, Faculty of Organic Agricultural Sciences and Ocotrophologie, International Food Business and

Consumer Studies, Germany

2Department of Pathology, Faculty of Veterinary Science, University of Agriculture Faisalabad, Pakistan
3Key Reference Laboratory of Animal Breeding and Genetics, Huazhong Agricultural University, Wuhan, China.

“Veterinary Research Institute, Lahore, Punjab, Pakistan

Ihttps://orcid.org/0000-0002-4360-6796
2https://www.orcid.org/0000-0003-2519-6268
3https://orcid.org/0000-0002-5394-4270
*https://orcid.org/0000-0003-4229-7706

*Corresponding author: farhab.dvm@gmail.com

Research Article

ABSTRACT

Article History:

Received: 1 September 2020
Accept: 25 October 2020
Published online: 2 March 2021

Keywords:
Passion fruit
Marmalade
Value addition
Colombia
Food business

Colombia is the third largest passion fruit producer of the world after Brazil and
Ecuador. The aim of this study was to make noval value added products for passion
fruit business owned by small and medium sized farms in Colombia, by developing
a product that is easy to produce by farmers. The raw Passion fruits were used as
efficient as possible to reduce waste. Two formulas are presented in this study,
Formula A with fruit juice only and Formula B with fruit pulp (juice and seeds).
Formula A lowered the efficiency of food utilization then Formula B as seeds were
wasted in this procedure but it has more consumer acceptance. Both formulas use
the rind of passion fruit as gelling material, since no pectin was added. Product was
packed in glass jars. This high-quality product, could lead to having a temporary and
later on a permanent competitive advantage.

Kolombiya ile Giiney Amerika'daki Cekirdekli ve Cekirdeksiz Marmelat Tarifi
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Katma deger
Kolombiya

Gida isi

Kolombiya, Brezilya ve Ekvador'dan sonra diinyanin en biiyiik Gigiincii ¢arkifelek
meyvesi {ireticisidir. Bu ¢aligmanin amaci, ¢iftgiler tarafindan {iretilmesi kolay bir
iriin gelistirerek Kolombiya'daki kiiciik ve orta 6lgekli giftliklerin sahip oldugu
carkifelek meyvesi isletmeleri i¢in 6zgiin katma degerli Urlinler {iretmektir.
Olgunlagmamis carkifelek meyveleri, israfi azaltmak igin olabildigince verimli
kullanildi. Bu ¢alismada iki formiil sunulmustur, sadece meyve sulu Formiil A ve
meyve 6zlii Formiil B’dir (meyve suyu ve tohumlar). Formiil A, gida kullanimimin
verimini diistirdil, daha sonra bu prosediirde tohumlar israf edildiginden Formiil B'yi
diigiirdii, ancak daha fazla tiiketici kabuliine sahiptir. Pektin eklenmedigi i¢in her iki
formiil de g¢arkifelek meyvesinin kabugunu jellestirici malzeme olarak
kullanmaktadir. Uriin cam kavanozlarda paketlenmistir. Bu yiiksek kaliteli iiriin,
gegcici ve daha sonra kalic1 bir rekabet avantaji saglayabilir.

To Cite: Igbal MF., Farhab M., Faroog U., Qadry A. Passion Fruit Marmalade Recipe with and without Seeds in Colombia, South

America. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 8-16.

1. Introduction

Colombia is the third largest passion fruit
producer of the world after Brazil and Ecuador
[1]. The Codex Alimentarius standard [2] 296, the
Colombian organism in charge of developing food

standards (ICONTEC) [3] with their standard 285
and the German standard (KonfV) [4] written by
the Ministry of Justice, defines the jam as: “the
product brought to a suitable consistency, made
from the whole fruit, pieces of fruit, the un-

8


https://orcid.org/0000-0002-5394-4270
https://orcid.org/0000-0003-4229-7706

concentrated and/or concentrated fruit pulp or
fruit puree of one or more kinds of fruit, which is
mixed with foodstuffs with sweetening properties
as defined in Section 2,2, with or without the
addition of water. It is formulated by
theconcentration of a fruit juice, mixed with a
sweetener and water. However, the addition of
water could be omitted. Jams can be kept at room
temperature before opening because of their high
content of sugar. The standards express that these
products must have a minimum of 55% of sugar
when comparing to its total weight [2-4]. In this
project, the production of jam is proposed as a
way for farmers to gain more economical
resources.

In concrete, to connect this project to reality and
after an online research, an existing project in
Colombia was found. This project was located at
the eastern part of Colombia, the Cauca Valley
and to be more specific, at the municipality of
Buga. This alliance was formed with the support
of  several organizations, mainly by
“AGROSASA” which stands for: “Asociacion
Agropecuaria Sandrana y Samaria” (Agricultural
Association Sandrana and Samaria), which by the
year 2007 has 40 beneficiaries.

The target consumers of local producers are the
local markets of the same state or the states that
are adhacent to them [5] by the change from being
just “producers” to “processers” and get involved
in marketing activities for their own products. The
“local” know-how would make it easier for them
to deal with regional markets and in the end,
international markets [5].

The aim was to develop possible solutions to
increase the added value for passion fruit
produced by small and medium sized farms in
Colombia, by developing a product that is easy to
produce by farmers. The specific objectives were:
Increasing farmers’ profit by processing the fruits,
motivating farmers to process the fruits,
promoting awareness regarding the nutrutive
values of passion fruit.

2. Materials and Methods
Raw Material Description

The fruits were used as efficient as possible to
minimize the waste. Therefore, raw passion fruits
were used completely. Two formulas are
presented below, Formula A with fruit juice only
and Formula B with fruit pulp (juice and seeds).

Both formulas use the rind of passion fruit as
gelling material, since no pectin was added.

The type of sugar that was used in this project was
sucrose [2-4]. A balanced diet should contain 55-
60% of carbohydrates and from 10-20% should
come from disaccharides such as sugar [6]. Sugar
lowers the water activity of a food product. The
amount of sugar added has to be proportional to
prevent spoiling and gel formation [7].

Pectin is a polymeric carbohydrate of high
molecular weight and is found in all plants.
Typical conditions for jam making are: pH of 2,8-
3,4 [8]. Generally, pectin is added in jam making
process. Fortunately, passion fruit contains natural
pectin in its white part of the skin (rind), so there
was no need to add artificial pectin [7].

Strategy and Product Definition

The product that was developed was a jam
without additives nor preservatives that can be
consumed by anyone from young children to
seniors. The jam will be sold in glass jars
(previously sterilized and sealed) that can contain
250 grams.

Formulations and Methods

We presented two formulas. One formula was
done at the Universidad San Francisco de Quito
(Quito, Ecuador) during a Fruits and Vegetables
Processing Lab in 2007. Passion fruit used was
the same that was found at Colombia (yellow).
The second formula was tested in an experimental
kitchen at the University of Applied Sciences in
Fulda, Germany. The fruits used for that purpose
were the ones available in the German market i.e.
purple.

Formula A

Adapted from Carvajal’s method [9], the
ingredients used to make jam are passion fruits,
sugar [2-4], water and pectin. Pectin was used to
get standardized quality, but here pectin was not
used because the rind contains a significant
amount of pectin. The first process was the pulp
separation. Fruits are processed and the results are
juice (Js) and waste (W). Juice was then processed
to be a jam with adding sugar (S) [2-4] and wet
rind (Wr) and the result was jam. Hence, based on
the total input is equal to the output, an equation
was generated as:

F+S+Wr=J+W



S Wr

W v

F —»{ Process1 » Process2 —»

|
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Figure 1. Jam process flow

With this formula, a calculation was generated to
produce 1000 kg jam with 65°Brix and 20% fruit
content based on Colombian minimal requirement
[3]. For this report, calculations are based on the
purple passion fruit specification, that is sold in
Germany with 16,5° Brix. The yield for juice was
not calculated due to the limited raw material.
Generally, passion fruit has 28,13% of juice [10].

Figure 2. Passion fruits jam making process

To produce 1 ton of jam, 710 kg of passion fruit
was needed to result 200 kg juice and 180 kg wet
rind and 620 kg sugar. Water was not directly
calculated since it was used to boil the skin.

Formula B

Formula B was developed by combining several
methods from Ali [7], Shahane [11] and Carvajal
[9]. Formulation for the passion fruit jam was
passion fruit pulp (juice and seeds) (29%), passion
fruit rind after boiled (21%) and sugar (50%) [2-
4]. All percentages were by weight. Water was not
added directly, but it was used to soften the rind.
In the following paragraphs, a complete
description of the trial is presented.

o First of all, the fruits were weighted by using
a table balance. Then, 386,73 grams fruits
were placed into a stainless steel cleaning tank
and washed using clean water.

e Fruits were then divided in halves and pulp
was removed (Figure 2). Then, pH was
checked using pH meter. The pulp’s pH was
3,47. So, there was no need to adjust the pH to

2,8-3,5. If it was necessary, lemon juice or
sodium bicarbonate would be added. This
pulp and seeds weight 221,65 gram would
make up 29% of the total ingredients.

The entire pulp was used to make use the fruit as
optimal as possible. For the trial, seeds were not
removed and resulted into an acceptable product.
However, this step can be modified according to
consumer’s acceptance.

e Then, the shells were placed into a pot and
boiled in water for 30 minutes or until the rind
was soft and translucent. The shells were
removed from the water and the rind was
scooped out from the outer skin, as can be
seen in Figure 3. It was then blended until
became a smooth puree using food processor.
This made up 21% of the total ingredients
(160,50 gram).

Figure 3. Passion fruit's shells

Regarding to pectin content, it can be said that
passion fruit has a considerable amount of it. It
was ideal to use fruits that partially ripped so the
starch was not converted into sugar yet.
Moreover, its acidity was also beneficial for the
gelling process [9].

e The pulp, rind puree, and sugar (part 1)
(191,08 grams, 25% of ingredients) were
combined together and boiled for 10
minutes. Sugar (part 2) (191,08 gram 25% of
ingredients) was then added and boiled until
set [2-4]. It was necessary to stir slowly to
prevent the jam from burning in the bottom.
The final Total Soluble Solids (TSS) content
of a jam should be 65-68%. If the final TSS
of jam was lower than 65-68% the shelf life
will be reduced. The jam will have a runny
consistency and bacteria and moulds will be
able to grow in the product [7].

e In the beginning, the Brix was 16,5°C, while
at the end, it was 70,4°C. This difference
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occurs because sugar was added and this
increased the TSS. Sugar was added in two
parts, half at the beginning and half at the
concentration stage to speed up the
evaporation stage.

Washing  Frit Boling

Separating Shells Separating
Rind
Blendin:
Weighting

Sugar (1t part)

Mixing & Sugar Addition
Boiling (2 part)

Cooling Until 80 °C
Filing Sealing Cooling
Room temp.
(Sterilized JaD Gnven Ja|)

Figure 4. Workflow for processing of marmalade of
passion fruit

This helps to avoid the pectin precipitation [9].
Water content was reduced to concentrate the fruit
by boiling the mixture as fast as possible. At the
same time since the amount of sugar was high,
temperature was not exceeded above 160°C or
caramelisation might occur. The total weight of
the jam obtained was 695,04 grams. This number
was less than the total of raw material weight.
This happened due to water evaporation and some
jam that was left sticking on the pot.

e Glass jars and lids were washed and boiled in
water for 10 minutes to sterilise them. They
were removed using tweezers and drained

upside down. Jam was then poured into jars,

leaving 0,5-1 cm head space. The head space
Figure 5. Passion fruit jam

is the distance between the product and the lid
[13]. Then, the lids were opened and closed
instantly to let the steam out and to avoid the
presence of condensed water inside the jar at
around 85°C to avoid steam formation [14]. If
there was water, moulds could grow inside the

product as the sugar concentration at the surface
of the jam is diluted. around 85 °C to avoid steam
formation [14].

e The last step was cooling. The jars were not
moved while cooling to avoid gel formation.
The gel starts to form as the temperature of
the jam decreases (about 55°C) and continues
until it was cold [7]. The jar were placed on a
table and cooled at room temperature for 12
to 24 hours. The seals were checked 12-24
hours after sealing for leaks and broken seals
by pressing-down the lid (Figure 6). If the
jars were correctly sealed, the lids will be
sucked down tight. In contrast, if sealing was
performed incorrectly, it will flex and make a
popping sound on each tip [13].

/ 4
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Figure 6. Checking seals Source: Benivia [15]

Based on the CODEX standard for jam (Codex
Stan 296-2009), the quantity of passion fruit
ingredients used as a percentage of the finished
product shall not be less than 8% in general. For
this trial, the product has 54,98% of fruit
ingredients (pulp, seeds, rind).

This product fulfils the general requirement,
which was “the end product shall be of an
appropriate gelled consistency, having normal
colour and appropriate flavour of the fruit
ingredient used in the preparation of the mixture.
It shall be free from defective materials normally
associated with fruits. Jelly and extra jelly shall be
reasonably clear or transparent” [2]. Requirements
for food additives for acid, antifoaming, colours,
preservatives and flavourings are not applied,
since this product was naturally produced.

The calculations for this report are based on the
production of 1 Ton of jam. This volume was
chosen because it is commonly the minimumally
managed by processing companies. Using the
traditional method of balancing raw materials, all
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the calculations were done. To produce 1000 kg
jam using Formula B, 500 kg passion fruit is
needed to make 290 kg pulp and 210 kg wet rind
and 500 kg sugar. The summary of the ingredients
and quantity needed to produce 1000 kg using
Formula A and B can be seen in Table 1.

Table 1. Ingredients and quantities for formula A and

Hypermarkets 5%
Business 5%

B
. Quantity (kg)
Ingredients Formula A Formula B
Pulp - 290
Juice 200 -
Sugar 620 500
Wet rind 180 210

Machinery and Equipment

The machinery and general equipment needed for
producing marmalade were from COMEK™ [16]
and is presented in Table 2. All of them are made
of stainless steel because it does not react with the
acidity of the fruit. If there is no stainless steel
equipment available, the condition of equipment
should be free of rust [7].

Table 2. Machines and equipment needed for the
production of passion fruit jam

Source: Alcaldia de Medellin [17]
Potential Clients

Target market of the product should be decided in
order to market the product at the place where the
consumers usually purchase it. Table 3 shows the
place where jams are purchased in the area of
Medellin, which will be the target market later
once the regional market was established [17].

On Table 3, convenience stores and speciality
stores have the highest percentage of sales due to
the amount of stores and they are found
everywhere. According to geographical location,
percentage of sales can be seen on Table 4.

Table 4. Percentage of sales according to geographical

area

Geographical scope Percentage sales
Metropolitan area 52%
Regional 24%
Communal 15%
Neighborhood 6%
National 3%

Machines Equipment
Balance Tank for Manual Packaging
Kettle Thermometer
Pulp Remover pH Meter

Market’s Characteristics

Market size is affected by a number of variables.
In production, it is essential to know these
variables, as they decide the survival in the
market. First, it is necessary to know how many
companies that produce the same product are
existing in market and how much the turnover is?
Then observe price, quality and market shares of
competitors. Second important variable is to
identify potential consumer, the area which
influences them need to be determined as
supermarket, food distributor, food stores,
vegetarian  shops, restaurants, hotels and
businesses. With the help of these variables
market size can be determined [17].

Table 3. Percentage of sales according to place

Place Percentage sale
Convenience stores 32%
Specialty shops 22%
Restaurants 15%
Individuals 11%
Supermarkets 10%

Source: Alcaldia de Medellin [17]

Table 4 shows that more than half of sales are
made in the metropolitan area. So once the market
in the metropolitan area is established, it is easier
to penetrate the rest of the country. Still it is
necessary to adapt to the conditions of the market
and then adjusting the strategies and sales
promotion [17].

Potential Competitors

Potential competitors always affect the entry or
exit into a new market. If the barrier on entry is
low, then there will be many companies willing to
enter the market. If there is large number of
businesses are already there, then barriers on exit
is high a strong competition exists [17].

The potential competitors are all companies that
are already in the Colombian market, selling other
jam flavours. They all sell at the major Colombian
supermarkets such as Exito and Colsubsidio. After
a colleague’s visit to these supermarkets in the
city of Bogota, some of the brands that they sell
were observed. In Colombia, only one company
offers passion fruit jam, which is positive for the
product. Generally, they produce jams from
commonly known fruits such as: strawberry,
blackberry or peach. From these companies, only
one is not Colombian, which is “Smuckers”, and
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is imported from the United States. The difference
in price from the Exito™ and the others is due to
its clear low cost strategy because it is a
supermarket’s brand. Nowadays supermarkets like
to hire companies for producing products with
their name and they sell them at low prices.
Another remark is that the differences in prices
are relatively large and even if the amount sold
per jar is the same. Probably this is due to the fact
that the investigation was done in two common
supermarkets and the way of calculating the final
price is different.

3. Results and Discussion
SWOT Analysis

Five years from now, the jam produced by the
members of the cooperative will be one of the
market leaders of the exotic fruit jams in
Colombia. Therefore, SWOT analysis was
conducted to construct a strategic planning to
reach the target. SWOT stands from Strength,
Weakness, Opportunities and Threats. Strength
and weakness are analysed internally to optimally
use the opportunities and overcome threats.

Strategies:

S-O: With secured resources and natural product
fulfilling the need of passion fruit jam in
Colombia.

Having “secured resources” means that the main
raw material, meaning passion fruit, is obtained
from the existing plantation owned by the
cooperative’s members (backward vertical
integration). This is really positive because the
problems that normally exist with suppliers do not
occur and the price is relatively stable. Moreover,
the employees, by being members of the
cooperative have an extra motivation. This cause
they do not only earn their salaries but some of the
profits. Having motivated employees is crucial for
having a good work translated into a high quality
product. In what has to do with the jam itself, the
fact that it was natural (no pectin nor additives
added) was a strength of this product and was it
was noval from the products that were already in
the market and the usable parts of the fruit are
used completely. All of these strengths are
combined with the opportunities in an already
existing market for jams and marmalades and a
promising one for passion fruit jam. Furthermore,
the cooperative was already established, which
makes it easier to launch the project.

W-O: By getting people to invest in this project
from an existing cooperative, the internal
problems can be minimized and more technical
assistance will be received.

The main weakness that this project has was the
lack of resources (money) for starting the
business. Therefore, the right strategy was to get
people to invest on it. When having the
economical issue solved, technical assistance
could be hired, not only for improving the
production process itself but for helping to have a
high quality passion fruit too. The last one was to
do with the possible affectations to the core
activity (planting the fruit), when having the
pressure from processing it. Moreover, with this
strategy, the weakness of internal problems were
also solved. This was because there were no
confrontations related to who invested more or
less amount of money. This strategy is aided by
the opportunity that exists because the cooperative
was already working. Investors are usually more
interested if there is something that is a current
reality. By implementing this strategy, all of the
other opportunities were utilized since the
production for the Colombian market is assured.

S-T: By having an innovative product and
controlled supply of raw material, consumption of
passion fruit jam will be promoted.

This strategy was based on the advantage of
having a natural product in a country in which its
flavour was not common, but there was a
consumption of other jams. It helps to reduce the
threat of other jam’s producers cause as
mentioned, it differentiates from the others
(flavour and 100% natural). Moreover, the
strength of having an assured supplying of raw
material makes it an important advantage over
other competitors, which have to struggle with
usual market problems.

W-T: By having a controlled process from “farm
to finished product” and a differentiated idea
threats from the competitors and environmental
effects will be reduced.

Basically, having a controlled process by external
people could reduce the weakness of not knowing
how to process the fruit and the threat of
environmental effects. With “external people” it is
meant someone who is a professional in the field.
On the other hand, the part of the strategy that
mentions having a differentiated idea, helps to
reduce the threat of companies that produce jams
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with commonly found flavours e.g. strawberry or
blackberry.

All the things mentioned above lead to a strategy.
According to Porter [22], there are three strategies
that can be applied on business: cost advantage,
differentiation advantage and market
segmentation. In cost leadership, the company
wins because of their low cost. They can sell
products cheaper as compared with competitive
products. They have this advantage because they
reached purchasing power of the customers more
easily. The more quantity produced, the less
costly the process is, upto some point. This is due
to low operating cost. Differentiation strategy is
typically picked when the market is competitive
or saturated. Product is differentiated from others
to serve the specific needs of customers. This
character is unique and difficult to be copied.
Usually when the product is the same as others,
image differentiation is applied. In segmentation
strategy, the product serves distinct groups with
special needs.

In this case, this jam producer was still unable to
reach it. Since it was a new established company,
it needs to gain more experience to optimize the
process. The last point here is to get raw material
in low price, which is feasible, since the
cooperative gets the raw material directly from the
farmers. In general, it is unlikely to apply cost
leadership in this new established company. It is
also not suitable to apply segmentation strategy,
since this product is meant to be consumed by
wide range of age and social class. Therefore, here
differentiation strategy is applied. This jam is
different from other jam in the market because it
has new flavor with only natural ingredients that
has good health benefits and produced regionally
with no child labour.

Demand

According to some studies made by an important
Colombian company in charge of analyzing
markets called “Raddar” [23] Consumer
Knowledge Group, nowadays, Colombians give
most of their salaries for buying food. This is
important for the appearance of projects such as
the one presented in this report, because people
have food as a priority.
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Figure 7. Marmalade market distributions according to
social classes. Source: Raddar [23]

Market Size

The marketing research company presented the
following graph (Figure 7) when analysing sales
according to the social class. It is shown that
people from the middle class are the ones who
buy the most amount of marmalade with a 79%,
followed by the lower class with only 11% and
finally the high class with slightly less, 10%. This
information shows that marmalade is probably not
affordable for people in the lower class or simply
they don’t consume it. In what has to do with
people from the high class, it can be deduced that
even though they can afford it, they do not buy it
because they choose other products instead. It is
from common knowledge that people with more
economic power and education can afford
different types of foods even imported ones such
as the American Peanut Butter or Maple Syrup.
When looking at this tendency, marketing efforts
for the passion fruit marmalade should be directed
to people from the middle class.

Demand Projection

In the future, the product will be also
commercially  throughout the  Colombia.
Therefore, it was important to know the cities
where there was the highest consumption of
marmalade. From Raddar’s study [23] (Figure 8),
it can be concluded that Medellin, one of the
biggest cities in Colombia consumes the most
amount of marmalade with 45%. In second place,
the capital Bogota with 12,6% and in the third the
cities that are not mentioned in the list with 7,7%.
Efforts should be made to introduce the
marmalade in cities such as Medellin and Bogota
due to their importance in the market distribution.
However, to being able to fulfil their demands, the
company has to be big enough because they are
cities with millions of inhabitants.
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4. Conclusion

Raw Passion Fruits are processed to give more
value to the product and at the same time, increase
the farmer’s profit from the cooperative
AROGASA. The easiest product that they could
produce from the fruit is jam, which was chosen
for this project. There were two formulations
presented in this report. One of them is using the
seeds of passion fruits (since they are edible), but
many people do not like them on their jams. That
is why another formula was presented where they
are separated and discarded. However, this lowers
the efficiency.

After analysing a previous experience from one of
the group members, it can be concluded that
international markets can be covered once the
business established and it will run well at a
regional level. It can also be exported provided
that there will be the sufficinet supply of the raw
materials. This project was a start for a regional
company that after gaining experience in the
immediate region could expand to other areas.
Therefore, it was designed to have the minimum
amount of machines and personal that could be
used in this type of process.

In this report, the cost for building facilities,
product transportation and storage are not
included. If one wants to establish the whole
production process from the beginning, these
costs should be calculated. Therefore, it could be
stated that the calculations included in the report
are only made to get the rough idea of what this
type of business implies and the potential benefits.
Moreover, when obtaining real and reliable data
from marketing research studies, analyses such as
the breakeven point should be made. Deeper
research and experiments in the field are
recommended.

It can also be stated that the product has potential
due to the popularity that jam has in the
Colombian market. Strategies such as getting
initial financial aid, a strong internal organization,
and last but not least, a high-quality product,
could lead to having a temporary competitive
advantage. Later on, if the success is maintained,
a permanent competitive advantage could be
obtained.
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Kentsel ve kirsal alanlarda, konutlarin ve kii¢iik isletmelerin kullanimina y6nelik
yenilenebilir enerji teknolojilerinden faydalanilarak elektrik enerjisi iiretilmesi
tilkelerin enerji ekonomisi ve stratejisi agisindan oldukg¢a 6nemlidir. Bu ¢aligmada,
diisiik riizgar hizlarinda verimli ¢alisabilen, kentsel ve kirsal alanlarda konutlarin
kullamimma ydnelik kiigiik kapasiteli, yatay eksenli ve akis hizlandiricili (yayic)
riizgar tlirbinlerinin tasarimi igin analitik ¢éziimleme ve modelleme yapilmistir.
Bunun i¢in 6nce rotor ¢ap1 1 m olan kiigiik bir riizgar tiirbini se¢ilmis, daha sonra
bu riizgar tirbini akis hizlandiricili olarak modellenerek performans degerleri
karsilastirilmistir. Elde edilen sonuglara ve segilen aerodinamik karakteristiklere
gore, serbest akig riizgdr hizt 10 m/s iken agik akistaki riizgar tlirbini {izerinden
elde edilen giic degeri 246,17 W iken, akis hizlandiricili riizgar tiirbini iizerinde
elde edilen gii¢ degeri 333,2 W olarak hesaplanmuistir.
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ABSTRACT

Generating electricity by using renewable energy technologies for the use of
residences and small businesses in urban and rural areas is very important for the
energy economy and strategy of countries. In this study, analytical analysis and
modeling were carried out for the design of small capacity, horizontal axis and
flow accelerator (diffuser) wind turbines that can operate efficiently at low wind
speeds and are intended for residential use in urban and rural areas. For this, first a
small wind turbine with a rotor diameter of 1 m was selected, then this wind
turbine was modeled with a flow accelerator and its performance values were
compared. According to the results and the selected aerodynamic characteristics,
the free flow wind speed was 10 m/s and the power value obtained over the open
flow wind turbine was 246,17 W, while the power value obtained on the flow
accelerator wind turbine was calculated as 333,2 W.
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1. Giris onemli  kiiresel sorunu haline  gelmistir.
Uluslararas1 Enerji Ajanst’min agiklamis oldugu
rapora gore, herhangi bir Onlem alinmadigi
takdirde, 2050 yilinda sera gazi emisyonlari iki
katina ¢ikacak ve artan petrol ihtiyaci talebi
karsilamakta yetersiz kalacaktir. Dolayisiyla, bu

kariglanmast1  ve  kiiresel = CO:

Son on yilda fosil enerji kaynaklari hizla
azalirken, hizla artan niifus ve teknolojik
gelisimler sonucu enerjiye olan talep iyice
artmistir [1-8]. Bunun yaninda, fosil enerji
kaynaklarmmin  kullanilmasiyla  sera  gazi talebin

emisyonlarmim ve buna bagh olarak kiiresel
iIsinmanin giin gegtikge artmasi glinimiiziin en

emisyonlariin azaltilmasi i¢in fosil yakitlardan
ziyade yenilenebilir enerji kaynaklarina yonelmek
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gerekmektedir [9-11]. Yenilenebilir enerji kaynagi
olarak, 2007 yilinda 1000 GW olan kiiresel kurulu
gii¢, 2018 yilinda 2378 GW degerine ulagmustir.
Yenilenebilir enerji kaynaklart arasinda 600,3 GW
kurulu giic ile riizgar enerjisi diinyada énemli bir
yere sahiptir ve kullanimi1 en ¢ok artan ve en
ekonomik yenilenebilir enerji kaynaklarindan
birisidir [12-17].

Ulkemizde, 2018 yili sonu itibariyla 7361 MW
kurulu gii¢ ile 180 adet riizgar enerji santrali
bulunmaktadir. Teorik olarak iilkemizin riizgar
enerjisi potansiyeli 83 GW mertebesinde olup AB
iilkeleri arasinda iicilincii sirada yer almaktadir.
Elektrik enerjisi iretiminde 88,55 GW olan
toplam kurulu giictimiiziin %7,91°lik kismu riizgar
enerjisinden saglanmaktadir. Ulkemiz 2023 yili
icin elektrik tiretiminde riizgar enerjisi payinin 12
GW olmasin1 hedeflemektedir. Dolayisiyla bu
hedefin su an sadece %60°likk bir kismi
gerceklesmistir ve Oniimiizdeki 4 yil igerisinde
iilkemizde yaklasik olarak 4,5 GW degerinde
rlizgar enerji santralinin kurulmasi gerekmektedir
[18]. Bu periyotta, AR-GE ¢alismalar1 yapilarak
riizgar enerjisi potansiyelinin verimli ve bilingli
bir sekilde kullanilmasi, yerli riizgar teknolojisinin
gelistirilmesi ve boylece enerjide disa bagimliligin
azaltilmasi oldukg¢a 6nemlidir.

Ulkemizde kiigiik kapasiteli ~ riizgar tiirbin
teknolojilerinin tasarimi, modellenmesi,
optimizasyonu, imalati ve elde edilecek giic ve
etkinliginin artirilmasi iizerine yapilan ¢alismalar
oldukga smirlidir. Ancak uluslararasi diizeyde
yapilan c¢aligmalar mevcuttur [19-25]. Bilindigi
gibi, riizgar tlirbininden elde edilen teorik gili¢
rotor kanat kesit alan1 ve hizin kiipl ile dogru
orantilidir. Hizin artmasiyla birlikte elde edilecek
olan riizgar giictiniin oldukga artacagi beklenen bir
sonugtur. Bir riizgr tiirbinine yayic1 (difiizor)
eklenerek rotor kanat alani iizerinden gegen hava
hizinin artirilmasit ve bdylece rotor kanatlar
iizerinden gecen hava debisinin artirilarak elde
edilecek giiclin ve verimin iyilestirilmesi {izerine
yapilan ¢alismalar oldukg¢a yayginlasmaktadir.

Bu c¢alismada, diisiikk riizgar hizlarinda verimli
caligsabilen, kentsel ve kirsal alanlarda konutlarin
kullanimina yonelik kiigiik  kapasiteli, yatay
eksenli ve difiizorlii riizgar tiirbinlerinin tasarimi
igin  analitik ¢6ziimleme ve modelleme
yapilmistir. Bunun i¢in rotor ¢capt 1 m olan agik
akis ve diflizorli akis seklinde olan iki riizgar
tiirbini diistiniilmiis ve aerodinamik
karakteristikleri elde edilerek karsilastiriimistir.

2. Analitik Coziimleme ve Modelleme

Yatay eksenli riizgér tiirbinlerinin aerodinamik

karakteristiklerin belirlenmesinde basit

momentum teorisi uygulanmaktadir. Sekil 1

standart bir riizgar tiirbini i¢in acik akistaki donen

rotor veya diskin hava ile enerji etkilesimini

gostermektedir. Sekil 2 ise, difiizorlii bir rotoru

gostermektedir. Sekillerden de goriildiigii gibi,

rlizgar tirbini gli¢ Uretimi rotor ve rlizgar

arasindaki etkilesime baglhidir. Rotor kanatlar

lizerinde bir kontrol hacmi belirlenmis ve analiz

icin agagidaki varsayimlar kullanilmigtir:

e Homojen, sikistirilamaz, siirekli bir hava
akist;

e  Siirtlinme direnci yok;

e  Sonsuz sayida kanatlar;

e Disk veya rotor kanat alan1 iizerinde {iniform
itme.

rotor diizlemi

Sekil 1. Agik akis

i

Sekil 2. Diflizorlu akig
2.1. Acik Aks Aktiiator Diski
2.1.1. Eksenel Indiiksiyon
Rotor diizlemindeki riizgar hizindaki kayip olarak
tanimlayabilecegimiz eksenel akis indiiksiyon
faktorii (a), rotor lizerinden gegen riizgar hizindaki

oransal azalma olarak tanimlanir (Sekil 3). Rotor
diizlemi boyunca hiz agagidaki gibi bulunur [26].

Vi =Vo(1-a) )
Rotor diski tlizerindeki kinetik enerjideki degisim

gdz Oniline alindiginda, c¢ikarilan gii¢ (kinetik
enerjinin degisim hiz1) P’dir:
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1 1
P =-pAcVg — - pA, V5 )
Akisin stirekliliginden (pAyVy = pA,V5) dolayt:
1
P = E,DAOVO(VOZ ) 3

esitligi elde edilir.

Vo Vi=Vo(l-a) vy
Ay A =AgAl-a) A,y

Sekil 3. A¢ik akis aktiiator disk modeli

2.1.2. Momentum

Rotor diizlemi boyunca kiitlesel debi pA4V; dir.
Akis yoniindeki rotor diizlemi boyunca hizi
degisimi (Vo - V2)’dir. Bu nedenle, rotor diizlemi
boyunca momentum degisim orani olarak rotor
kanat diizlemi tizerindeki itme kuvveti;

T =pA,Vi(Vy — V) 4)

seklinde hesaplanabilir. Elde edilen gii¢ ise
asagidaki gibi bulunur;

P=TV; =pA Vi1 -a)(Vo—V2) (5)

P = pAgVg(1 —a)(Vo = V2) (6)

Esitlik (3) ve (6)’dan akis ¢ikisindaki riizgar hizi;
V, =Vo(1 - 2a) (7

olarak bulunur. Riizgar tiirbinindeki gii¢ katsayisi
ise;

C, = P/0,5pV5 A, (8)
C, = 4a(1 — a)? ©)

seklinde tanimlanir. Gii¢ katsayisinin maksimum
degeri a=1/3 bulunur ve boylece,

Cpm =16/27 (10)
elde edilir.

2.2. Genellestirilmis Aktiiator Disk Teorisi

Ozellikle yenilik¢i riizgar tiirbini sistemleri
arasinda, daha kiiciik, daha hafif, belki de daha
hizli ve kesinlikle daha ucuz bir rotorun agik
akista biiyiik bir rotor kadar enerji ¢ikarabilecegi
diisiincesiyle akis1 artirma veya konsantre etme
kavramlarina siirekli ilgi duyulmustur. Elbette bu
faydalar, akisi artiran sistemin maliyetine gore
islem gormelidir. Genel biiyiitme araglari, rotoru
acik akisa kiyasla rotor icinden fazladan kiitle
akisin1 indiikklemeye yarayan bir kanala veya
difiizére yerlestirmektir. Yogunlagsmig bdlgeleri
yaratan girdaplart indiiklemek i¢in kanatlar veya
delta kanad1 kullanilarak daha egzotik konseptler
de goz oniine alinmustir.

Gii¢ katsayist (Cp), enerji ¢ikarma cihazinin
performansi olarak tanmimlanir ve bir kanal veya
difiizér tarafindan cihazin alan1 boyunca ilave
kiitle akist indiiklenirse Betz smir1 (Esitlik 10)
asilabilir. Kanallarda ve difiizorlerde tiirbinlerin
bir¢ok analizinde, hizlandirma faktérleri tanitilmis
ve standart olanlar disindaki C, ve C; (itme
kuvveti  katsayis1) tanimlar1  kullanilmigtir.
Asagidaki analiz, eksenel indiiksiyon, gii¢ ve itme
katsayilarinin standart tanimlarini korur.

Eksenel indiiksiyon faktorii (@), rotor diizleminde
tam olarak onceden tanimlandigi gibidir (Esitlik
1). Difiizorlii akis rotor diizleminde ise a negatif
bir deger almaktadir. Agik akista oldugu gibi, gii¢
katsayis1 ve itme Kkatsayisi, sirasiyla, asagidaki
gibi hesaplanir:

C P (11)
p—1
EPAVO3
ve
T
Ce = DA (12)

C, ve C¢'nin temel tanimlarindan, asagidaki esitlik
elde edilebilir:

P
T Vo— (13)

Bununla birlikte, rotor diizleminde uygulanan
kuvvet ve hizin bir iiriinii olarak giiclin temel
tanimini da goz ontlinde bulundurularak:

P=TV,(1—a) (14)

“=V,(1-a) (15)

2=(1-a) (16)
elde edilir.

Bir sistem, eksenel indiiksiyonun, serbest akis ve
kontrol hacmi c¢ikisi arasinda etkilendigi bolge
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olarak tanimlanir. Enerji ¢ikariminin akisa normal
bir diizlemsel alanda ve sistem icerisinde belirli
bir yerde gergeklestigi diisiiniilmektedir. f(a)
kontrol hacmi ¢ikisi eksenel indiiksiyon faktorii
olarak tamimlanmaktadir (Sekil 4). Sistemdeki
basing farkinin (Ap) oldugu bir kesit alan1 (A)
bolgesindeki herhangi bir diizlemde, enerji

cikarimu ile iliskili itme kuvveti (T) asagidaki gibi

hesaplanir:

T = ApA = pAVZAC,

Enerji iiretim diski

—= Serbest akis

)

T/ Sistem

—
Vo Viy(1—a)

—

— Po Pr| Pi-AP

—»

1 2 1 2
Pot 5 pVo =p1+5 pV; (I-ay’ |

Sekil 4. Genel akis diyagrami [26]

p—Ap +2_"p1!!2 (1-a)’ =,rJJ_fJ+2—‘F,o‘L{H2 {I-f(a)}?

Kontrol hacmi
cikisi

Vol 1-f(a)}

Po

Tablo 1. A¢ik ve diftizorlii akis1 karsilastiran sonuglarin bir 6zeti [26]

Genel operasyon

Betz acik akig Genel difuzorlo akig
Serbest akis hiz1 Vy Vo Vo
Disk riizgar hiz1  V; Vo(l —a) Vol —a)
. 1-2
Cikishiza V5 Vo (1 — 2a) Vo (ﬂ)
1 — ap
5 4(a — | —a)?
Giig katsayisi Cj, 4a (1 — a)? (a —ap) ( : a)
(I —an)”
Itme kuvveti katsayis1 Cp 4a (1 — a) ta-and — a)
(1 —ap)”
I 5 1,
Rotor izerindeki basing fark: 7P Vo Cr 7P Vo Cr
Optimum performans
Betz acik akig Genel difuzorlo akig
. 16 16
Maksimum C, — == (I —agp)
27 27
L , , 1 1 +2
Tligkili eksenel induksivon faktoru 3 3 40
Kontrol hacmi ¢ikisi eksenel indiksivon % E
faktori 3 3
_ 8 8
Niskili itme lamvwveti katsayisi 9 9
. . 4 ) 4 )
Rotor izerindeki basing fark: 4 Vo 3” Vi

(17)
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Bernoulli denkleminin enerji etkilesim diizlemine
uygulandig1 diigiintiliirse:

1 1
Po +5pVe =p1+35pV5 (1 - a)? (18)

esitligi elde edilir, ve ¢ikarma diizleminin diger
akis tarafinda;

p1—Ap +3pVE(1 — a)? = po +3pVEH(1 — F(@F (19)

esitligi elde edilir. f(a) ise asagidaki esitlikten
bulunabilir:
_ a—aop
fl@=2{ (20)
Difiizor lzerindeki kuvvet ise asagidaki gibi
bulunur:

Kanat ]
Tirbin

a)

_1 3 (—4ao(1-a)(a—ap)) _
Ty = szVO { (1-ag)? } -

—a,T (21)

Sonu¢ itibartyla, acik ve difiizérli  akisi
karsilastiran sonuclarin bir Ozeti Tablo 1’de
verilmistir.

3. Bulgular ve Tartisma

Bu galigmada, rotor ¢ap1 1 m olan yatay eksenli ii¢
kanatli bir riizgar tiirbini diisiiniilmiistiir (Sekil 5).
Bu tiirbin 6nce agik akista analiz edilmis, daha
sonra tiirbinin etrafina bir difiizor yerlestirilerek
difiizorlii  akista aerodinamik karakteristikler
hesaplanmigtir. Calisma igin segilen parametreler
Tablo 2’de verilmistir.

Difuzor

Kanat

Tirbin

b)

Sekil 5.a) Acik b) difiizorlii akista riizgar tiirbinleri

Tablo 2. Secilen parametreler

Parametre Deger
Tiirbin rotor capi, D Im
Atmosferik hava yogunlugu, p 1,225 kg/m?®

Serbest akig riizgar hizi, Vo 0-10 m/s

Eksenel akis indiiksiyon faktorii, a 0,2

Kontrol hacmi ¢ikigi akis indiiksiyon | 0,35
faktord, f(a)

Rotor diizlemi {izerindeki riizgdr hizinin serbest
akig riizgar hizina gore degisimi Sekil 6’da
gosterilmistir. Sekilden de goriildigi gibi, acik
akistaki riizgar tiirbinine gore diflizorlii akista
rotor diizlemi {izerindeki riizgar hizi oldukca
belirgin bir sekilde artmaktadir. Ornegin, serbest
akis riizgar hiz1 10 m/s oldugunda agik akigtaki
rotor diizlemi {izerindeki riizgdr hizi 8 m/s iken,
difiizorlii akista bu hiz 12 m/s olmaktadir.

Kontrol hacmi ¢ikisindaki riizgar hizinin serbest
akis rizgar hizina gore degisimi Sekil 7°de
gosterilmistir. Sekilden de goriildiigii gibi, her iki
akis icin de kontrol hacmi ¢ikisindaki riizgar hizi
serbest akis riizgar hizina gore daha diislik
olmaktadir. Ornegin, serbest akis riizgar hiz1 10
m/s iken kontrol hacmi ¢ikisindaki riizgar hizi
degerleri acik ve diflizorlii akis icin, sirasiyla, 6
m/s ve 6,5 m/s olarak hesaplanmistir.

Acik ve difiizorli akis icin riizgar tiirbinlerinden
elde edilen gii¢ katsayisi degerleri Sekil 8’de
gosterilmistir. Sekilden de gorildiigi gibi, ayni
serbest akis riizgar hiz1 icin difiizorlii akista rotor
diizlemi iizerindeki rlizgdir hizi daha biyiik
oldugundan gii¢ katsayisi1 degeri agik akisa gore
daha Dbiyiikk elde edilmistir. Agik akista
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maksimum gii¢ katsayis1 bilindigi gibi, eksenel
akis indiiksiyon faktoriiniin a=1/3 oldugu degere
karsilik gelen Betz limitine (Cpm=0,5925) esit
olmaktadir. Diger yandan difiizorlii akista, difiizor

tarafindan rotor diizlemi alan1 boyunca ilave kiitle
akis1 ile Betz siiri asilmig ve maksimum gii¢
katsayis1 degeri 0,86 olarak hesaplanmistir.

14

—a— Acik akis
12 —@— Diflizorlu akis

V, (m/s)

6 8 10

V, (M/s)
Sekil 6. Rotor diizlemi lizerindeki riizgar hizinin serbest akis riizgar hizina gore degisimi

0 2 4
14
—— Acik akis
12 —@— Diflizorli akis
10
v 8
E
= 6
4
2
0
0 2 4

6 8 10

V, (M/s)

Sekil 7. Kontrol hacmi ¢ikigindaki riizgar hizinin serbest akis riizgar hizina gore degisimi

Secilen eksenel indiiksiyon faktorlerine gore elde
edilen rotor diizlemi {lizerindeki itme kuvveti
katsayilart Sekil 9’da Kkarsilastirilmigtir. Rotor
diizlemi iizerindeki itme kuvveti katsayisi
degerleri agik ve difiizorlii akis igin, sirasiyla, 0,64
ve 0,58 olarak hesaplanmustir.

Secilen eksenel indiiksiyon faktorlerine gore elde
edilen rotor diizlemi iizerindeki basing farkinin
serbest akis riizgar hizina gore degisimi Sekil
10°da gosterilmistir. Sekilden de goriildiigii gibi,
rotor diizlemi iizerindeki basing farki aym
zamanda itme kuvveti katsayisi ile iligkili olup

serbest akis riizgadr hizimin artmasiyla birlikte
artmaktadir.

Riizgar tiirbininden elde edilen giiciin serbest akis
rlizgdr hizina gore degisimi Sekil 11°de
gosterilmistir. Sekilden de goriildigii gibi, diflizor
tarafindan rotor diizlemi alan1 boyunca ilave kiitle
akis1 nedeniyle, difiizorlii akis riizgar tiirbininden
elde edilen gii¢ degeri agik akis riizgar tiirbinine
gore daha fazladir. Ornegin, serbest akis riizgar
hizi 10 m/s iken ag¢ik akistaki riizgar tiirbini
tizerinden elde edilen gii¢ degeri 246,17 W iken,
difiizorlii akigtaki riizgar tiirbini {izerinde elde
edilen gii¢ degeri 333,2 W olmaktadir.
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Sekil 8. A¢ik ve difiizorlii akis i¢in riizgar tiirbinlerinden elde edilen gii¢ katsayisi degerleri
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Sekil 9. Rotor diizlemi iizerindeki itme kuvveti katsayilar
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Sekil 10. Rotor diizlemi iizerindeki basing farkinin serbest akis riizgar hizina gore degisimi
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Riizgar tlirbini {izerindeki itme kuvvetinin serbest
akig rlizgar hizina gore degisimi Sekil 12’de
gosterilmistir. Sekilden de goriildiigii gibi, riizgar
tiirbini {izerindeki itme kuvveti serbest akis riizgar
hizinin artmasiyla birlikte tabi ki artmaktadir. Bir
rizgar tirbini tizerinde difiizér kullanilmasi,
tiirbin performansim artirmasina ragmen ek bir

itme kuvveti olusturmaktadir. Ornegin, serbest
akis riizgar hiz1 10 m/s iken agik akistaki riizgar
tirbini lizerinden elde edilen itme kuvveti degeri
30,77 N iken, difiizorli akistaki riizgar tiirbini
iizerinde elde edilen itme kuvveti degeri 40,39 N
olmaktadir.

400
—a— Acik akis
—o— Difuzorlt akig
300
=
o 200
100
0
0 2 4 6 8 10
V, (M/s)

Sekil 11. Riizgar tlirbininden elde edilen giiciin serbest akis riizgar hizina gére degisimi

50
—a— Acik akis
—eo— Diflizorlu akis
40
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0 &
0 2 4 6 8 10

V, (m/s)

Sekil 12. Riizgar tiirbini iizerindeki itme kuvvetinin serbest akis riizgar hizina gore degisimi

4. Sonug

Ulkemizde elektrik enerjisi tiiketiminin artmastyla
birlikte, kismi ihtiyaclar1 gidermek iizere elektrik
enterkonnekte hatlarimin olmadig: yerlerde, kiigiik
isletmelerde (tarim, petrol istasyonlari ve cesitli
iiretim firmalar1) ve konut uygulamalarinda kiigiik
kapasiteli riizgar tiirbinlerine olan talebin artacagi
tahmin  edilmektedir. =~ Ayrica,  ilkemizde
yenilenebilir enerji kaynaklarina dayali lisanssiz
elektrik tiretiminde kurulu gii¢ tist sinirin 14 Mart

2013’te kabul edilen Elektrik Piyasas1 Kanunu ile
500 kW’tan 1000 kW’a yiikseltilmesi ile kiigiik
isletmelerde kiiglik kapasiteli riizgar tlirbinlerine
olan ihtiyacin daha da artmasi beklenmektedir. Bu
anlamda, diisik riizgar hizlarinda verimli
caligabilen, kentsel ve  kirsal alanlarda
konutlarda/binalarda ve kiigiik isletmelerin
kullanimina yonelik riizgar tlirbinlerinin tasarim
ve imalatinin disa bagimli olmadan iilkemiz
akademisyenler = ve  sanayiciler tarafindan
yapilmasi oldukga 6nemlidir. Bu ¢alismada, diisiik
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rlizgar hizlarinda verimli calisabilen, kentsel ve
kirsal alanlarda konutlarin kullanimina yo6nelik
kiigtik kapasiteli, yatay eksenli ve diftizorlii riizgar
tiirbinlerinin tasarimi i¢in analitik ¢éziimleme ve
modelleme yapilmistir. Bunun igin rotor ¢api 1 m
olan acik akis ve difiizorlii akis seklinde olan iki
riizgdr tiirbini  disliniilmiis ve aerodinamik
karakteristikleri elde edilerek karsilagtirilmistir.
Elde edilen sonuglar gostermistir ki, bir riizgar
tirbini izerinde difiizér kullanilmasi, tiirbin
performansini artirmasina ragmen ek bir itme
kuvveti olusturmaktadir.
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Giiniimiizde isletmeler rekabet ortamina ayak uydurabilmek i¢in maliyet, kalite,
verimlilik, degisen is kosullarin1 6nceden tahmin edebilme gibi pek ¢ok parametreye
ihtiya¢ duymaktadir. Kurumsal kaynak planlama sistemleri (ERP) muhasebe, satin
alma, proje  yoOnetimi, Ar-Ge, dig  ticaret  operasyonlari gibi  giinlik s
gereksinimlerini gerekli bilgilerle birbirine baglamaktadir. ERP sistemleri bir
isletmenin biitiin siireclerini kapsayan verileri birlestirme 6zelligi tastyor olsa da pek
cok sirket, yiiksek maliyetlere katlanarak satin aldiklar1 bu yazilimlarda
hedefledikleri basariya ulagamamaktadir. Caligmanin amaci kurumsal kaynak
planlama sistemi kullanmaya karar veren bir firma igin ¢ok kriterli karar verme
yontemlerinden TOPSIS kullanarak en uygun sistemin secilmesini saglamaktir.
Calismada literatiir ve nitel ¢alisma sonuglar birlikte degerlendirildiginde bes kriter;
sistem yeterliligi, sistem esnekligi, maliyet, egitim, satig sonrasi destek, verimli
proje yoOnetimi kriterleri ana kriterler olarak belirlenmistir. Kriterlerin 6nem
derecesinin  belirlenmesi i¢in sirket st diizey yoneticileri ile kriter
agirliklandirilmasi yapilmistir. Calisma sonunda en dnemli kriter “maliyet” olarak
belirlenmis ve isletmenin mevcut kurumsal kaynak planlama sistemleri arasinda
“ERP 3” en yiiksek puana sahip ERP sistemi olarak secilmistir.
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Today, businesses require to consider many parameters such as cost, quality,
efficiency and being able to predict the changing business conditions in order to
keep up with the competitive environment. Enterprise resource planning systems
(ERP) connect daily business requirements such as accounting, procurement,
project management, R&D (Research and Development), foreign trade operations
with the necessary information. Although ERP systems have the feature of
combining all data including all processes of an enterprise, many companies
cannot achieve the success they desire in this software that they purchase by
bearing high costs. Accordingly, the aim of the study is to select the most suitable
system for a company that decides to use an enterprise resource planning system,
by using TOPSIS, one of the multi-criteria decision making methods. When the
literature and qualitative study results were evaluated together in this study, the
criteria such as system competence, system flexibility, cost, training, after-sales
support and efficient project management criteria were determined as main
criteria. In order to determine the significance level of the criteria, a process of
criteria weighting was executed with the senior managers of the company. At the
end of the study, the most important criterion was determined as “cost” and “ERP
3” was selected as the ERP system with the highest score among the existing
enterprise resource planning systems.

To cite: Alatepeli B. Enterprise Resource Planning System Selection with Multi-Criteria Decision Making Techniques. Osmaniye
Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 27-32.
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1. Introduction

Enterprise Resource Planning (ERP) is a
commercial software package that enables
businesses to manage in a fully automated system.
In other words, ERP system is the system that
provides the information integration process
within the organization, combining relational
business tools and data through a database [1]. By
offering integrated solutions, the system ensures
effective and efficient use of resources, and at the
same time, it begins to have its place in the field
of e-commerce by developing web-based
solutions [2]. In addition to these advantages that
ERP provides to businesses, unfortunately, it is
known that the application success rate is quite
low. One of the reasons why the success ais so
low, perhaps most importantly, is the failure to
choose the appropriate system for the business
structure. At this point, system selection becomes
important for the success [3].

ERP system selection has a difficult and complex
process due to the variety of alternatives.
Considering that there are dozens of software in
the ERP software industry, it becomes important
for an enterprise to choose the right system [4].

2. Enterprise Resource Planning System
2.1. Literature

According to Kumar and Hillsgersberg, enterprise
resource planning is an information systems that
provide effective and efficient use of resources by
offering integrated solutions [5]. Rashid et al. [6]
have discussed the historical development of the
system in their studies, where they described the
change of ERP over the years. Accordingly, the
system, which started by the process of inventory
control packages in the 1960s, and in line with
material requirement planning in the 1970s,
production resource planning in the 1980s,
enterprise resource planning in the 1990s and
expanded enterprise resource planning in the
2000s.

Based on some studies in the literature, the reason
why ERP has been explained as increases
organizational effectiveness and work efficiency
[7, 8]. In his study, Teltumbde suggested a
structural framework for choosing ERP and
pointed out 10 main factors for the selection of
this software. These factors are strategic fit,
technology, change management, risk,
applicability, business functionality, wvendor

identity, flexibility, cost and benefit [9]. Haddara,
and Elragal on the other hand, described ERP
systems as software applications in the form of
modules that integrate the processes and tasks of
the organization at an organizational level [10].

2.2. Enterprise Resource Planning Criteria
Selection

ERP applications are of vital importance for
organizations. Businesses use a ERP system
regardless of their commercial and administrative
size. However, when ERP systems are evaluated
in terms of their initial costs and annual
maintenance costs, it is necessary to say that
although they will turn into financial gain in terms
of their operational contribution in the long run,
they are also likely to have a certain financial
burden [11]. Although expectations from ERP
systems are high, they do not always provide
significant organizational improvement [12].
Accordingly, many ERP projects have failed due
to budget and time limits [13] When the literature
and qualitative study results were evaluated
together, various criteria were determined for the
selection of appropriate enterprise resource
planning. These are system competence, system
flexibility, cost, training, after sales support and
efficient project management criteria.

o System flexibility; is the ability for the
system to be transformed into the process
or design as needed in a short time. The
flexibility of the system and its openness
to improvements in line with user
demands enable the user to perceive the
system easily [14].

e System adequacy; it is a factor that
illustrate whether or not the specifications
expected from the system are met [1].

e Cost; constitutes the most important item
for enterprises in the selection of a
resource planning system. The cost is that
the software can be purchased at an
affordable price or the purchased system
can gain serious cost advantage [15].

e Education; has an important place in
perceiving the system as easy. Bueno and
Salmeron [16] found that training has an
impact on perceived ease of use in their
study of ERP systems.

e Support after sale; serves as a structure
that manages many parameters from
acceptance to solution, in accordance with
the intense business tempo of companies
that provides technical support and
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service to the solution of any problem that
occurs during the use of the system [1].

e Efficient project management; includes
the use of a technology by the users, the
planning of the transition process, the
arrangement of the resources in this
direction are included in the project
management [17].

Table 1. Criteria’s and symbols

Criteria Symbols Sources
System
flexibility SF [14]
System
adequacy SA [1]
Cost C [15]
Education E [16]
Support after
sale SAS [1]
Efficient
project EPM [17]
management

3. Research Method
3.1. TOPSIS

People are faced with decision-making processes
in many times throughout their lives, and although
the decision-making process is considered easy at
the initial stage, it actually appears as a complex
process [18] Decision making is a process
consisting of certain stages, and individuals
evaluate the situation with a specific approach in
the decision-making process, consider alternatives
and their possible consequences, and finally
comes out to certain individual choices as a result
of their evaluation [19].

First introduced by Hwang and Yoon in 1981, the
TOPSIS method is an approach for dealing with
complex systems related to making a preferred
choice among several alternatives [20]. The
advantages of the TOPSIS method, which is one
of the multi-criteria decision making methods, are
briefly stated as being simple to use, considering
all kinds of criteria, being rational and
understandable, and having quite clear
calculations [21]. Therefore, the TOPSIS method,
one of the multi-criteria decision making
techniques, was used in this study for corporate
source software selection.

3.2. TOPSIS Process
In general TOPSIS process has 6 steps [21] :
Step 1: Preparing decision matrix

The decision matrix column contains column
criteria (n) and on the line as an alternative (m).

Xll Xlﬂ XlE Xl:lz
Xfl Xfl XZE XZ:I:
Xij: Xml X?J‘l: XmE X:lmz

1)

Step 2: Normalized matrix

i=1,2,........ ,m; =12, n (2

Step 3: Calculating the weighted normalized
decision matrix

yij=wirij
i=1,2,........ ,mandj=1,2,.....n 3)

Step 4: Calculating the positive and negative
ideal solution

A= 0T 2 vy

geeese  Jeeteeeeiinannan

A=O1 Y2 oy

geeene

max;y;;

F
[-1-’}' {mr’ni ¥ij
if j, benefit attribute

if j, cost attribute

_ (min,v,;;
[-1-”}' max -v}
oy (4)

Step 5: Calculating distance with ideal solution
N T
D::NI j=1 Y=g
=12....m
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Step 6: Calculating the preference value

-
VJ:DI' —D;
i=12,.......m 6)

4, Result and Discussion

As stated in this study, x business which operates
in the automotive industry, which has employees
worldwide, with significant market share in
leading economies outside Turkey such as USA,
UK, France, Germany and Italy is a company
which operates nearly in 70 countries. Using the
TOPSIS method, one of the multi-criteria decision
making techniques for the ERP software selection
problem, it is aimed to reach the useful results that
will help the decision makers. The company wants
to choose one of the available software, namely
SAP, Oracle, Logo, Microsoft Dynamics, Canias,
Bilisim and Syspro ERP, considering the criteria
that affect the software selection.

In this study, in determining the criterion weights
for the selection of ERP software, the decision
makers consisting of the managers of the
production, accounting, finance and sales
departments of the company and academicians
have weighted the criteria based on the literature.
After determining the importance level of the
criteria, ERPs were listed according to their
performance with TOPSIS method.

Table 2. Weights for the 6 criteria

SF SA C E SAS EPM

Score 7 8 9 6 7 7
W, 0,159 0,182 0,205 0,136 0,159 0,159
Direction + + - + + +

After determining the criteria and weights in
Table 2, the decision maker determines the list of
alternatives to be selected. The first step of
implementing TOPSIS in decision support
systems prepares the decision matrix.

Table 3. Decision matrix

SF SA C E SAS EPM

ERP 1 0,03 0,06 0,08 0,06 0,07 0,08
ERP 2 0,04 0,10 0,08 0,05 0,05 0,06
ERP 3 0,06 0,09 0,07 0,06 008 0,07
ERP 4 0,05 0,05 0,08 0,04 0,07 0,05

ERP 5 0,09 0,08 0,10 0,06 0,06 0,06
ERP 6 0,08 0,05 0,09 0,06 0,05 0,04

Table 4. The distances of weighted normalized matrix
with ideal solution

X 0,09 0,10 0,07 0,06 0,08 0,08

A 0,03 0,05 0,10 0,04 0,05 0,04

The positive and negative ideal solutions were
determined by taking the maximum and minimum
values for each criterion.

Table 5. Best ERP of each alternative

st Si G Ranking

Sr* 0,741 SI' 0595 CI* 045 ERP1
S 0665 S 0595 CZ 047 ERP2
S3* 0364 S3 0,729 C3* 067 ERP3
S4° 0778 S4 0372 C4 0,32 ERP4
S5 0468 S5 0,756 C5° 062 ERP5
S6° 0,758 S6 0556 C6 042 ERP6

G NN O Wb

S* shows the distance of each alternative from
positive ideal solution, illustrates the distance of
each alternative from negative ideal solution and
C* shows the best ERP of each alternative.

As a result of the ranking, the software with the
highest performance was determined as ERP 3,
followed by ERP 5 in the second and ERP 2 in the
third. Again with the same data, the ERP’s with
the lowest performance are ERP 4 and ERP 6,
respectively.

5. Conclusion and Recommendations

Recently, the development of information
technology has influenced most of companies.
Especially in today's world where competition is
intense, companies to survive requires to adapt
themselves to new technological improvements
and they must use high technologies efficiently as
well. ERP becomes crucial for companies to
manage their resources efficiently and by adapting
ERP in all managerial processes in companies
allow them to increase customer satisfaction,
reduce costs and maintain or increase market
share. At this point, it is important to choose the
right ERP software to right managerial process.

Based on the findings of the present study, system
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adequacy is an important criterion in establishing
the ERP system; therefore, before deciding right
ERP software selection, the needs of an enterprise
should be determined in the most realistic way
and the functional characteristics of ERP software
which expected to meet these needs should be
introduced clearly. In line with these needs, the
decision to choose the ERP system should be done
correctly. In future studies, it may be better to
reach different group of people for whom expert
opinions will be obtained and to increase the
number of experts. In addition, in future studies,
different criteria weighting methods and a
different criterion structure could be preferred to
reach more useful results. In addition to the
criterion weighting problem, one or more of the
selection methods can be used to evaluate the
alternatives of the ERP system.
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Excessive buffer inventory may disrupt production and constitute one of the main
problems. One of the ways of coping with the inventory problems in the mass
production lines is to achieve and implement a detailed production schedule. In
this study, a company with a mass production line in the die house station of a
white goods sector is in consideration. A mixed-integer programming model with
sequence-dependent setup times has been developed to solve the excessive work in
process problems for the dye house station. The developed model has been applied
to the company to test the model by using real data and the problem has been
solved by using the General Algebraic Modeling System (GAMS) CPLEX 24,1
solver. The optimal solution is obtained in 10 hours and 3 minutes. In the solution,
the total earliness and tardiness time for 30 jobs is 4299 minutes.
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1. Introduction

The main objective of a production system is to
meet the market demand in time. To realize this
aim, it is necessary to create production plans
considering production constraints including the
inventory, capacity of machines, maintenance
plans, workers’ productivity and continually
update production plans. Scheduling is the
problem of optimal assignment of the system
resources to apply a combination of jobs over
some time duration. The optimal resource
allocation problem leads to the optimal modeling
of the scheduling problem [1]. The production
schedule is the management and designation of
resources, events, and procedures to create goods
and services. It sets down which resources should
be used at what phase of manufacturing.
Considering the forecasts, a production schedule
should be made to make the company not to have
any resource shortage within the production
procedures. Effective scheduling enables certain
activities to be done in less time using fewer
resources. One of the difficult problems is the Job
Shop Scheduling Problem (JSSP) is a difficult
problem in which a set of n jobs to be carried out
on m machines while every job i includes of n;
procedures that should be fulfilled by using the
machines with the satisfaction of some priority
constraints. JSSP tries to obtain a suitable
sequence, which optimizes the sequence of
operations, to be processed with the related
machines  according to the  determined
performance measurements.

The Flexible Job Shop Scheduling Problem (FJSP)
is an extended version of the well-known JSSP in
which the jobs are assigned to a suitable machine
set. This makes FJISP more difficult to solve due to
both routings of the jobs and operations schedule.
Thus, FJSP is also considered NP-hard [2].

Parallel machine models are widely used in many
sectors such as casting, textile, food, printing press
sectors. There are many types of parallel machine
models. Some of these models are identical
machines in parallel, machines in parallel with
different speeds, and unrelated machines in
parallel. There are “m” identical machines in
parallel in the identical machines in the parallel
model. A job requires a single operation and may
be processed on any one of the “m” machines. On
the other hand, there are “m” different machines in
parallel in the unrelated parallel machines model.
Each machine has a different speed.

The white goods manufacturing company that we
apply the model conforms to the flexible job shop
model for its whole production. The focal points
of our study are the dye house station, which uses
identical parallel machines, and the transfer to the
press station, which uses an unrelated parallel
machine in the company. This study develops a
mixed-integer mathematical model for scheduling
the jobs in this company for parallel machines
with sequence-dependent setup times, solve the
problem with real data for the so-called white
goods company as an application, and analyze the
results.

In this study, a mixed-integer mathematical model
for scheduling the jobs in this company for
parallel machines with sequence-dependent setup
times is developed. Then, the problem with real
data for the so-called white goods company is
solved and the results are analyzed, some
suggestions are made for further studies. In the
first of this study, studies related to scheduling are
explained. In the second part, the mathematical
model is explained and the model is applied by
using real data. In the last part of the study, the
results of the study, and the suggestions for future
studies are presented.

1.1. Literature Review

Scheduling with multiple criteria is one of the
most attractive topics for researchers. When the
relevant studies on a single and parallel machine
in literature are searched, studies on parallel
machines are increasing in recent years.
Considering the literature, the scheduling
problems on parallel machines are generally
solved by using heuristic algorithms. However,
some examples exist in which mathematical
algorithms have been used in the solution of the
problems.

Baez et al. [3] developed a scheduling problem to
minimize total completion time for identical
parallel machines including dependent setup
times. They presented two time-dependent
formulations for the problem that performed much
better than a classical formulation based on a
formulation for the TSP.

Fanjul-Peyro et al. [4] modeled two integer linear
programming problems to minimize the
makespan. As the models presented are incapable
of solving medium-sized instances to optimality,
they proposed three metaheuristic strategies for
both models. The algorithms proposed are tested
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over an extensive computational experience.
Results show that the metaheuristic strategies
significantly outperform the mathematical models.
Mundim and Queiroz [5] studied on a heuristic
method including a variable neighborhood search
and a mixed-integer programming model in order
to solve the identical parallel machine scheduling
problem including sequence-dependent setup time.
They tried to minimize two objectives, which are
the makespan and the flow time.

Gedik et al. [6] focused on non-preemptive
unrelated parallel machine scheduling problems
(PMSP) with job sequence and machine-
dependent setup times. They tried to minimize the
makespan. Their study provided novel constraint
programming (CP) model with two customized
branching strategies that utilize CP’s global
constraints, interval decision variables, and
domain filtering algorithms.

Soper and Strusevich [7] also tried to minimize the
makespan. They studied the schedules with a
single preemption on uniform parallel machines.

Yepes-Borrero et al. [8] demonstrate a bi-objective
scheduling problem on parallel machines by
considering job and machine sequence-based setup
times and the required resources throughout
setups.

Kramer et al. [9] develop the scheduling problem
of parallel machines by considering family-based
setup times and minimization of the weighted total
completion time.

Chen et al. [10] consider the scheduling problem
by renewable speed-up resources. Considering the
identical machines, the resources, and the jobs, the
objective of the study is minimizing the makespan.

Ozpeynirci et al. [11] present an approach, which
includes  mixed-integer  programming  and
integrates the problems of scheduling and the
assignment of a tool, considering the parallel
machine environments.

Wan et al. [12] study the minimization problem of
the maximum total time of completion per
machine on identical and parallel machines.

Jiang et al. [13] develop a problem, which
considers preemptive scheduling and parallel
machines by a single server. It is demonstrated in
the study that the suggested algorithm can
generate optimal schedules.

Ham and Cakici [14] studied an FISP with parallel
batch  processing machines (PBM). They
developed a mixed integer programming (MIP)
model and a constraint programming (CP) model
to reduce computational time. They got the
following results: the proposed MIP model
improves the computational time significantly
compared to the original model in the literature;
also, the valid inequalities decrease the solution
time, and CP is the best of all three MIP models.

Ozgiiven et al. [15] addressed F-JSSP with the
process plan, routing flexibility with sequence-
independent set-up times (SDST), and sequence-
dependent set-up times (SIST). They tried to
minimize the makespan balance the workloads of
the machines by using a mixed-integer goal
programming model (MIGP).

Ham [16] introduced a mathematical model for
FJSP with PBM with the objective of minimizing
the maximum computational time.

Moradi et al. [17] analyze the problem of flexible
job shop by preventive maintenance operations
considering the multi-objective optimization
methods.

Ozgiiven et al. [18] consider two NP-hard
optimization problems. The first one is the flexible
job shop scheduling problems, which include
sequencing and routing sub-problems. The second
one is the flexible job shop scheduling problems
by process plan flexibility.

Fattahi and Fallahi [19] consider the problem of
the flexible job shop dynamic scheduling. The
numerical results prove the efficiency of the
suggested algorithm for the problem.

Fattahi et al. [20] discuss the scheduling problem
of the flexible job shop by a new approach
considering overlapping in tasks. The numerical
results in the study demonstrate that the suggested
approach can improve the makespan.

Saidi-Mehrabad and Fattahi [21] present a tabu
search algorithm to solve the scheduling problem
of flexible job shop to minimize the makespan.
The experimental results of the study demonstrate
that the proposed approach can generate optimal
solutions in short computational times.

Low et al. [22] use a global criterion approach,
which is a technique for multi-objective decision
making, to solve the scheduling problems of the
flexible manufacturing system. In the study,
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hybrid heuristics, which include tabu search and
simulated annealing, are suggested to solve the
considered problem. The adaptability and
feasibility of the suggested approach are analyzed
by the numerical experiments in the study.

Gomes et al. [23] suggest a novel integer linear
programming model for flexible job shop
scheduling. The suggested model considers
intermediate buffers, parallel machines, and set-up
effects. The numerical experiments show that the
suggested model in the study gives optimal results
with acceptable solution times.

Seyyedi et al. [24] addressed a multi-objective
FSSP that minimizes maximum completion time,
maximum machine workload, total machine
workload, and earliness/tardiness penalty while
satisfying various constraints. They proposed an

overall mathematical model that contains the
related constraints and assumptions for the
problem. They showed that the developed model
can be implemented in an acceptable time with
better efficiency as well as in real-life problems
which has a flexible job shop system.

Scheduling with multiple criteria is one of the
most attractive topics for researchers. When the
relevant studies on the single and parallel
machines in literature are searched, studies on
parallel machines are increasing in recent years.
Some of the studies are given in Table 1 below.
Considering the literature, the scheduling problem
on parallel machines is generally solved by
heuristic algorithms. Some examples in which the
mathematical algorithms are used in the solution
of the problems are given in Table 2 below.

Table 1. Studies related to parallel machine scheduling in the literature

Reference Problem Addressed

Objectives

Baez et al. [3]
total

Fanjul-Peyro et al. [4] Unrelated parallel

Time-dependent model to minimize the
completion time for
machine scheduling problem

machines with an

Minimize the total completion time

a parallel

Minimize the makespan

additional resource are considered

Minimize the makespan and the flow

Mundim and Queiroz [5]

Gedik et al. [6]

Soper and Strusevich [7]
Yepes-Borrero et al. [8]

Kramer et al. [9]

Chen et al. [10]
Ozpeynirci et al. [11]

Wan et al. [12]

Jiang et al. [13]

The bi-objective identical parallel machine
scheduling problem

Non-preemptive unrelated parallel
machine scheduling problem (PMSP) with
job sequence and machine-dependent setup
times

Schedules with a single preemption on
uniform parallel machines

The  bi-objective  parallel
scheduling problem

Parallel machine scheduling problem with
family dependent setup times and total
weighted completion time minimization

machine

Scheduling with renewable speed-up
resources.
Parallel machine scheduling with tool

loading

Minimizing the maximum total completion
time per machine on m parallel and
identical machines

A preemptive scheduling problem on two
parallel machines with a single server

time
Minimize the makespan

Minimize the make-span

Minimize the makespan and the number
of additional resources

Minimize the total weighted completion
time

Minimize the makespan

Minimize the makespan

total

Minimize the maximum

completion time

Minimize the makespan
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Table 2. Studies related to mathematical models for FISSP

Reference Math Models  Problem Addressed Objectives

Ham and Cakici MIP, CP FJSP Reducing computational time

[14]

Ozgiiven et al. [15] MIGP F-JSSP with process plan Minimize the Makespan

and routing flexibility Balance the
with SDST &SIST workloads of the machines

Ham [16] MIP FJSP Minimize Cmax

Demir and isleyen MIP FJSP Minimize the make-span

[2]

Moradi et al. Bi-criterion F-JSSP with preventive Make-span & minimization of

[17] MILP maintenance task system unavailability

Ozgiiven et al. [18]  MILP F-JSSP Minimize the Make-span

Fattahi and Fallahi Dynamic F-JSSP The balance between efficiency and

[19] scheduling stability of the schedules

Fattahi et al. [20] MILP F-JSSP with overlapping Minimize the make-span

in operations

Saidi-Mehrabad MILP F-JSSP with SDST Minimize the make-span

and Fattahi [21]

Low et al. [22] MILP F-JSSP with SIST Minimize the mean flow time, the
mean job tardiness, the mean machine
idle time

Gomes et al. [23] Two MILPs F-JSSP with and without Minimize the costs related to just in

recirculation time due dates, in-process inventories
and
orders not fully completed
Seyyedi et al. [24] MILP F-JSSP Minimizes maximum completion time,

machine workload, and earliness

tardiness penalty

Table 3. List of abbreviations of Table 2

Abbreviation

Meaning of abbreviation

BFI

BIV

FJSSP

MILP

MINLP

SIST

SDST

Best feasible integer

Number of integer variables

The flexible
problem

job-shop

scheduling

Mixed-integer linear programming

Mixed-integer non-linear programming

Sequence-independent set-up times

Sequence-dependent set-up times
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There are many studies in the literature aiming to
reduce the total completion time and total delay
time. However, to the best of our knowledge,
there is no mathematical programming study in
the literature to minimize the total earliness and
tardiness times. In this study, a mathematical
programming model is developed to minimize the
total earliness and tardiness times in order to
reduce the amount of inventory around the station.

In our study, there are two identical machines,
eight types of colors, and different changeover
times between changing the colors. The products
can be produced at the same time as the previous
one on each machine. Therefore, the products in
the order are can be produced after a 0,2 minutes
setup time without waiting for the completion of
previous product production. Moreover, a
classification of the product by its color is needed
to minimize the time spent on changeovers.

2. Application for Identical Parallel Machines

This process includes a conveyor that is 429-
meter-long and has 429 hangers. The conveyor’s
cycle time is 53 minutes. The number of semi-
manufactured parts can be hanged on hangers and
it is changeable according to the types of product
parts. In addition to this, the dye house has 2
cabinets and in the current situation, 8 different
colors can be used for dying, such as black, white,
silver, claret red, arc744, arc 764, stone coal,
Manhattan grey, and cataphoretic. If the color
should be changed, change over time must be
considered. Changeover times generally take 15
minutes, except for black to white paint color
changes. The black color can affect the other
colors and changeover time takes 25 minutes.

2.1. Mixed Integer Mathematical Model

A mixed-integer mathematical model with
sequence-dependent setup times has been
developed based on the purpose to solve the
excessive work in process inventory problem for
the so-called company.

2.1.1. Problem Definition

There is an N number of jobs that come to the
station at the time t=0. All the products can be
processed by both machines. Each job is
processed only once by one of these identical
machines. Each job has the same precedencies. Pj
and dj represent the processing time and the due
date for the job j. Cj represents the completion

time for job j. In the model, there are 8n3+10n2
+10n-2 constraints (n: the total number of jobs).
We simplify our complicated models by using
limited jobs that need to schedule in the dye
house.

2.1.2. Notations

Indices

i index for machines where 1<i<m
jand g: index for jobs where 1< j <n

K: Index for job’s color where 0< k <7
b: Index for order where 1<b<n

* The colors of products are white, stone coal, Arc744,
Arc764, claret red, black, Manhattan grey,
cataphoretic. To make it easy, we use k = {0, 1, 2, 3, 4,
5, 6, 7} for the colors respectively.

Sets

N: the set of jobs {1, 2, 3, 4,5, 6,7, 8,9, 10}

M: the set of machines {1, 2}

K: the set of job’s colors

O: the set of order {1, 2, 3, 4,5, 6,7, 8, 9, 10}

Parameters

n: Total number of jobs

m: Total number of machines

d;: Due date for j™ job

P: Processing time for jobs = 53 minutes

TT: Total available machine time = 430 minutes

M: A big positive number

hjq: The required setup time between j and g (0,2 if
colors of j and g job are identical, 15 if none
of the colors is black, 25 if one of the colors is
black, and M if j=q)

Rjx: 1, if the j™ job's color is k, 0 otherwise.

Decision Variables

Xijp:  Binary variable (1 if the job j in b™ order on
the machine i, 0 if any job on any machine)

Yjqp:  Binary variable (1 if the job j is in (b-1)" order
on the i"™ machine and g™ job is in b" order on
the machine i, 0 otherwise

T;jp:  The tardiness for j™ job in b™ order on the i"
machine

E;jp:  The earliness for j™ job in b order on the it"
machine

Cijp:  The completion time for j™ job in b™ order on
the i™ machine
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Minz = ¥,_, X%, Z;ZI(Eijb + Tijp)
Subject to;

n m —
b=1 Zi=1 Xijb =1

;'lleijb <1
YioRix =1

Yie1Xigp < Xje1Xijoo-1)

Cijp + M(1—x;,) =P

Cijp —M(1—x;,) <P

Yijgp 2 1= (2 = Xigp — Xijp-1) * M

Cigp + M(2 = Xigp = Xij-1) = Cijp-1 + ig * Yijqp
Cigp = M(2 = Xigp = Xijo-1)) < Cijp-1+ Ppg * Yijn
Xijp * Cijp < TT

Tijp = Cijp — d;

Eijp = dj — Cijp

Xijp ={0, 1}

Yijqn ={0, 1}

Cijp Tijp. Eijp= 0

Tyjp> 0

Eyj>0

The objective function, equation (1) minimizes
total tardiness, and earliness time. Constraints (2)
force that each job can be performed by only a
machine and at order. Constraints (3) ensure that
just one job at most can be assigned to an order of
a machine. Constraint (4) guarantees that each job
has only one color. Constraint (5) ensures that if
there is a job in b™ order, there also is a job in the
(b-1)" order for each machine and each order.
Constraints (6) and (7) calculate the completion
time of jobs assigned to the first order of each
machine. Constraint (8) allows the formation of
preparation time during the transition from job j to
job q, if the job j is in the (b-1)" order, job q is in
the b™ order and if they are the same machine.
Constraint (9) and (10) determine the total
completion time for each job in each order (except
first order) on each machine. Constraints (11)
guarantee that total completion time does not
exceed the total available time for each job in each
order on each machine. Constraints (12)

Our algorithm;

(€
ViEN 2
VieEM,Vb €O ?3)
ViEN 4
VieEM,YbeOb>1 5)
ViEM,VJENVbeOb=1 (6)
ViEM,VJENVbeOb=1 ©)
VieEM,VjEN,VqENVYbEO (8)
VieEM,VjeENVGeENYbeODb>1 9)
ViEM,ViENVGgENYbEOD >1 (10)
Vi E MVjENVq €O (11)
Vi E MVj ENVq €O (12)
Vi E MVj € NVq €0 (13)
Vi E MVj € NVq € 0 (14)
Vi E MVj ENVq €O (15)
ViEMVjeENVqgeEO (16)
Vi E MVjENVq €O 17)
ViEMVjeENVqgeEO (18)

determine tardiness duration for each job in each
order on each machine. Constraints (13)
determine earliness duration for each job in each
order on each machine. Constraints (14) and (15)
define the X;; and Y., as binary variables.
Constraints (16), (17), and 18 are non-negativity
constraints.

2.2. Mathematical Model

In the company, 4,000 products can be produced
in a shift and 8,000 products can be produced
daily. These quantities may increase to 12,000
products, depending on seasonal effects. The dye-
house station can control its production speed and
capacity according to fluctuations in demand.
However, many constraints should be taken into
consideration. In the proposed model, the number
of constraints increases according to the number
of jobs. Related real data are shown in Table 4.
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Table 4. Relation of humber of jobs and model constraints

Number of jobs Number of constraints

1 26

2 122

4 710

5 1,298

Table 4 (continuation). Relation of number of jobs and model constraints

Number of jobs Number of constraints

6 2,146

8 4,814

10 9,098

15 29,398

25 131,498
30 225,298
40 528,398
50 1,025,498

After the model is built, the model has been
validated. It was implemented by solving
problems with different sizes of samples by using
GAMS CPLEX solver to test the validity of the
model. After the analysis of the solutions, it has

been seen that when the sample size increases,
solution gaps increase. The required times for the
GAMS CPLEX 24.1 solver to solve the model are
shown in Table 5.

Table 5. The relation of elapsed time for obtained outputs in GAMS and number of jobs when the number of iteration
and resources are not defined

Number of jobs

Elapsed time for calculation

Relative Gaps

0:06
0:07
0:08
0:07
0:09
0:08
0:26
3:19
16:48
16:5
16:47
16:47

© 00 N oo o1 B~ W N P

w N
o O O

0

0

0
0,068
0,076
0,099
0,099
0,1
0,2302
0,39
0,2968
0,3023
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Figure 1. The graph for the solution performance

The results of the samples is shown in Table 5 and
Figure 1. When the quantity of products produced
in the company is compared with the sample
including 50 jobs, to obtain the optimal solution
will be hard to get. As a result, using a
mathematical model in a company with a high
production rate may not be suitable. However, the
model can be used in a company with a low

Production rate and give optimal solutions to
create an efficient production schedule. To obtain
a reasonable solution for high numbers of jobs a
heuristic algorithm should be developed.

2.2.1. Application Results with Real Data

The sample includes 30 numbers of jobs and the
jobs’ features are shown in Table 6.

Table 6. The due dates and product’s colors

J d Color (k) J d; Color

1 450 White (0) 16 65 Black (5)

2 450 Black (5) 17 200 Stone coal (1)

3 450 Arc744 (2) 18 100 Arc744 (2)

4 90 Arc744 (2) 19 200 White (0)

5 110 Stone coal (1) 20 150 Arc764 (3)

6 65 White (0) 21 250 Arc744 (2)

7 75 Black (5) 22 150 Arc744 (2)

8 100 Stone coal (1) 23 100 Stone coal (1)

9 80 Arc744 (2) 24 200 White (0)

10 75 White (0) 25 210 Arc764 (3)

11 95 Cataphoretic (7) 26 250 White (0)

12 60 White (0) 27 230 Arc744 (2)

13 75 Arc744 (2) 28 260 Claret red (4)

14 100 Cataphoretic (7) 29 270 Manhattan Grey (6)
15 75 Black (5) 30 260 Manhattan Grey (6)

The company paints the jobs according to the First
in First Out rule. Based on this rule, the jobs
assigned to the first machine are 1-3-4-7-9-11-14-
15-16-18-20-23-25-26-28 respectively, and the
jobs assigned to the second machine are 2-5-6- 8-
10-12-13-17-19-21-22-24-27-29-30 respectively.

As a result of this assignment, the total earliness
and tardiness time is 10,195 minutes.

The outputs given in Table 7 are obtained when
we solved the case study by using GAMS CPLEX
solver.
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Table 7. Results for the application

Xiip Cijp Xiib Cijo

X1110= 1 Ci110= 373 Xiar11= 1 Croru1= 233
Xi217= 1 Cinr= 333 Xi2815= 1 Cros15= 294
X1318= 1 Ci318= 358 X12914= 1 Ci2014= 278
X144= 1 Cuaa= 108 X13016= 1 Ciz016= 308
X1113= 1 Cius= 93 Xos5= 1 Coass= 103,4
X1132= 1 Cuz= 78 Xoe1= 1 Coar= 53
X1145= 1 Cius= 123 Xo73= 1 Corns= 78.2
X1156= 1 Cuise= 148 Xoga= 1 Cogs= 103,2
X1161= 1 Cue= 53 Xogg= 1 Cogs= 118,8
X1179= 1 Curo= 203 X2100= 1 Ca100= 133,8
X1198= 1 Ci108= 188 Xo120= 1 Caro= 53,2
X1207= 1 Cro07= 173 Xo187= 1 Cog7= 118,6
X12113= 1 Cr13= 263 X22210= 1 Coz10= 148,8
X12510= 1 Ci2s10= 218 X2236= 1 Caz6= 103,6
X12612= 1 Cioe10= 148 X22411= 1 Coa11= 163,8

The objective function value, which gives the total
earliness and tardiness of the application, is
4,299.0 minutes. The jobs that are assigned to
machine 1 respectively are: 16-13-11-4-14-15-20-
19-17-25-27-26-21-29-28-30-2-3-1 and to
machine 2 respectively are: 6-12-7-8-5-23-18-9-
10-22-24. The solver gives us the optimal outputs
by considering due dates and constraints. The
elapsed time to solve the model is 10 hours 3
minutes.

By using the proposed model, the total earliness
and tardiness time is improved 42% regarding the
total earliness and tardiness time obtained by
using the FIFO rule that the company uses.

3. Conclusion

The study aims to minimize work in process
inventories around the dye house stations. To
accomplish this aim, a mathematical production
scheduling model that can work according to the
changeable demands for the external body
production unit is developed.

In the current situation, the production scheduling
of the dye house station is done based on a
human’s experience. A mathematical model has
been developed to obtain an optimal solution. An
identical parallel machine scheduling model is
developed and an optimal solution has been found
by solving the model by using GAMS CPLEX
24.1. However, the solution is obtained in a long-
time period. Increasing the number of jobs raises
the total time required. If the company practices
high-demand mass production such as 4,000
products in a shift, the mean period may not
satisfy the company especially in case the

company is in the need of frequent revisions on
the schedule.

The best solution can be obtained through
mathematical programming. However, as the
number of jobs in the mathematical model
increases, the time to reach a solution increases.
With the mathematical model developed, the time
to obtain solutions is slow compared to the
dynamic structure of the companies that make
mass production. For this reason, it will be useful
to use heuristic methods that give the best solution
in a short time to solve the scheduling problems
where the quantity of product to be produced is
high. It will be useful to create heuristic and
metaheuristic algorithms using the parameters of
the model for future studies. Also, metaheuristic
methods can be used for large-scale problems.
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Net agiklik

Geleneksel donatilmis bag kirigleri

Diger modern deprem yonetmeliklerinde oldugu gibi, 2018 Tiirkiye Bina Deprem
Yonetmeligi’nde de (TBDY, 2018) kapasite tasarimi ilkesi ve uygulamalar1 yer
almaktadir. Kapasite tasarimi ilkesine gore, betonarme elemanlarda kesme
kirilmasimnin olusmasi Onlenmelidir. Betonarme elemanlarin daha yiiksek bir
kapasiteye sahip olacak sekilde boyutlandirilmasi, boyuna ve enine donatilarin
uygun bir sekilde yerlestirilmesi gerekmektedir. Bu ¢alismada, net agikliginin kesit
yiiksekligine orani 2<I,/h<4 olan geleneksel donatilmis betonarme bag kiriglerinin
davranist arastirilmistir. Bag kirigleri diyagonal donatilt ve geleneksel donatili
olacak sekilde iki farkli sekilde tasarlanmaktadir. Geleneksel donatilmig
betonarme bag kirislerinin kesit genisligi 300 mm, kesit yiliksekligi 800 mm ve
kesit faydali yiiksekligi 750 mm olacak sekilde secilmistir. Geleneksel donatilmis
bag kirislerde beton smift C30 ve C45 donati sinift B420C olarak segilmistir.
Geleneksel donatilmis betonarme bag kirislerde cekme ve basing donatisi oranlari
esit alimmistir. Bu c¢aligmada geleneksel donatilmig bag kirislerinin tasima
kapasiteleri kapasite tasarimi ile elde edilmistir. Bag kiriglerde beton basing
dayaniminin, boyuna donati oraninin, enine donatilarin ¢ap1 ve araliginin ve kiris
acikligmin yiiksekligine oranmim (Io/h) kesme tasima kapasitesine etkisi
aragtirllmistir. Calismadan elde edilen sonuglara gore geleneksel donatilmig
betonarme bag kiriglerinde, enine donati ¢apmin, enine donati araliginin, beton
basing dayanimmin ve (Iy/h) oraninin kesme kapasitesine etkili oldugunu
ispatlanmustir.
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As with other modern earthquake regulations, the Turkey Seismic Building Code
(TSC, 2018) capacity design principles and applications are included. According
to capacity design principle, occurrence of the shear failure should be prevented.
Reinforced concrete elements should be dimensioned and their longitudinal and
transverse reinforcements should be placed appropriately to have a higher
capacity. In this study, behavior of conventionally reinforced concrete coupling
beams with a net span to section height ratio of 2<l/h<4 was investigated. The
coupling beams reinforcement are designed in two different types, diagonal
reinforced and conventional reinforced. Conventional reinforced concrete coupling
beams are selected to have cross section width of 300 mm, section height of 800
mm and available head section of 750 mm. In conventional reinforced concrete
coupling beams, C30 and C45 concrete class and B420C reinforcement class have
been selected. In conventional reinforced concrete coupling beams, the tensile and
compression reinforcement ratios were taken equal. In this study, the bearing
capacity of conventional reinforced concrete coupling beams were obtained by
capacity design. The effects of concrete compressive strength, longitudinal
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reinforcement ratio, diameter and spacing of transverse reinforcement and (In/h)
ratios on coupling beams were investigated. According to the results obtained from
the study, it has been proved that the diameter of transverse reinforcement,
transverse reinforcement space, concrete compressive strength and (I./h) ratios are
effective on shear capacity of the conventional reinforced concrete coupling

beams.

To Cite: Jamal R., Yiiksel SB. Geleneksel Donatili Bag Kirislerinin Kapasite Tasarimi1 Uzerine Parametrik Bir Calisma, Osmaniye
Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 45-58.

1. Giris

Bag kirisleri genellikle orta ve yiiksek binalarda,
merdivenlerin ve asansorlerin ¢evresinde bulunan
perde duvarlarm baglanmasi amaciyla
kullanilmaktadir. Bag kirislerinin deformasyon
yapabilmesi elemanin kesme deformasyonu
yapabilme kapasitesine baglidir. Bag kirisleri iki
perde duvari birlestirerek kesme etkisinin perde
duvarlara  aktarilmasin1  saglayarak, perde
duvarlarin egilme rijitliginin artmasina sebep olur.
Buna ilaveten bag kirigleri, asin plastik
deformasyona maruz kalarak sismik enerjinin
yutulmasini saglarlar. Bag kirislerinin tasariminda
amag, bag kirislerinin siinek davranmasini, sismik
yiikler etkisi altinda fazla donme yapabilmesini ve
daha fazla enerji tiiketilmesini saglayabilmektir

[1].

Bag kirisli sistemlerde bag kirisleri perde duvarlar
ile birlikte ¢alismakta ve deprem sirasinda asiri
kesme kuvvetlerine maruz kalmaktadir [2]. Bag
kirigleri genellikle kisa ve derin elemanlar olarak
tanimlanir. Diisiik net agiklik/derinlik oranina
sahip olduklarindan yiiksek kesme kuvvetlerine
maruz kalirlar. Bag kiriglerinin dayanim ve
rijitliklerini artirabilmek ve gevrek kirilmayi
onlemek icin deneysel calismalar yapilmistir.
Farkli  arastirmacilar  tarafindan  geleneksel
donatilmis  bag kirislerinin  test sonuglari
irdelenmistir [3].

Bag kirislerinin  davranigini  biiyiik  6l¢iide
etkileyen faktorlerden birisi bag kirisi net
acikliginin derinligine oramdir. Eger bag kirisi net
acikliginin derinligine oranm1 dortten biiylik ise,
bag kirisi narin veya ince bag kirisi olarak
tanimlanir ve diizlem kesit teorisi, egilme
davranisinin belirlenmesi i¢in kullanilabilir. Net
acikliginin derinligine orani ikiden kiigiik olan bag
kirigleri ise derin bag kirisleri olarak tanimlanir.
Bu durumda elemanlar asir1 kesme kuvvetine
maruz kaldigr igin yoOnetmeliklere gore capraz
donatilar ile donatilmaktadir. Net acgikligimin
derinligine orani 2 ile 4 arasinda olan bag kirisleri
normal uzunluklu bag kirigleri olarak tamimlanir.
Normal uzunluklu bag kirisleri ile ilgili literatiirde

sinirli sayida calisma yapilmistir [4].

Net agikliginin derinligine orani 2 ile 4 arasinda
olan normal wuzunluklu bag kirislerinin
donatilmasi ile ilgili, ACI318-14’de [5] net bir
aciklama  yapilmamistir.  Net  acgikligimin
derinligine oran1 2 ile 4 arasinda olan bag
kirislerinin donatilmast tasarimcinin  kararina
birakilmistir. Bu durumda hem diyagonal hem de
geleneksel donati  kullanilabilmektedir.  Net
acikliginin derinligine orani ikiden kii¢iik olan bag
kiriglerinin, ACI318-14’¢ [5] gore diyagonal
donatilar ile donatilmasi Onerilmis ve bu
donatilarin kesme ve egilmeye karsi ¢ok etkili
oldugu ispatlanmistir [2]. Net acikligmin
derinligine oranm1 dortten biiyiik olan bag
kirislerinin ~ geleneksel kesme donatis1 ile
donatilmas1 Onerilmis ve diyagonal donatilarin
kesmeye karsi cok etkili olmadigi ve geleneksel
etriyelerin ¢ok daha etkili oldugu gézlemlenmistir
[2, 3].

Erwin ve ark. [2] yaptiklar1 deneysel ¢alismalarin
sonucunda normal uzunluklu bag kirislerinde
capraz donatilarin kesmeye karst cok etkili
olmadigim ispatlamistir. Normal uzunluklu bag
kirislerinde etriyelerin kesmeye karsi daha fazla
etkili oldugu goriilmiistiir. Deneysel calismalar
sonucunda capraz donatilarla donatilmis kisa
aciklikli derin bag kiriglerinin kesme ve egilmeye
karsi1 ¢ok etkili oldugu goriilmiistiir [2].

Bu ¢aligmanin amact normal uzunluklu geleneksel
donatilmig betonarme bag kiriglerinin akma
durumunda ve kirtlma durumunda kesme
kapasitelerinin arastirilmasini igeren analitik bir
calismanin yapilmasidir. Geleneksel donatilmis
betonarme bag kirisi modelleri ¢ekme ve basing
donatis1 miktar1 esit olacak sekilde (4®20 mm,
4026 mm ve 4®32 mm) donatilmigtir. Tasarlanan
bag kirislerinde ti¢ farkli cekme ve basing donatisi
orani segilerek parametrik calisma yapilmugtir.
Bag kirisleri iki sira 2014 mm govde donatisi ile
donatilmigtir. Beton basing dayaniminin bag kirisi
davranig1 iizerindeki etkisini arastirmak igin
analizlerde C30 ve C45 olacak sekilde iki farkli
beton smifi dikkate almmustir. Calismada
malzeme modellerinde kullanilan parametreler
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TBDY 2018’e gore dikkate alinarak SAP 2000 [6]
programia  tanimlanmistir. Bu  ¢aligmada
geleneksel donatilmig bag kiriglerinin davranisi
analitik olarak aragtirilmistir. Caligmada alti tip
toplam 30 adet bag kirisi tasarlanmistir. Tasarim
parametrelerinin  incelenmesi igin analizlerde
dikkate alinan bag kirislerinin en-kesit geometrisi
ve donati yerlesim plan1 Sekil 1°de verilmistir.

2. Materyal ve Metot

Betonarme kesitlerin  moment-egrilik iliskisini
etkileyen ve tasarim asamasinda birer parametre
olarak diisiiniilen, beton basing dayanimi, ¢gekme
ve basing donatisi orani, enine donati orani ve
eksenel basing kuvveti gibi faktorler moment-
egrilik davramigimi etkileyen parametreler olarak
bilinmektedir. Bu amacla geleneksel donatilmig
betonarme bag kirislerinin moment-egrilik iliskisi
aragtirilarak akma momenti, maksimum momenti
ve bunlara karsilik gelen egrilik degerleri elde
edilmistir. Betonarme bag kirislerinin davraniginin
anlagilabilmesi icin bag kirislerinin moment
egrilik iligkilerinin elde edilmesi gerekmektedir.
Geleneksel donatilmis betonarme bag kirislerinin
dogrusal olmayan davranigina etki eden faktdrler;
¢ekme ve basing donatisi orani, enine donatilarin
capt ve araligi, beton basing dayamimi ve net
aciklik/derinlik oranidir. Tasarim parametrelerinin
incelenmesi icin analizlerde dikkate alinan bag
kiriglerinin kesiti 300 mmx800 mm boyutlarinda
olup Sekil 1’de kesit geometrisi ve donati
yerlesim plan1 verilmistir.

Geleneksel donatilmig betonarme bag kirislerinin
moment-egrilik iliskileri  gergek¢i malzeme
modelleri kullanilarak SAP2000 programu ile elde
edilmistir. Modellenen bag kirislerinin moment
egrilik iligkisinin  grafikleri g¢izilerek akma
momenti (M,) ve maksimum moment (M,)
degerleri elde edilmistir. Analiz edilen geleneksel
donatilmis bag Kkirislerinin akma momenti,
maksimum momenti ve bunlara karsilik gelen
egrilik degerleri, akma durumuna karsi gelen
kesme kapasite dayanimi ve maksimum kesme
kapasite dayanimmin degerleri kapasite tasarimi
yontemi ile elde edilmistir. Geleneksel donatilmig
betonarme bag kirislerinin dogrusal olmayan
davraniglart dikkate alinarak analizler SAP2000
(Ver.20.2.0) [6] programinda gergeklestirilmistir.

Betonarme bag kiriglerinin analizleri yapilirken,
en-kesitteki ¢ekme, basing ve enine donatilarin
oranlari, kullanilan donatilarin ¢ap1 ve yerlesim
diizeni dikkate alinarak analizler yapilmistir.
TBDY [7]’ye gore geleneksel donatilmis
betonarme bag kirislerinin akma ve maksimum
kesme kapasite dayanimi Denklem 1 ile
hesaplanmustir.

2M 2M
= Y ) Vu = 1 : (1)
n

y ln

Denklem (1)’de Vy,My,Vy, M, ve 1, sirasiyla,
akma durumundaki kesme kapasitesi ve momenti,
maksimum kesme kapasitesi ve momenti ve
elemanin net agikligidir. Bu caligmada alt1 tip
toplam 30 adet sabit en-kesitli, farkli ¢ekme ve
basing donatis1 oranina, beton basing dayanimina
ve net acgiklik derinlik oranina sahip geleneksel
donatilmig betonarme bag kirisi modelleri
tasarlanmistir. Geleneksel donatilmig betonarme
bag kiriglerinin modellenmesinde Tiirkiye Bina
Deprem Yonetmeligi [7] ve Betonarme Yapilarin
Tasarim ve Yapim Kurallart (TS500, 2000)’de
verilen hiikiimler dikkate alinmustir. Tasarimda
kullanilan beton ve donatilarin mekanik 6zellikleri
Tablo 1’de verilmistir. SAP2000 [6] programinda
tanimlanan beton ve donati ¢eligi icin hesaplarda
ve malzeme modellerinde kullanilan parametreler
Tablo 1’de ozetlenmistir. Betonarme Kesitlerde
eksenel yiikiin etkili olmadig1 durumlarda sargi
donatisinin etkisi azalmaktadir. Bundan dolay1
analizlerde beton modeli olarak Mander sargisiz
beton modeli kullanilmigtir [8]. Bag kirislerinin
en-kesit boyutlart ve donat1 yerlesim plan1 Sekil
1’de verilmistir.

Sekil 1°de wverilen bag Kkirislerinin kapasite
tasarimi  yOntemine gore kesme kapasite
dayanimlar1 hesaplanmistir. Hesaplarda kullanilan
malzeme o6zellikleri 6zet olarak Tablo 2 ve 3’te
verilmigtir. Sekil 1’de; b; bag kiriglerin en-kesit
genisligini, d; bag kirislerin faydali yiiksekligini
ve h; bag kiriglerin en-kesit yiiksekligini
gosterilmektedir. Tablo 2 ve 3’te,
A, A, f., @ vel, sirast ile bag kirislerin ¢ekme
donatisi alani, basing donatist alani, beton basing
dayanimi, donati ¢ap1 ve net agikligidir.
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b=300

Sekil 1. Tasarlanan geleneksel donatilmis bag kirislerinin en-kesit boyutlar1 ve donatilarin yerlesim plani

Tablo 1. Malzeme modellerinde kullanilan parametreler [7]

Malzeme Parametre Deger
Sargisiz betonun maksimum gerilmeye ulastig1 birim sekil degistirme 0002
Beton Simufi: degeri (eco) '

C30, C45 Sargisiz betonun nihai birim sekil-degistirmesi (ecu) 0,0035
Karakteristik beton basing dayanimi (fck) 30-45MPa

Donati ¢eliginin akma birim sekil degistirmesi (esy) 0,0021

Donati Donati ¢eliginin peklesme birim sekil degistirmesi (esp) 0,008

Celigi: Donati ¢eliginin kopma birim sekil degistirmesi (gsu) 0,08

B420C Donati ¢eliginin karakteristik akma dayanimi (fyk) 420 MPa
Donati ¢eliginin karakteristik kopma dayanimi (fsu) 550 MPa

Tablo 2. Tip-1 olarak tasarlanan kiris modellerine ait parametreler

Kesit  Kesit I,/ Beton Ag Al o
Grubu No ™" Smifi (mm?) (mm?) P7P
BI-1 20
B1-2 25 4020 4D20
Tip-1 B13 30 30 12566 12566 0,005585
Bl-4 35
B1-5 40
B2-1 20
B2-2 25 4026 4D26
Tip2 B23 30 30 21237 21237 0,009439
B2-4 35
B2-5 4,0
B3-1 20
B3-2 25 4032 4032
Tip3 B33 30 30 32170 32170 0,014300
B3-4 35
B3-5 40

Tablo 3. Tip-2 olarak tasarlanan kiris modellerine ait parametreler

Kesit  Kesit Beton Ag Aj o,
Grubu No "M Smfi (mm?) (mm?) P TP
B4-1 20
B4-2 25 4020 4D20
Tip-4 B43 30 45 12566 1256,6 0,005585
B4-4 35
B4-5 40
. B5-1 2,0 4026 4D26
TS geo 25 4 21237 21237 0009439
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B5-3 3,0

B5-4 35
B5-5 4,0
B6-1 2,0
B6-2 25
Tip-6 B6-3 3,0 45
B6-4 35
B6-5 4,0

4032 4032

3217,0 3217,0 0,014300

Geleneksel donatilmig betonarme bag kirislerinin
catlamamis kesit rijitlikleri (EI) kesit geometrisi
(b ve h) ve betonun elastisite modiilii (E.) dikkate
almarak Denklem 3 ile hesaplanmistir. E. farkli
beton siniflart igin TS-500, 2000’de [9] verilen
karakteristik beton basing dayamimina (f.;) gore
Denklem 2 ile hesaplanmigtir. Betonarme bag
kiriglerinin elastisite modiilleri ve briit kesit atalet
momentleri Denklem 2 ile hesaplanmustir.

_ bh?
12

Denklem 2’de E, fx ve I sirasiyla beton elastisite
modiiliinii, beton karakteristik basing dayanimini

E. = 3250,/fy + 14000, I 2)

ve betonarme bag kirislerin briit atalet momentini
gostermektedir. Catlamamig betonarme bag
etkin rijitlik ¢arpanlar1 Denklem 3 ile
hesaplanmistir. Denklem 3’te EI, Elg, My, k; ve

k. sirasiyla bag kiriglerinin ¢atlamamis kesitlerin
egilme rijitligini, etkin egilme rijitligini, akma
momentini, akma egriligini ve etkin rijitlik
carpanlarini gostermektedir.

_El

e_ﬁ (3)

Geleneksel donatilmis betonarme bag kirislerin
etkin rijitlik carpanlar1 farkli yonetmelikler ve
arastirmacilar tarafindan oOnerilen formiiller ile
hesaplanmigtir.  Etkin  rijitlik  ¢arpanlarini
yonetmelikler — ve
arastirmacilar  tarafindan  Onerilen formiiller
sirastyla asagida verilmistir.

hesaplamak ic¢in  farkh

Etkin rijitlik carpanlar1 ACl 318-14'e gore [5]
Denklem 4 ile hesaplanmaktadir.

b
k. = 0,35 k. = (0,1 + 25p,) (1,2 - o,za)

<05 4)

Denklem 4’te; ps, d ve b boyuna donati oranini,
en-kesit faydali  yiiksekligini ve en-kesit
genisligini gostermektedir.

ASCE 41-17 [10] ve TBDY 2018’de [7] verilen
etkin rijitlik carpam sirasiyla ko = 0,3 ve ke =
0,35 olacak sekilde tanimlanmustir.

Geleneksel donatilmis bag kiriglerinin etkin rijitlik
carpani Yeni Zelenda yonetmeligine gore NZS
3101-3 [11] Denklem 5 ile hesaplanmaktadir.

0,4

ke =———
C1+8(3)?

()

Geleneksel donatilmig bag kirislerinin etkin rijitlik
carpant i¢in Paulay ve Priestley [12] tarafindan
onerilen formiil, Denklem 6’te verilmistir.

0,2

ke = ————
T 1+3@3)?

(6)

Betonarme bag kirislerinin  etkin  rijitlik
carpanlarmi  hesaplamak igin Taranath [13]
tarafindan  Onerilen formiil, denklem 7°de
verilmistir.

1
k. = 7
1+2,4(%)3(1+v) @

Denklem 5, 6 ve 7°de; v, d ve 1 sirasiyla betonun
poisson orani, bag kirislerin faydali yiiksekligi ve
bag kirislerinin agikligidir. Farkli beton siniflari
icin poisson orant (v=0,2) olarak verilmektedir.
Akma ve maksimum kesme kapasite dayanimini
elde etmek i¢in bag kirislerinin net acgikligimin
hesaplanmas1 gerekmektedir. Bag kirislerinin
plastik mafsal uzunlugu ve net acikligi Denklem
(8) ile hesaplanmugtir.

b=05h , 1,=1-(p/2) (8)

Denklem 8’de; d; bag kirislerinin faydali
yiiksekligini, 1; bag kirislerinin net agikligini, lp;
bag kirislerde plastik mafsal uzunlugunu ve I;
bag kirislerinin net agikligini gostermektedir.
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3. Analitik Calisma

Geleneksel donatilmis betonarme bag kirislerinde
kullanilan malzeme Ozellikleri Tablo 1’de
verilmigtir. Tasarlanan geleneksel donatilmis

betonarme bag Kkirislerinin  moment egrilik
iligkilerinin grafikleri SAP 2000 [6] programi ile
elde edilmistir. Moment-egrilik iligkisinin
grafikleri Sekil 2, 3 ve 4’de verilmistir.
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Sekil 2. Tip (1, 2, 3, 4, 5 ve 6) bag kirislerinin moment egrilik iligkisinin grafikleri (Fiber Integration).
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Sekil 3. Tip (1, 2, 3, 4, 5 ve 6) bag kirislerin moment egrilik iliskisinin grafikleri (Fiber ideal Integration).
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Sekil 4. Tip (1, 2, 3, 4, 5 ve 6) bag kirislerin moment egrilik iliskisinin grafikleri (Exact Ideal Integration).

Geleneksel donatilmig betonarme bag kirislerinin
akma momentleri ve maksimum moment tasima
kapasiteleri SAP 2000 [6] programindan elde
edilen moment egrilik iligskisi sonuglarindan
hesaplanarak Tablo 4 ve 5’te verilmistir. Bag
kiriglerinin akma ve maksimum kesme tasima
kapasitesini elde etmek icin bag kirislerinin
plastik mafsal uzunlugu ve net agikligi Denklem 7
ile  hesaplanmistir.  Geleneksel — donatilmis
betonarme bag kirislerinin akma ve maksimum
kesme tasima kapasitesi Denklem 1 ile

bag kirislerinin etkin rijitlik c¢arpanlar1 farkli
yonetmelik ve arastirmacilar tarafindan Onerilen
formiiller ile hesaplanmistir. Hesaplanan etkin
rijitlik carpanlar karsilastirmali olarak Tablo 8 ve
9’da verilmistir. Sekil 2, 3 ve 4’te ve Tablo 4, 5, 6
ve 7°de belirtilen Fiber Integration, Fiber Ideal
Integration, Exact Ideal Integration ifadeleri
SAP2000 [6] programinda moment egrilik
analizlerinde kullanilan ¢6ziim ydéntemlerinden
elde edilen sonuglar1 ifade etmektedir.

hesaplanmigtir. Tasarlanan geleneksel donatilmis
betonarme bag kiriglerinin elde edilen akma ve
maksimum kesme kapasiteleri Tablo 6 ve 7’de
Ozetlenmigstir. Geleneksel donatilmig betonarme

Tablo 4. Tip-(1, 2 ve 3) geleneksel donatilmis betonarme bag kirislerinin My, ve M,, degerleri
Fiber Integration  Fiber ideal Integration Exact Ideal Integration

é‘ﬁ;{] KNez't W/h My M, M, M, M, M,
(kN.m) (KN.m)  (kN) (kN) (kN) (kN)

BLI-L 20 3885 5548  397,6 4852 4298 5661

Bl-2 25 3885 5548 3976 4852 4298  566.1

Tipl BL1-3 30 23885 5548 3976 4852 4298 5661
Bl-4 35 3885 5548 3976 4852 4298 5661

BL-5 40 3885 5548 3976 4852 4298  566.1

B2-1 20 63L8 8795 6383 7695 6736 8597

B2-2 25 6318 8795 6383 7695 6736 8507

Tip2 B2-3 30 6318 8795 6383 7695 6736  859.7
B2-4 35 6318 8795 6383 7695 6736 8507

B2-5 40 6318 8795 6383 7695 6736 8597

B3-1 20 9191 12876 9369 11257 968,0 1215,9
B3-2 25 9191 12876 9369 11257 968,0 1215,9
Tip-3 B3-3 30 9191 12876 9369 11257 968,0 1215,9
B3-4 35 9191 12876 9369 11257 968,0 1215,9
B3-5 40 9191 12876  936,9 11257 968,0 1215,9
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Tablo 5. Tip-(4, 5 ve 6) geleneksel donatilmis betonarme bag kirislerinin My, ve M,, degerleri

Fiber Integration  Fiber ideal Integration ~Exact Ideal Integration

Sel KesitNo /b M, M, M, M, M, M,
(kN.m) (KN.m)  (kN) (kN) (kN) (kN)

B4l 20 3946 5547 3999 4855 4425 5777

B4-2 25 3946 5547 3999 4855 4425 5777

Tip4  B43 30 3946 5547 3999 4855 4425 5777
B4-4 35 3946 5547 3999 4855 4425 5777

B4-5 40 3946 5547 3999 4855 4425 577,7

B51 20 6260 8794 6360 7705 6841 8904

B5-2 25 6260 8794 6360 7705 6841 8904

Tip-5  B53 30 6260 8794 6360 7705 6841 8904
B5-4 35 6260 8794 6360 7705 6841 8904

B5-5 40 6260 8794 6360 7705 6841 890,

B6-1 20 9353 12878 938,7 1127,6 984,3 1264,7
B6-2 25 9353 12878 938,7 1127,6 984,3 1264,7
Tip-6 B6-3 30 9353 12878 938,7 1127,6 984,3 1264,7
B6-4 35 9353 12878 938,7 1127,6 984,3 1264,7
B6-5 40 9353 12878 938,7 1127,6 984,3 1264,7

Tablo 6. Tip-(1, 2 ve 3) geleneksel donatilmis betonarme bag kirislerinin Vy ve V,, degerleri

Fiber Integration  Fiber Ideal Integration Exact Ideal Integration

NGO W S A v, v, v, v,
(kN.m) (kN.m)  (kN) (kN) (kN) (kN)

B1-1 2,0 485,6 693,4 497,0 606,5 537,3 707,6
B1-2 2,5 388,5 554,8 397,6 485,2 429,8 566,1

Tip-1 B1-3 3,0 323,8 462,3 331,3 404,3 358,2 471,8
B1-4 3,5 2775 396,3 284,0 346,6 307,0 404,4
B1-5 40 2428 346,7 248,5 303,3 268,6 353,8
B2-1 2,0 789,8 1099,3 7979 961,9 842,0 1074,7
B2-2 2,5 631,8 879,5 638,3 769,5 673,6 859,7

Tip-2 B2-3 3,0 526,5 7329 531,9 641,3 561,3 716,4
B2-4 3,5 451,3 628,2 455,9 549,7 481,1 614,1
B2-5 40 3949 549,7 398,9 481,0 421,0 537,3

B3-1 2,0 11489 16095 11712 14071 1210,0 1519,9
B3-2 2,5 919,1 1287,6 937,0 11257 968,0 12159
Tip-3 B3-3 3,0 7659 1073,0 780,8 938,1 806,7 1013,3
B3-4 3,5 656,5 9197 669,3 804,0 691,4 868,5
B3-5 4,0 5744 8047 585,6 703,5 605,0 760,0




Tablo 7. Tip-(4, 5 ve 6) geleneksel donatilmis betonarme bag kirislerinin Vy, ve V,, degerleri

Fiber Integration

Fiber Ideal Integration ~Exact Ideal Integration

GKrESk;L KesitNo I/h  V, v, v, v, v, v,
kN.m) (KN.m)  (kN) (kN) (kN) (kN)

B4l 2,0 4933 6934 4999 6068 5531 7222

B42 25 3046 5547 3999 4855 4425  577.7

Tip4 B4-3 30 3288 4623 3333 4046 3688 4815
B4-4 35 2819 3962 2856 3468 3161 4127

BA5 40 2466 3467 2499 3034 2766  36L1

B51 20 7825 10992 7950 9632 8551 11131

B52 25 6260 8794 6360 7705 6841 8904

Tip5 B5-3 30 5217 7328 5300 6421 5701 7420
B54 35 4470 6281 4543 5504 4886 6360

B55 40 3013 5496 3975 4816 4276 5565

B6-1 20 11691 16097 11734 14094 12304 15808

B62 25 9353 12878 9387 11276 9843 12647

Tip6 B6-3 30 7794 10732 7823 9396 8203 10539
B6-4 35 6681 9198 6705 8054 7031 9033

B65 40 5846 8049 5867 7047 6152 7904

Tablo 8. Tip-(1, 2 ve 3) geleneksel donatilmig betonarme bag kirislerinin k. degerleri

Kesit  Kesit ACI 318-14 ASCE41-17 TBDY2018 NZS 3101 Paulay Tranath ~ SAP2000
Grubu No [5] [10] [7] [11] [12] [13] FI[6]
ke ke ke ke ke ke ke ke
B4-1 0,35 0,27 0,30 0,35 0,15 0,12 0,77 0,25
B4-2 0,35 0,27 0,30 0,35 0,19 0,14 0,87 0,25
Tip-1 B4-3 035 0,27 0,30 0,35 0,22 0,15 0,92 0,25
B4-4 0,35 0,27 0,30 0,35 0,25 0,16 0,95 0,25
B4-5 0,35 0,27 0,30 0,35 0,28 0,17 0,96 0,25
B5-1 0,35 0,38 0,30 0,35 0,15 0,12 0,77 0,38
B5-2 0,35 0,38 0,30 0,35 0,19 0,14 0,87 0,38
Tip-2 B5-3 035 0,38 0,30 0,35 0,22 0,15 0,92 0,38
B5-4 035 0,38 0,30 0,35 0,25 0,16 0,95 0,38
B5-5 0,35 0,38 0,30 0,35 0,28 0,17 0,96 0,38
B6-1 0,35 0,50 0,30 0,35 0,15 0,12 0,77 0,53
B6-2 0,35 0,50 0,30 0,35 0,19 0,14 0,87 0,53
Tip-3 B6-3 0,35 0,50 0,30 0,35 0,22 0,15 0,92 0,53
B6-4 0,35 0,50 0,30 0,35 0,25 0,16 0,95 0,53
B6-5 0,35 0,50 0,30 0,35 0,28 0,17 0,96 0,53
Tablo 9. Tip-(4, 5 ve 6) geleneksel donatilmis betonarme bag kirislerinin k. degerleri
Kesit  Kesit ACI 318-14 ASCE41-17 TBDY2018 NzS3101 Paulay Tranath SAP2000
Grubu  No [5] [10] [7] [11] [12] [13] FI[6]
ke ke ke ke ke ke ke ke
B4-1 0,35 0,27 0,30 0,35 0,15 0,12 0,77 0,23
B4-2 0,35 0,27 0,30 0,35 0,19 0,14 0,87 0,23
Tip-4 B4-3 0,35 0,27 0,30 0,35 0,22 0,15 0,92 0,23
B4-4 0,35 0,27 0,30 0,35 0,25 0,16 0,95 0,23
B4-5 0,35 0,27 0,30 0,35 0,28 0,17 0,96 0,23
B5-1 0,35 0,38 0,30 0,35 0,15 0,12 0,77 0,35
B5-2 0,35 0,38 0,30 0,35 0,19 0,14 0,87 0,35
Tip-5 B5-3 0,35 0,38 0,30 0,35 0,22 0,15 0,92 0,35
B5-4 0,35 0,38 0,30 0,35 0,25 0,16 0,95 0,35
B5-5 0,35 0,38 0,30 0,35 0,28 0,17 0,96 0,35
B6-1 0,35 0,50 0,30 0,35 0,15 0,12 0,77 0,49
Tip-6 B6-2 0,35 0,50 0,30 0,35 0,19 0,14 0,87 0,49
B6-3 0,35 0,50 0,30 0,35 0,22 0,15 0,92 0,49
B6-4 0,35 0,50 0,30 0,35 0,25 0,16 0,95 0,49
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B6-5 0,35 0,50 0,30

0,35

0,28 0,17 0,96 0,49

4. Arastirma Bulgular1 ve Tartisma

Geleneksel donatilmis betonarme bag kirislerinin
akma durumundaki kesme kapasitesi (Vy) ve
kirtlma durumundaki kesme Kkapasitesi (V)
moment egrilik iliskilerinden elde edilmistir.
Geleneksel donatilmis betonarme bag kirislerinin
elde edilen akma durumuna ve maksimum duruma
kars1 gelen moment ve kesme tasima kapasiteleri,
bag kirislerinin beton basing dayanimlari, boyuna
donati oranlar1 ve net agiklik/derinlik (1x/h)
oranlar1 degistirilerek elde edilmistir. Elde edilen
sonuglar Sekil 5 ve 6’da verilmistir. Bag

rijitlik ¢arpanlart Denklem 3 ile hesaplanmistir.
Hesaplanan rijitlik carpanlart  karsilagtirmali
olarak Sekil 7°de verilmistir. SAP 2000 [6]
programinda Fiber Integration, Fiber Ideal
Integration, Exact Integration ve Exact Ideal
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Integration y6ntemi ile moment egrilik analizleri
yapilabilmektedir. Sekil 5 ve 6’da kullanilan F, FI
ve El simgeleri; sirastyla SAP2000 programinda
Fiber Integration, Fiber ideal Integration ve Exact
Ideal Integration yontemi ile elde edilen hesap
sonuclarin1 géstermektedir.

Sekil 7’de farkli yonetmelikler ve farkh
aragtirmacilar tarafindan Onerilen denklemlere
gore etkin rijitlik c¢arpanlar1  hesaplanarak

grafikleri ¢izilmigtir. Tablo 8 ve 9’da ve Sekil
7’de ACI 318-14 [5], ASCE 41-17 [10], TBDY
2018 [7], NZS 3101-3 [11] ifadeleri bahsi gecen
bu yonetmelikler kullanilarak bulunan degerleri
ifade etmektedir. Tablo 8 ve 9’da ve Sekil 7°de
Paulay ve Priestley[12], Taranath [13] ifadeleri
sirastyla Paulay ve Priestley [12] ve Taranath [13]
caligmalarda verilen formiiller ile elde edilen
sonuglar1 gostermektedir.
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Sekil 5. Bag kirigleri akma ve maksimum moment tagima kapasitelerinin karsilastirmali grafikleri
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Sekil 6. Bag kirisleri akma ve maksimum kesme tagima kapasitelerinin karsilastirmali grafikleri
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Sekil 7. Bag kirisleri etkin rijitlik ¢arpanlarin karsilastirmali grafikleri

5. Sonuc ve Oneriler

Geleneksel donatilmis betonarme bag Kkirisleri
TS-500 ve TBDY 2018 hiikiimlerine gore
tasarlanmistir. Tasarlanan geleneksel donatilmig
betonarme bag kiriglerinin elde edilen sonuglari
gergek malzeme davraniglart kullanilarak elde
edilmistir. Geleneksel donatilmig betonarme bag
kiriglerinin moment egrilik analizinden elde edilen
sonuclar asagida maddeler halinda 6zetlenmistir.

Sabit beton basing dayanimi, sabit ¢ekme ve
basing donatisi  oranina  sahip  geleneksel
donatilmis  betonarme bag kirislerinde net
aciklik/derinlik oranmin degismesi durumunda
moment-egrilik iligkilerinden elde edilen akma
momenti M, ve maksimum moment tasima

kapasitesi M,, sabit kalmaktadir.

Sabit beton basing dayanimi, sabit ¢ekme ve
basing donatis1 oranina sahip geleneksel
donatilmig betonarme bag kirigleri i¢in net agiklik
derinlik/oranin  artmas1  ile  moment-egrilik
iliskilerinden elde edilen akma durumundaki
kesme kapasitesi Vy, ve maksimum kesme tasima

kapasitesi V,, degerleri azalmaktadir.

Sabit ¢ekme ve basing donatisi orani ve beton
basing dayanmimina sahip geleneksel donatilmis
betonarme bag  kirisleri i¢in  farkli net
aciklik/derinlik orani i¢in etkin rijitlik ¢carpani (ke)
degerleri sabit kalmaktadir.

Sabit ¢cekme ve basing donatisi orani ve sabit net
aciklik/derinlik ~ oranina  sahip  geleneksel
donatilmig betonarme bag Kkirisleri i¢in beton

basing dayanimi artmasi durumunda My, My, Vy

ve V, degerleri artmaktadir.

Sabit ¢ekme ve basing donatis1 orani ve sabit net
aciklik/derinlik ~ oranina  sahip  geleneksel
donatilmig betonarme bag Kkirisleri ig¢in beton
basing dayanimiin artmasi ile etkin rijitlik
carpanlar1 azalmaktadir.

Sabit beton basing dayanimi ve sabit net
aciklik/derinlik ~ oranina  sahip  geleneksel
donatilmig betonarme bag kirisleri i¢in ¢ekme ve
basing donati oranmin artmasi durumunda akma
ve maksimum moment kapasitesi degerleri

artmaktadir.

Sabit beton basing dayanimi ve sabit net
aciklik/derinlik ~ oranina  sahip  geleneksel
donatilmig betonarme bag kiriglerinin ¢cekme ve
basing donatis1 oranin artmast ile akma ve
maksimum kesme tasima kapasitesi degerleri
artmaktadir.

Sabit beton basing dayanimi ve sabit net agiklik
derinlik oranmna sahip geleneksel donatilmig
betonarme bag kiriglerinin ¢ekme ve basing
donatist oraninin artmasi ile etkin rijitlik carpani
degerleri artmaktadir.

Geleneksel donatilmig betonarme bag kiriglerinin
etkin rijitlik c¢arpanlar1 farkli ydnetmelik ve
arastirmacilar tarafindan onerilen formiillere gore
hesaplanmistir. Bu sekilde hesaplanan etkin rijitlik
carpanlart degerleri ACI 318-11’e gore [5]
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hesaplanan etkin rijitlik c¢arpanlar1 degerlerine
yakin ¢ikmustir.

Yeni Zelanda [11] yonetmeligi ve Paulay ve
Priestly [12] tarafindan onerilen denkleme gore
hesaplanmis etkin rijitlik carpanlarinin degerleri
moment egrilik analizlerinden elde edilen etkin
rijitlik carpanlariin degerlerinden daha kiigiik
elde edilmistir.

Tranath [13] tarafindan Onerilmis denklemine
gore hesaplanan etkin rijitlik carpanlarin degerleri
moment egrilik analizlerinden elde edilen etkin
rijitlik ¢arpanlar1 degerlerinden daha fazla elde
edilmistir.

Cikar Catismasi Beyani
Makale yazarlari aralarinda herhangi bir g¢ikar
catigmasi olmadigini beyan ederler.

Arastirmacilarin Katki Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamis
olduklarini beyan ederler.
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Anahtar Kelimeler:
Balik Bityiimesi
Boy-Agirlik Tliskisi
Geleneksel Balik¢ilik
Iskenderun Koyu
Kondisyon Faktorii

Bu arastirmada, Iskenderun koyunda ekonomik yoénden énemli olan ii¢ ticari balik
tiiriiniin toplam boy ve agirlik iligkileri (LWRs) ile Fulton’un kondisyon faktoriiniin
(K) belirlenmesi amaglanmistir. Bu amagla, kirlangi¢ baligi (Chelidonichthys lucerna,
Linnaeus, 1758), dil balig1 (Pegusa lascaris, Risso, 1810) ve ¢ipura (Sparus aurata,
Linnaeus, 1758) Iskenderun koyundan 2016 yilinda Eyliil aylarinda profesyonel bir
balik¢1 tarafindan monofilament galsama ag (gbz agikligi: 28) ile 10-20 metrede
dipten toplanmigtir. Toplamda, 82 balik 6rneginin toplam boy ve agirliklart 0,01 cm
ve 0,01 g hassasiyetle Ol¢iilmiistiir. Yakalanan baliklarin minimum-maksimum
uzunlugu ve agirhig: C. lucerna igin 14,0-24,5 cm ve 31,2-126,6 g, P. lascaris i¢in
18,5-25,55 ¢cm ve 37,7-125,5 g, S. aurata i¢in 14,5-26,6 cm ve 55,8-180,0 g olarak
belirlenmistir. Ug balik tiiriiniin toplam boy-agirlik iliskisi C. lucerna icin W = 0,0837
* TL228 P, lascaris i¢in W = 0,0018 * TL®* ve S. aurata icin W = 0,0667 * TL3%
olarak bulunmustur. Fulton’un kondisyon faktorii C. lucerna igin 1,05 + 0,04, P.
lascaris i¢in 0,72 + 0,01 ve S. aurata i¢in 2,00 + 0,10 olarak tespit edilmistir. Bu
caligmanin sonuglari, bu alanda ekonomik acidan Onemli baliklarin LWR
parametrelerine ve K indislerine katki saglamakla birlikte, mevcut ¢aligma farkli
zaman ve mekanlardaki benzer balik stoklarini karsilastirmak igin yararh olacaktir.
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In this study, it was aimed to determine the length and weight relationships
(LWRs) and Fulton’s condition factors (K) for three commercial fish species in
Iskenderun bay. For this purpose, tub gurnard (Chelidonichthys lucerna, Linnaeus,
1758), sand soles (Pegusa lascaris, Risso, 1810), and gilthead seabream (Sparus
aurata, Linnaeus, 1758) were collected by a single artisanal fisherman during
September- December months in 2016 by means of monofilament gill nets mesh
size:28 mm) used at deepths 10-20 m in Iskenderun bay. Totally, 82 fish samples
captured and total lengths and weights of they were measured to the nearest 0,01
cm and to 0,01 g. Minimum-maximum length and weight of caught fishes were
determined as 14,0-24,5 cm and 31,2-126,6 g for C. lucerna, 18,5-25,55 cm and
37,7-125,5 g for P. lascaris, 14,5-26,6 cm and 55,8-180,0 g for S. aurata. Total
length-weight relationships of three fish species were found as W=0,0837*TL2%
for C. lucerna, W=0,0018*TL3% for P. lascaris, and W=0,0667*TL3>%* for S.
aurata. Fulton’s condition factors were detected as 1,05+0,04 for C. lucerna,
0,72+0,01 for P. lascaris, and 2,00+0,10 for for S. aurata. Result of this study
provides a contribution to parameters of LWRs and K indices of economically
important fish in this area and the current study will be useful in order to compare

59



the stocks of similar species in different times and locations.
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Monofilament Gillnets in the Iskenderun Bay, Turkey. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1):

59-64.

1. Introduction

Aquaculture is one of the fastest expanding food
production sectors in all around the world, by per
annual growth rate of 5,8% during the period
2000-2016 [1]. Hundreds of millions of people in
the world depend on artisanal fisheries to survive
and live, and artisanal fishing is critically
important for not only food, but also for jobs,
alimentation, food security, and destitution
decline [2].

Over the past years, climate change, habitat
degradation and wasteful immoderate fishing have
created negative effects on fishing population, and
these circumstances have also negatively caused
yield sea food according to the Food and
Agriculture Organization of the United Nations
[3]. Further, these environmental disasters and
alien fish migration have caused bioecological
changes on native fish in coast of East
Mediterranean and Aegean Sea. Artisanal
fisheries have been widely affected depending on
this situation [4]. Iskenderun bay has been known
to have proportionally rich fishing resources
compared to other fishing areas of eastern
Mediterranean since 1940s [5]. It is well known
that the length and weight relationships (LWRS)
and Fulton’s condition factors (K) are quite useful
in determining the fish condition, life history of
fish and fish stock [6, 7]. They also provide useful
equations to determine whether a somatic growth
is isometric or allometric growth [8].

Tub gurnard, sand solea and gilthead seabream are
economically important for many countries and
there are several studies such as embryonic and
larval development [9], reproduction [10, 11],
length and weight relationships and growth [12,
10, 13, 14]. There is little current information and
explanation for the Iskenderun bay obtained from
LWRs, although it is a reliable calculation method
for studied biological characteristics of fish
populations in aquatic life. Basically, our
objective was to contribute to up to date baseline
information on LWRs and K analysis, which
could be useful for subsequent bioecological and
population-based studies on similar studies done
in the eastern Mediterranean region.

2. Materials and Methods

This investigation was carried out near domestic
area of Iskenderun, the sampling are located
within ~ 36°36°32.70"N-36°07°44.14” E in
Iskenderun bay in Figure 1.

iskenderun Bay

& 2" f
Port Qf.iﬁ‘tenglei'urf
100 km Fod i
Akinci Cape
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Figure 1. The study area, Iskenderun ay

All fishes have been identified in the field by
Whitehead et al. [15] and scientific names of
samples were checked again according to
FishBase [16]. Fishes were collected by
monofilament gill nets mesh size 28 mm used at
depths 10-20 m from Iskenderun bay in
September and December 2016. Total length and
wet weight were measured to the nearest 0,01 cm
using callipers and 0,01 g using digital balance,
respectively. Afterwards, fishes were immediately
released at their natural habitats. In this study,
sampling was made properly as the 4/1
notification regulates commercial fishery by the
Ministry of Agriculture and Forestry of Turkey.
The length and weight relationships were
determined by using the equation W=axL?, where
W is total wet weight (g), L is total length (cm),
the value a is the y-intercept and the value b is the
slope of Ordinary Least Squares regression [17].

The association between length and weight was
computed by the determination of coefficient r?
[8]. Fulton’s condition factors (K) were calculated
by the formula K=WxL*3x100 [18]. In order to
identify the growth type (isometric or allometric)
for all fish species, the value b of LWRs was
tested for the deviation from the value of 3,0 by a
t-test [8] and the b value of each species was
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tested by t-test [19]. Data were evaluated by using
Microsoft Office Excel 2010 and statistical
packages of IBM SPSS 21 were used.

3. Results and Discussion

A total of 82 specimens belonging to three
families were caught from Iskenderun port. The
number of samples, minimum and maximum
values of length and weight of specimens together
with LWRs parameters and K indices of
Chelidonichthys lucerna, Pegusa lascaris, Sparus
aurata were presented in Table 1. Linear
regressions were significant (P<0,001), with the
coefficient of determination r?values for three fish
species. The values 95% confidence limits of b of
three fish species were found as 2,001-2,567,
3,294-3,604, 3,106- 3,498.

4. Conclusion

The value of parameter b was estimated at 2,28
for C. lucerna, 3,45 for P. lascaris and 3,30 for S.
aurata. This data is compatible with the fact that
the value of b must vary from 2 to 4 via Tesch
[20]. Additionally, the wvalue of b, as a
characteristic of the species, is generally stable
throughout the year [21]. All regressions were
highly significant (P<0,001), and the values of
coefficient r? ranged from 0,90 (P. lascaris) to
0,95 (S. aurata), and the value of r? for C. lucerna
was determined as 0,91. A species with the value
of b different from 3 is said to have allometric
growth; otherwise, the type of the growth is
isometric.

Table 1. Descriptive statistics, estimated length-weight relationships and Fulton’s condition factors of 3 commercial
fish species caught by means of monofilament gill nets from Iskenderun Bay (Turkey), during September-December

2016.

TL(cm) W (9) LWRs K

Family  Species N "Min-Max Min- a b 95%Cl 7  GT X+8%
Max of b

Triglidae  C.ucerna 25 14,0245 312- 00837 2,284  2001- 091  A- 1,05+0,04
126,6 2,567

Soleidae  P.lascaris 30 185-255 37,7- 00018 3449 3294 090 A+ 0,72+0,01
1255 3,604

Sparidae  S.aurata 27 145266 558 00667 3,303  3,106- 095 A+ 2,00+0,10
180,0 3,498

n: number of individuals, TL: total length, Min: minimum, Max: maximum, a and b: intercept and slope in aquation
W =1logla) + blog (L), 95%CI : confidence intervals, r coefficient of determination, , GT: growth type, A+: positive

allometry, A-: negative allometry, I: isometric, K: Fulton's condition factors, X + 8% : Mean+SE.

In this study, total lengths of 75% of C. lucerna,
36,6% of P. lascaris, and 100% of S. aurata
samples were found to be under the maturity
lengths 21,6 cm, 22 cm, and 33 cm, respectively,
according to Fishbase data [16]. Minimum-
maximum length and weight of caught fishes were
determined as 14,0-24,5 cm and 31,2-126,6 g for
C. lucerna, 18,5-25,55 cm and 37,7-125,5 g for P.
lascaris, 14,5-26,6 cm and 55,8-180,0 g for S.
aurata. Total length-weight relationships of three
fish species were found as W=0,0837*TL??® for
C. lucerna, W=0,0018*TL?3* for P. lascaris, and
W=0,0667*TL3% for S. aurata. Fulton’s condition
factors were detected as 1,05+0,04 for C. lucerna,
0,72+0,01 for P. lascaris, and 2,00+0,10 for S.
aurata (see Table 1).

In this study, negative allometric growth was
determined for C. lucerna, since its b value was
less than 3. In a similar work carried out in the
west cost of Portugal, the growth for tub gurnard
was determined to be negative allometric (P<0,05)
[12, 13].

We determine a positive allometry for the growth
of P. lascaris as well as Tsagarakis et al. [22]
have measured for sand soles sampled from Black
Sea, Sinop (P<0,001). Computations show that S.
aurata has a positive allometric growth in this
study, whereas gilthead seabream showed
negative allometric growth in another study
(P<0,05), [13].

61



Table 2. Comparative results of summary of population biology data for Chelidonichthys lucerna, Pegusa lascaris,

Sparus aurata from different times and locations.

Region n TL (cm) W(g) a b r GT K Authors
Min-Max Min-
Max
Chelidonichthys lucerna
Turkey 2 22,3-23,7 [4]
(Iskenderun Bay)
Portugal (Algarve 75 14-34,4 35-368 0,0180 2,798 0,968 A- [12]
Coast)
Portugal (Western 169 13,4-75,1 30,0- 0,028 2,668 0,931 A- [13]
Coast) 2810,0
Turkey 342 8,0-18,7 0,009 2,99 0,98 0,221 [10]
(Iskenderun Bay)
Turkey 224 14,27-41,5 0,009 3,019 0,989 0,863 [23]
(Marmara Sea)
Turkey 262 12,70-32,55 0,005 3,206 0,989 0,106 [24]
(Edremit Bay)
Turkey 546 12-34,4 20,58- 0,005 3,240 0,987 A+ 0,163 [25]
(Aegean Sea) 439,4
Portugal 49 6-32,4 0,00931 3,01 0,961 | [26]
(the Arade
Estuary)
Italy (Adriatic 6616 12,2-37,4 17-425 0,007 3,057 0,967 A+ 0,60-0,70 [14]
Sea)
Turkey 1 828 6640 [27]
(Black Sea-
Trabzon)
United Kingdom 970 0,007 3,10 0,966 A+ 0,25 [28]
(North West
Wales)
Pegusa lascaris
Turkey 1 22,4 [4]
(Iskenderun Bay)
Portugal (Western 22 20,3-33,4 90,0- 0,0070 3,130 0,816 | [13]
Coast) 420,0
Croatia 15 9,8-30,6 0,0082 3,110 0,970 [29]
(Estuarine
Systems)
Portugal 140 3,3-24,2 0,00680 3,20 0,994 A+ [26]
(the Arade
Estuary)
Turkey 93 10,4-22,2 07,01- 0,0024 3,484 0,95 [22]
(Black Sea-Sinop) 110,33
Sparus aurata
Turkey 3 17,8-19,9 [4]
(Iskenderun Bay)
Turkey 21 16,90-32 0,0406 2,679 0,971 A- [30]
(South Coast of
Iskenderun Bay)
Portugal 210 23,5-67 175- 0,0204 2,872 0,957 A- [12]
(Algarve Coast) 3910
Greece 13 5,7-10,9 0,0153 2,996 0,992 [31]
(Northern Aegean
Estuarine System)
Algeria 370 157-610 60-4000 0,0129 3,067 0,92 | 0,513 [32]
Mellah Lagoon
Portugal 99 6,6-37,3 0,01311 3,04 0,996 A+ [26]
(the Arade
Estuary)
Turkey 109 15,7-21,2 62,2- 0,035 2,70 0,86 [33]
(Central Black 136,8
Sea)
Turkey 3 46,2-61,4 1500,6- [34]
(Black Sea-Ordu) 3080,6

The length-weight relationship in fish is affected
by a number of factors including season, habitat,
sexual maturity, diet regimen, health, and
conservation techniques [20]. The condition factor
K was determined as 0,72 for P. lascaris, 2,00 for
S. aurata, and 1,05 for C. lucerna (see Table 1.),
which increases during the reproductive cycle of

the most of species, decreasing during the
spawning season and increasing after that, and
well matched with their reproductive cycle [16].
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Makale Tarihgesi: Doéner tip rejeneratorler, 6zellikle iklimlendirme sistemleri gibi diisiik sicaklik
SZES;?;?;}%i’;gllkz%go uygulamalarinda atik 1sidan enerji geri kazammm igin kullamlmaktadirlar.
Online Yaylhlanma: 2 Mart 2021 Rejeneratoriin 1s1 geri kazanim orani rejenerator etkinligine baglidir. Rejenerator

etkinligi de rejeneratordeki sicaklik dagilimi belirlendikten sonra hesaplanabilir.
Déner tip rejeneratorlerin etkinliginin hesaplanmasi i¢in gelistirilen matematiksel
e T ‘, modellerin ¢6ziim yollarindan biri de sonlu farklar yontemidir. Bu ¢alismada,
Doner tip rejenerator doner tip rejeneratdrlerin analizi icin gelistirilen ve analitik ¢dziimii miimkiin
Sayisal ¢oziim ~ . ;
Sonlu farklar yontemi olmayan diferansiyel denklemlerin ¢6ziimiinden elde edilecek sonuglarin
Adim say1si dogrulugundan emin olabilmek igin, ilgili diferansiyel denklemler 6zel sartlar
altinda, sonlu farklar yontemi ile farkli adim sayilari kullanilarak ¢oziilmiistiir.
Ozel sartlar altinda rejeneratdr diferansiyel denklemlerin analitik ¢dziimii miimkiin
olmakta ve dolayisi ile sayisal ve analitik sonuglar kiyaslanabilmektedir. Bu
caligmada farkli adim sayilar1 kullanilarak elde edilen sayisal sonuglar, analitik
sonuglar ile karsilastirilmig ve rejenerator diferansiyel denklemlerinin ¢6ziimiinde
kullanilabilecek en uygun adim sayilari belirlenmeye calisiimistir.
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Type Regenerators
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Regenerator efficiency can be calculated after determining the temperature
distribution in the regenerator. One of the solutions of the mathematical models

K ds: .. . L

Rﬁﬁrgﬂyj,e regenerator developed to calculate the efficiency of rotary type regenerators is the finite
Numerical solution difference method. In this study, in order to ensure the accuracy of the results to be
Finite difference method obtained from the solution of differential equations, which are developed for the

Number of steps analysis of rotary type regenerators and not possible to solve analytically, the

governing equations are solved under special conditions by using different number
of steps with the finite difference method. Analytical solution of differential
equations of the regenerators is possible under the special conditions, and therefore
numerical and analytical results can be compared. In this study, the numerical
results obtained by using different number of steps are compared with the
analytical results and it is tried to determine the most suitable number of steps to
be used in the solution of differential equations of regenerators.
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1. Giris

Gelisen teknoloji ile birlikte insanlarin konfor
kavramlar1 ve buna bagh talepleri de
degismektedir. Giinimiizde evlerde, isyerlerinde
ve ulasim araglarinda  klima  neredeyse
vazgecilmez bir ihtiya¢ haline gelmistir. Bu
ihtiyacin karsilanmasinda kullanilan enerjinin en
verimli sekilde degerlendirilmesi ve tasarruf
edilmesi, hem maliyetleri diisirmek hem de
mevcut enerji kaynaklarinin gelecek nesillere
aktarilmasini saglamak i¢in onem tagimaktadir.

Atik 1s1 geri kazanim sistemlerinin kullanilmasi
yoluyla bir¢ok alanda enerji tasarrufu saglanmasi
mimkiindiir. Attk 1s1  kaynaklari, sicaklik
degerlerine gore 650°C iizerindeki yiiksek
sicaklikta 1s1 kaynagi, 650°C-120°C arasi orta
sicaklikta 1s1 kaynagir ve 120°C altindaki diisiik
sicaklikta 1s1 kaynagi seklinde smiflandirilabilir
[1]. Bu g¢alismada otel, hastane, alis-veris
merkezleri gibi biiyiik is yerlerindeki merkezi
iklimlendirme sistemlerinde ortaya ¢ikan diisiik
sicakliktaki atik 1s1 kaynaklarindan faydalanilarak
yapilabilecek enerji tasarrufu ele alinacaktir.

Gelismis iilkelerde ticari binalar, tim enerjinin
yaklagik %19'unu tiiketmektedir [2]. Bu enerjinin
de %30’u  iklimlendirme sistemlerinde
kullanilmaktadir [3]. Iklimlendirme sistemlerinde
iklimlendirilen ortamdan alinan kirli havanin
disartya atilarak, yerine konfor sartlarina uygun
hale  getirilmis  taze  havanin  verilmesi
gerekmektedir. Hem yaz hem de kis sartlarinda,
iklimlendirme sisteminde digariya atilan havanin
sicakligi i¢ ortamimn konfor sartlarma daha
yankindir. Disaridan alinan taze havanin yazin
sogutularak kisin da sitilarak i¢ ortama verilmesi
gerekir.

Taze havanin yazin sogutulmasi kisin da 1sitilmasi
isleminde enerji tasarrufu saglamak amaciyla
doner tip rejeneratorler kullanilabilir. Sekil 1°de
doner tip rejeneratore ait bir model goriillmektedir.
Doner tip rejeneratdrlerde matris  olarak
adlandirilan kiitle belirli bir devirde donmekte ve
1s1 bu metal kiitlede depolanmaktadir. Rejenerator
matrisi metalik malzemeden, genellikle de
aliminyumdan imal edilir. Bunun disinda nem
alma ozelligine sahip matris malzemeleri de
kullanilmaktadir. Matrisin bir yarisindan sicak
akigkan, diger yarisindan da soguk akiskan
gecmektedir. Matrisi  olusturan kii¢iik hiicre
kanallar once sicak akiskan bolgesinde kalmakta,
daha sonra soguk akigkan bolgesine gegmektedir.

Boylece matriste depolanan 1s1 periyodik olarak
sicak akiskandan soguk akigkana aktarilmig
olmaktadir. Déner tip rejeneratérlerde nem alma
ozelliginin de bulunabilmesi ve dolayisiyla daha
yiiksek etkinlik degerine ulagilabilmesi nedeniyle
iklimlendirme sistemleri gibi distiik sicaklik
uygulamalarinda tercih edilmektedir [4].
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Sekil 1. Doner tip rejeneratdr

Doner tip rejeneratorler ile ilgili, literatiirde teorik
ve deneysel bir¢ok calisma bulmak miimkiindiir.
Teorik ¢aligmalar da analitik ve sayisal ¢alismalar
olarak gruplandirilabilir. Rejenerator diferansiyel
denklemlerinin analitik ¢6ziimiiniin yapilabilmesi
icin birgok basitlestirici kabullerin yapilmasi
gerekmektedir. Fiziksel modelin, gergek veya
gergege yakin matematiksel modeli
olusturuldugunda ise elde edilen diferansiyel
denklemlerin analitik ~ ¢6zimi  miimkiin
olmamaktadir. Bu tiir diferansiyel denklemlerin
¢Oziimiinde sayisal yontemler kullanilmaktadir.

Rejenerator diferansiyel denklemlerinin sayisal
¢Oziim yoOntemlerinden biri de sonlu farklar
yontemidir. Doner tip nem almali rejeneratorler
icin  basitlestirilmis 1s1  ve kiitle transferi
diferansiyel denklemleri Holmberg [5] tarafindan
sonlu farklar yontemi kullanilarak ¢6ziilmiistiir. Li
[6] tarafindan yapilan c¢alismada da doner tip
rejeneratorlerin - etkinligi  sayisal  yontemler
kullanilarak hesaplanmistir. Burada duvarin akig
yoniindeki 1s1 iletim katsayisi da dikkate alinmis
ve bunun rejeneratdr etkinligini nasil degistirdigi
arastirllmigtir. S0z konusu calismada akiskan ve
duvarin 1s1l Ozelliklerinin sicaklikla degistigi
kabulii ~ yapilarak  rejenerator  diferansiyel
denklemleri ¢oziilmistiir. Doner tip rejenerator
etkinliginin sabit basing kaybi ile degigsiminin
incelendigi bir baska c¢alismada, olusturulan
matematiksel  model  sayisal  yoOntemlerle
¢Oziilmiis, rejeneratoriin akis alan1 oranina gore
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etkinligin bir maksimum degerinin  oldugu
belirlenmistir  [7]. Hesaplamali  akiskanlar
dinamigi yontemi kullanilarak doéner tip
rejenerator etkinliginin hesaplanmasi amaciyla
Kaydan ve Hajidavalloo [8] tarafindan yapilan
calismada, doner tip rejenerator modeli Fluent
ortaminda ¢ozlilmis ve rejeneratordeki akigkan ve
duvar sicakliklart {i¢ boyutlu model iizerinde
gosterilmis, buna bagli olarak rejeneratdr
etkinliginin ¢esitli parametrelere gore degisimi
incelenmigtir. Alhusseny ve Turan [9] ise doner
tip rejeneratorii gozenekli bir yapi olarak ele
almiglar ve {i¢ boyutlu modelini olusturarak
hesaplamali akiskanlar dinamigi yontemi ile
analiz etmislerdir. Baca gazi kiikiirt giderme
iinitesinde kullanilan bir doner tip rejeneratdriin
termal ve akis Ozelliklerini belirlemek amaciyla
hesaplamali akigkanlar dinamigi modeli ise
Ozdemir ve Serincan [10] tarafindan yapilan
caligmada sunulmustur.

Literatirde yer alan ¢alismalarda, rejenerator
diferansiyel  denklemlerinin  sonlu  farklarla
¢ozlimiinde adim sayisinin hangi mertebelerde
olmas1 gerektigi {lizerinde durulmamistir. Bu
calismanin amaci, doner tip rejeneratorler igin
basitlestirici kabuller yapilmadan, fiziki modele
uygun olarak elde edilen  diferansiyel
denklemlerin sonlu farklar yontemi ile ¢dziimiinde
adim sayisinin 6nemini ortaya koymaktir.

2. Matematiksel Model

Doner tip rejeneratorlerin matematiksel modelinin
olusturulmasinda kullanilan birim hacim elemani1
Sekil 2’de, otel ve hastane gibi merkezi
iklimlendirme sistemlerinde uygulanmasi durumu
da sematik olarak Sekil 3’te gosterilmistir.

% 7

Duvar  Quagx —> > Qa+an)
Qagy C—NED — Qa(x+dx)
Akiskan
VA 7 7

dx
Sekil 2. Doner tip rejeneratdr birim hacim elemant

Rejeneratorlerdeki 1s1 transferi gegici rejimde
olmaktadir.  Dolayisiyla rejeneratordeki  1s1
transferinin dogru bir sekilde hesaplanabilmesi

i¢in buna uygun kabullerin yapilmas: gerekir. Bu
calismada doner tip rejeneratér diferansiyel
denklemlerinin  ¢ikarilmasinda, akigkan ve
duvarda akig yoniindeki iletimle 1s1 transferi de
dikkate alinarak, agsagidaki kabuller yapilmistir:

1) Rejeneratoriin @~ dis  ylizeyi  tamamen
yalitilmistir.

2) Rejeneratordeki akigkanin fiziksel ve 1sil
ozellikleri rejenerator boyunca
degismemektedir.

3) Akisa dik yonde duvarin 1sil direnci ihmal
edilmistir.

4) Duvarm 1s1l 6zellikleri sabittir.

5) Bir periyottan digerine gecerken akiskanlar
birbirine karismamaktadir.

6) Soguk ve sicak taraftaki akigkamin 1s1l
kapasiteleri birbirine esittir.

7) Soguk ve sicak tarafta akigkan ile duvar
arasindaki 1s1 transfer katsayisi sabit ve
tiniformdur.

8) Sicak ve soguk periyotlarda rejeneratérden
gecen akigkanin kiitle debisi sabit ve matris
kanalciklarina esit olarak dagilmaktadir.

9) Sicak ve soguk periyotlarda akigskanin
rejeneratore giris sicakligt zamanla
degismemektedir.

Bu kabullere gore elde edilen, rejeneratordeki
akiskan ve duvar sicakliklarini hesaplamaya
yarayan  diferansiyel  denklemleri  analitik
yontemlerle ¢ozmek miimkiin degildir. Bu
denklemlerin ¢o6ziimiinde sayisal yontemlerden
sonlu farklar yontemi kullanilmigtir. Elde edilen
rejenerator  diferansiyel  denklemleri  Once
boyutsuz hale getirilmis daha sonra da denklemler
sonlu farklarla ifade edilmistir. Benzer sekilde
sinir sartlar1 da boyutsuz halde yazilmgtir.

Sekil 2’de goriilen birim hacim elemanina
termodinamigin birinci yasast ve siireklilik
denklemi uygulandiginda, doner tip
rejeneratordeki akiskan ve duvar sicakliklarini
hesaplamaya yarayan diferansiyel denklemler
Es.(1) ve Es.(2)’de gorildiigt gibi olacaktir.

10T; OT; Fo,d°T;

Rat*  9x* R 0x*2

+ Ntu-T; = Ntu-T; (1)

T} 0%T; Ntu Ntu
—&  Foy—24—Ti=—T: 2
at* Toxz ' ocp YT ot @)

Es. (1) ve Es.(2)deki rejenerator genel
diferansiyel denklemlerinde R = oo, Fo, =0 ve
Fos; = 0 olarak alindiginda, analitik ¢ozlimii
mimkiin  olan  basitlestirilmis  diferansiyel
denklemler elde edilir.
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Sekil 3. Déner tip rejeneratoriin merkezi klima sisteminde kullanimi

R =00, Fo, =0 ve Fog; = 0Osartlann alt1 elde
edilen basitlestirilmis, analitik ¢oziimii miimkiin
olan rejenerator diferansiyel denklemlerini Es.(3)
ve Es.(4)’te goruldiigi gibi yazmak miimkiindiir.

1 0T;

- — * _ mx 3

Ntu dx* Ta—Ta @)
C: aT;

_ — * * 4
Ntu ot* Ta—Ta @

Es.(1) ve Es.(2)’deki boyutsuz parametreler
Es.(5)-(13)’te goriildiigl gibi tanimlanmustir.

Fo, = (adto)/LZ (12)

Cr = (paAaCyl)/(MCp,to) (13)
Matematiksel modelin olusturulmasi ve boyutsuz
parametrelerle ifade edilmesinde Unal [11]
tarafindan yapilan c¢aligma referans olarak
almmugtir. Esitliklerde boyutsuz parametreler t*
zamani, x* uzunlugu, T, akiskan sicakhigini, Ty
duvar sicakligini, R debi oranini, Ntu transfer
birimi sayisini, Fo, akigkan i¢in Fourier sayisini,
Fog duvar i¢in Fourier sayisin1 ve C;- 1s1l kapasite
oranini ifade etmektedir.

rejeneratorde akiskan ve duvar
sicakliklarint hesaplamak i¢in Es.(1) ve Es.(2) ile
verilen rejenerator diferansiyel denklemlerinin
sonlu farklarla yazilmis hali Es.(14) ve Es.(15)’te
verilmistir. Akiskan ve duvar igin verilen sinir
sartlar1 da sonlu farklarla ifade edildikten sonra
olusan denklem takimlar1 ¢oziilerek akiskan ve
duvar sicakliklar1 hesaplanmustir.

t'=t/to (®) Doner tip
x*=x/L (6)
Te = (Ta = Tomin)/ (Tymax = Tgmin) (7)
T = (Ta = Tymin)/ (Tgmax — Tgmin) (8)
= (mt)/(paAal) ©)
Ntu = (aF)/(mCpq) (10)
Fog = (agte)/L? (11)
l(Ti(i,jﬂ) - 5(1‘J>> ([ arn+n) + Tarp] — [Tagoaen + Tago1,]
R At* 4Ax*

Foa [ a(i+1,j+1) + T, a(i+1, ])] [
R
+ New (Ta(i.j+1>2+ Tq (u))

l

2Ax*2
Taj+n T;(i,j))
2

aii+0 T Tawpl + [Tagorjen) + Tag- 11)]) (14)
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2[Taajeny + Taapl + [Tac-vjen + Tag-1p)

Taqj+1 ~ Tag))
(5
Ntu
<
3. Bulgular ve Tartismalar

<T5(i,j+1) + Tae))
2

)

Birgok  matematiksel modelin  ¢Ozlimiinde
kullanilan sonlu farklar yoOnteminde, dogru
sonuglarin elde edilmesi bakimindan adim
sayisinin ~ 6nemi  oldukca  fazladir. Bazi

problemlerin ¢oztimiinde kiigiik adim sayisi ile
hassas sonuglar elde edilebilmesine ragmen, bazi
durumlarda da adim sayisini ¢ok fazla artirmak
gerekmektedir. Bu ¢alismada Es. (3) ve Es.(4) ile
verilen diferansiyel denklemler R = o, Fo, =0
ve Foz; =0 o0zel sartlarnn altinda ¢esitli adim
sayilar1 kullanilarak ¢oziilmiistiir. Belirtilen 6zel
sartlar  altinda elde edilen diferansiyel
denklemlerin  analitik  ¢6ziimii ~ mimkiin
olmaktadir ve dolayist ile analitik ¢oziim ile
sayisal ¢oOziim sonuglarini kiyaslama imkani
dogmaktadir.

Bu c¢alismada rejeneratér uzunlugunun 200 mm ve
rejeneratoriin 3 dev/dak ile dondiigii, dolayisi ile
bir tam turun 20 saniyede tamamlandigi kabul
edilmistir. Rejeneratdriin yaz doneminde calistig1
ve buna gore de i¢ ortamdan rejeneratore giren
soguk hava sicakligmin en diisiik Ty, = 25 °C
ve dis ortamdan rejeneratdre giren sicak hava
sicakligmin en yiiksek Tgqx = 45 °C olabilecegi
varsayllmistir. Literatiirde yer alana analitik
sonuclarla kiyaslama yapilabilmesi i¢in de 1s1l
kapasite oran1 C, = 0,5 olarak alinmistir.

Doner tip rejenerator diferansiyel denklemlerinin
sonlu farklar yontemi kullanilarak ¢oziilmesi ve
bu ¢oziim sonucunda dogru sonuglarin elde
edilebilmesi i¢cin en uygun adim sayilariin
belirlenmesi  gerekmektedir.  Tiim  sayisal
yontemlerde oldugu gibi, sonlu farklar yontemi
kullanilarak elde edilen sonuglarin miimkiinse
analitik veya deneysel sonuclarla kiyaslanarak
dogrulanmast  gerekmektedir. Doéner  tip
rejeneratorlerde bu kiyaslama islemi, elde edilen
sicaklik dagilimi degerleri kullanilarak hesaplanan
rejeneratOr etkinlik degerine bakilarak yapilabilir.

Rejeneratordeki sicaklik dagilimi belirlendikten
sonra, rejenerator ¢ikisindaki sicakliklarin zamana
gore ortalamasi alinarak rejeneratdr etkinligi
hesaplanabilir. Rejenerator etkinligi, rejeneratorde
bir akiskandan digerine gergekte transfer edilen
s (Q), rejeneratdr 1s1 transfer yiizey alaninin
sonsuz olmasi durumunda transfer edilebilecek
maksimum 1s1ya (Qmax) orani olarak tanimlanir.

Ntu
C

Tieivt iy ¥ Tacivrinl —
)—Fod [d(1+1,]+1) d(L+1.})]

[

2Ax*2 ) ) (15)

Tagj+v + Tagip
2
Rejenerator etkinliginin hesaplanmasinda Es. (16)
kullanilabilir.
&= Q/ Qmax (16)
Sicak akiskandan rejenerator matrisine gergekte
transfer edilen 1s1 Es. (17) ve transfer edilebilecek
maksimum 1s1 da Es. (18) ile bulunabilir.

Q = mlp, (Tgmax - Tg) (17)

Qmax = MCPa(Tymax — Tgmin) (18)
Buna gore rejenerator etkinligi de Es. (19)’dan
hesaplanabilir.

e=1-T; (19)
Burada rejenerator ¢ikisindaki akiskan

sicakliginin zamana gore ortalama degeri ise
Es.(20)’de goriildiigii gibi hesaplanabilir.

1

t*=0,5
» f T vanpdt’ (20)
t*=0

I’ =

Bu c¢alismada Es. (5) ve Es.(6) ile ifade edilen
boyutsuz zaman (t*) ve boyutsuz uzunluk (x*)
degerleri sirasiyla M ve N adet parcaya boliinerek
rejenerator diferansiyel denklemleri ¢6zllmiis,
elde edilen sicaklik degerleri kullanilarak da
rejenerator etkinligi hesaplanmstir.

Akagkan Sicakh@

45

Sicaklik (° C)

10 100

15

Zaman (s) Uzunluk (mm)

20 0
a) N=20, M=200
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Akigkan Sicakh@ 45

Sicaklik (° C)
9

Zaman (s) 50 o Uzunluk (mm)

b) N=100, M=1000
Sekil 4. Akiskan sicakliginin zamanla ve rejenerator
uzunlugu boyunca degisimi

Sekil 4a ve 4b’de, C; = 0,5 ve Ntu = 2 i¢in elde
edilen akiskan sicakliginin zamanla ve rejenerator
boyunca  degisimi {i¢  boyutlu  olarak
goriilmektedir. Sekil 4a’da N=20 ve M=200
olmasi durumunda elde edilen sicaklik dagilimi,
Sekil 4b’de ise N=100 ve M=1000 olmasi
durumunda, yani bu ¢aligmada kullanilan en
diisiik ve en yiiksek ag yapisina gore elde edilen
sicaklik dagilimlart goriilmektedir. Sekillerden de
anlasilacagi gibi, N=100 ve M=1000 durumunda
elde edilen sicaklik dagilimi ¢ok daha diizgiin,
buna gore hesaplanan rejeneratdr etkinlik degeri
de analitik sonuca daha yakin olmaktadir.

Akiskan Sicakhg
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Sekil 5. Rejenerator giris ve ¢ikisinda akiskan
sicakligimin zamanla degisimi (N=20, M=200)

Sekil 5°te ise sicak ve soguk akigkanin rejenerator
giris ve c¢ikisindaki sicakliklarinin  zamanla
degisimi  goriilmektedir. Burada rejenerator
uzunlugu boyunca adim sayisinin N=20 ve zaman
boyutundaki adim sayisinin  M=200 olmasi
durumundaki ~ sicaklik  dagilimi  verilmistir.
Sekildeki L=0 mm sicak periyot i¢in rejeneratdr
girigini, soguk periyot i¢in ise rejenerator ¢ikigini
ifade etmektedir. L=200 mm ise sicak periyot i¢in
rejeneratdr ¢ikisi, soguk periyot icin rejeneratdr
girisi anlamini tagimaktadir. Sicak akigkan, yani
yaz calisma kosullarina gore diisiiniildiigiinde dis

ortam havasi, periyodun ilk yarisinda 10 saniye
stiresince rejeneratdre 45°C sicaklikta girmekte ve
rejeneratorden  ortalama  35,72°C  sicaklikta
cikmaktadir. Soguk akiskan ise, yani yaz ¢aligma
kosullarina gore i¢c ortam havasi, rejeneratdre
25°C sicaklikta girmekte ve rejeneratdrden
ortalama 34,25°C sicaklikta ¢ikmaktadir. Sicaklik
dagilimina bakildiginda periyotlar arasi gecis
bolgelerinde dalgalanmalar oldugu goriilmektedir.
Elde edilen sicaklik dagilimma gore rejenerator
etkinligi & =0,4637 olarak hesaplanmistir.
Analitik olarak elde edilen etkinlik degeri ile
sayisal sonu¢ arasinda %0,49 fark ortaya
cikmaktadir.

Sekil 6’da yine sicak ve soguk akigskanin
rejenerator giris ve ¢ikisindaki sicakliklarinin
zamanla degisimi verilmistir. Burada rejenerator
uzunlugu boyunca adim sayist N=100 ve zaman
boyutundaki adim sayis1 M=200 olarak alinmustir.
Rejeneratér uzunlugu boyunca adim sayist artmis
olmasina  ragmen  sicaklik  dagilimindaki
dalgalanmalar da artmis; sicak periyottaki akiskan
cikis sicakligi ortalama 35,58°C ve soguk periyot
bolgesindeki akigkanin ¢ikis sicakligi ise ortalama
34,42°C olmustur. Rejenerator etkinligi de € =
0,4709 ve analitik deger ile arasindaki bagil hata -
%1,05 olarak hesaplanmigtir. Adim sayisinin
artmasi nedeniyle daha iyi bir sonug beklenir iken,
adim sayisi N=20’ye gore adim sayist N=100
oldugunda bagil hata oram artmistir. Buradan da
goriilecegi gibi sayisal yontemlerde elde edilen
sonuglarin her zaman dogru sonuc¢ olarak
yorumlanmamasi, bunlarin analitik veya deneysel

sonuglarla  kiyaslanmasi  gerektigi  ortaya
¢ikmaktadir.
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Sekil 6. Rejenerator giris ve gikisinda akigkan

sicakliginin zamanla degigsimi (N=100, M=200)
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Sekil 7. Rejenerator giris ve ¢ikisinda akiskan
sicakliginin zamanla degisimi (N=100, M=1000)

Sekil 7’de bu kez adim sayilar1 N=100 ve
M=1000 olmasi durumunda rejenerator ¢ikiginda
elde edilen sicaklik dagilimi verilmistir. Bu sartlar
altinda sicak periyottaki akiskan cikis sicakligi
ortalama 35,67°C ve soguk periyot bolgesindeki
akigkanin ¢ikig sicakligi ise ortalama 34,33°C,
rejeneratér etkinligi € = 0,4666 ve analitik
sonuca gore arasindaki bagil hata ise -%0,13
olarak hesaplanmigtir. N=100 ve M=1000 olmasi
durumunda, sicaklik dagilimin oldukga diizgiin ve
hesaplanan rejenerator etkinlik degeri analitik
sonuglara ¢ok daha yakin olmaktadir.

Doner tip rejenerator diferansiyel denklemlerinin
C; =05 R=o, Fo, =0 ve Foz; =0 sartlan
altinda analitik olarak ¢oziilmesi ile elde edilen
rejenerator etkinlik degerleri Tablo 1’de Ntu=2,
Ntu=4 ve Ntu=8 i¢in ayr1 ayr1 verilmistir. Ayni
tabloda rejenerator uzunlugunu ifade eden x*’in N
adet pargaya ve rejeneratoriin bir tur donmesine
karsilik gelen boyutsuz zaman ifadesi t*’in da M
adet pargaya boliinmesi durumunda elde edilen
rejenerator etkinlik degerleri ve bu degerlerin
analitik  sonuglarla  karsilastirilmast  sonucu
hesaplanan bagil hata (B.H.) degerleri de
goriilmektedir. Bu tabloya goére aym adim
sayisinda, Ornegin N=20 ve M=1000 olmas1
durumunda, bagil hata degerleri Ntu=2, 4 ve 8 i¢in
sirastyla +%0,92, +%1,10 ve +%0,85 olarak
hesaplanmistir. Buna kargilik N=100 ve M=1000
olmast durumunda ise, yine Ntu=2, 4 ve 8 igin
bagil hata degerleri sirasiyla -%0,13, +%0,10 ve
+%0,08 olarak bulunmustur. Goriildiigii gibi adim
sayisina gore etkinlik degerleri de farkli farkli
olmaktadir.

Transfer birim sayis1 Ntu=2, 4 ve 8 icin elde
edilen bagil hata degerlerinin farkli adim
sayilarina bagli olarak degisimi Sekil 8’de
goriildiigi gibidir. Sekil 8a’da Ntu=2 igin elde

edilen gore, rejeneratér etkinligi N=35 ve M=200
olmasi durumunda yani ¢ok disik adim
sayilarinda dahi analitik sonuca olduke¢a yakin bir
sonucun elde edilebilecegi goriilmektedir. Ancak
bu sonu¢ c¢ok kisith bir alanda elde
edilebilmektedir. Rejenerator etkinligine ait bagil
hatanin £%0,2 oldugu bolgenin N>50 ve M>500
oldugu daha genis bir bolgeye karsilik geldigi
goriilmektedir. Sekil 8b ve 8c’deki Ntu=4 ve 8
icin verilen grafiklerde ise adim sayisinin N>70
ve M>400 olmas1 durumunda bagil hatanin £%0,2
olabilecegi goriilmektedir. Rejenerator
diferansiyel  denklemlerinin  sonlu farklarla
ifadesinde, t*’a bagl tiirevlerin hata mertebesi
At*, buna karsilik x*’a bagl tiirev ifadelerinin ise
hata mertebesi Ax*? seviyesindedir. Buna bagl
olarak t* yoniindeki adim sayisinin x* yoniindeki
adim sayisina gore fazla olmasi gerekmektedir.
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Sekil 8. Rejenerator etkinligine ait bagil hata oraninin
adim sayilarina gore degisimi
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Sonu¢ olarak, bu calismada analitik ¢oziimii

miimkiin  olmayan rejenerator  diferansiyel
denklemleri  sonlu  farklar  yontemi ile
¢oOziilmiistiir. Ozel sartlar altinda rejenerator

diferansiyel denklemlerinin analitik ¢oziimii
mevcuttur. Bu ¢alismada da goriildiigl gibi, doner
tip rejenerator diferansiyel denklemlerin sayisal
yontemlerle ¢oziimiinden elde edilen sonuglarin
dogrulugundan emin olabilmek i¢in, sonuglarin

analitik veya deneysel sonuglarla kiyaslanmasi
gerekmektedir. Buna gore de sayisal ¢oziimde
kullanilmas1 gereken en dogru adim sayisi
belirlenmelidir. ~ Bu  ¢aligmada  kullanilan
matematiksel model icin N=100 ve M=1000
olmasi durumunda olduk¢a giivenilir sonuglar
elde edilebilecegini sdylemek miimkiindiir.

Tablo 1. Doner tip rejenerator etkinligin adim sayist ile degisimi

Ntu=2
£=10,466[12]
M

£=0,601[12]

Ntu=4 Ntu=8
£=0,709 [12]

M M

200

400

800

1000

200

400

800

1000

200

400

800

1000

20

40

80

100

B.H.

B.H.

B.H.

B.H.

0,4637
%0,49
0,4685
-%0,54
0,4706
-%0,99
0,4709
-%1,05

0,4622
%0,82
0,4654
%0,13
0,4669
-%0,19
0,4673
-%0,28

0,4618
%0,90
0,4649
%0,24
0,4664
-%0,09
0,4667
-9%60,15

0,4617
90,92
0,4648
90,26
0,4663
-%0,06
0,4666
-%0,13

0,5966
%0,73
0,6031
-%0,35
0,6069
-%0,98
0,6075
-%1,08

0,5950
%1,00
0,5988
%0,37
0,6007
%0,05
0,6013
-%0,05

0,5945
%1,08
0,5983
%0,45
0,6001
%0,15
0,6005
%0,08

0,5944
%1,10
0,5982
%0,47
0,6001
%0,15
0,6004
90,10

0,7053
%0,52
0,7117
-%0,38
0,7173
-%1,17
0,7185
-%1,34

0,7035
%0,78
0,707
%0,28
0,7086
%0,06
0,7092
-%0,03

0,7031
%0,83
0,7065
%0,35
0,7082
%0,11
0,7085
%0,07

0,7030
%0,85
0,7064
%0,37
0,7081
%0,13
0,7084
%0,08

Arastirmacilarin Katki Orani Beyam

Aragtiricinin katki orani %100’ djir.

Catisma Beyam

Yazar, bu yazida bildirilen ¢aligmay1 etkilemis
herhangi bir kisisel ve/veya mali ¢ikar gatigmasi
olmadigini beyan etmektedir.
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Bu c¢alismada, Osmaniye ili- Hasanbeyli mevkiide bulunan Armillaria mellea
(Physalacriaceae) ve Tricholoma cedretorum (Tricholomataceae) mantarlarinin
yetistigi topraklar ile bu topraklara farkli oranlarda ilave edilen (toprak karbonuna
esdeger 1/1X, 1/2X ve 1/4X oranda) mantarlarin toprak karbon mineralizasyonuna
etkileri incelenmistir. Bu amacla, A. mellea ve T. cedretorum mantarlar ile
yetistigi topraklarin bazi fiziksel ve kimyasal 6zellikleri belirlenerek bu topraklarin
42 giinlik karbon mineralizasyonu CO; respirasyonuna gore incelenmistir.
Topraklara ayri ayr karigtirilan toprak karbonuna esdeger 1/1X, 1/2X ve 1/4X
oraninda karbonlu mantar ilaveleri her iki toprakta mikroorganizma faaliyetini
arttirmigtir.  A. mellea mantar1 karigtinlan toprakta daha yiiksek karbon
mineralizasyonu gozlenmis olup T. cedretorum topragi ile arasinda anlamli fark
bulunmamistir (P>0,05). Bunun yaninda her iki mantarm farkli dozlarinin da (1/1
X, 1/2X ve 1/4X) topraklara ilavesinde kendi aralarinda anlamli farklar
yaratmadigi saptanmugtir. A. mellea mantarmin kontrol topragi ile yine farkli
dozlarda A. mellea mantar ilavelerinin yapildig1 topraklarda daha yiiksek karbon
mineralizasyon oranit gozlenmis olup, T. cedretorum uygulamalari arasinda
istatistiksel olarak anlamli farklar bulunmustur (P<0,05). Bu ¢alisma bulgularindan
elde edilen sonuglara gére mikroorganizmalarin mantar ilavelerini karbon kaynagi
olarak kullandiklari saptanmstir.

Carbon Mineralization in Soils with Different Doses of Armillaria mellea and Tricholoma cedretorum

mushrooms
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In this study, the soils where Armillaria mellea (Physalacriaceae) and Tricholoma
cedretorum (Tricholomataceae) mushrooms grow in the Osmaniye-Hasanbeyli
region and the effects of mushrooms added to these soils at different rates (1/1X,
1/2X and 1/4X ratio equivalent to soil carbon) on soil carbon mineralization were
investigated. For this purpose, some physical and chemical properties of A. mellea
and T. cedretorum mushrooms and the soils where they grow were determined and
42-day carbon mineralization of these soils was examined by CO; respiration.
Addition of equal (1/1X), half (1/2X) and quarter (1/4X) amounts of soil carbon
containing mushrooms to both soils separately increased microorganism activity.
Higher carbon mineralization was observed in the soil mixed with A. mellea
mushroom and no significant difference was found between T. cedretorum soil
(P>0,05). In addition, it was found that the addition of different doses (1/1X, 1/2X
and 1/4X) of both mushrooms to the soil did not make a significant difference
between them. A higher carbon mineralization rate was observed in control soil of
A. mellea mushroom and soils where A. mellea mushroom was added in different
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doses and statistically significant differences were found between T. cedretorum
applications (P<0,05). Based on the results obtained from the findings of this
study, it was determined that microorganisms use mushrooms as a carbon source.

To Cite: Celik SSY., Sagliker HA., Kizildag N. Armillaria mellea ve Tricholoma cedretorum Mantarlarinin Farkli Dozlarmim Ilave
Edildigi Topraklarda Karbon Mineralizasyonu. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 74-79.

1. Giris

Toprak organik maddesinin (TOM) korunmasi,
ayrismast ve topraklara karistirilan ilave dengesi
stirdiiriilebilir toprak yonetiminde 6nemli bir yere
sahiptir [1]. Yesil giibreleme, ahir giibresi,
kompost ve biyokdmiir gibi uygulamalar
topraklarda var olan organik  maddenin
arttirilmasina yonelik calismalardir. Bu
uygulamalarin bir kismi topraga dogrudan besin
elementi katkis1 saglarken, bir kismi da
topraklarin  fiziksel, kimyasal ve biyolojik
Ozelliklerini iyilestirici etkide bulunmaktadir
[2,3]. Topraga ilave edilen organik madde
kaynaklariin kalitesi, uygulama ile doz miktarlari
ve ayrisma dereceleri topraktaki organik maddeyi
arttirmak amaciyla son derece Onemli bir yer
tutmaktadir.

TOM bilesenlerinden biri olarak toprakta
indiiklenen karbonun toplami olarak bilinen
toprak organik karbonu (TOK), toprak yasaminin
en temel Ol¢iitiidiir. Temel olarak TOK, bitki ve
hayvan kalintilari, oli ve yasayan
mikroorganizmalar, kok sizintilar1 ve toprak
biyotasinin ¢oziilmesi ve ¢iirlimesiyle topraga
girmektedir [4].

Hem aerobik hem de anaerobik kosullarda
mikroorganizmalar araciligi ile topraktan CO.
cikist olarak bilinen toprak karbon
mineralizasyonu [5]; ekosistem  verimliligi,
surdiriilebilirligi ve wuzun vadeli karbon
sekestrasyonunda 6nemli rol oynamaktadir [6,7].
Topraktan atmosfere salinan CO; miktari, topraga
ilave edilen organik maddelerin kalitesi, kantitesi
ve C/N oranindan oldukc¢a fazla etkilenmektedir
[8,9]. Bitkisel karbon kaynag: ilaveleri TOM
ayrisma hizimi degistirebilmektedir [10]. Yiiksek
C/N orani igeren organik materyallerin ayrigmasi
icin toprakta yasayan mikroorganizmalar, ayrisma
icin daha uzun siireye ihtiya¢ duymaktadir [11].

Bu c¢alismanin amaci, Osmaniye ili- Hasanbeyli
mevkiide bulunan Armillaria mellea
(Physalacriaceae) ve Tricholoma cedretorum
(Tricholomataceae) mantarlarinin yetistigi
topraklar ile bu topraklara farkli oranlarda ilave
edilen (toprak karbonuna esdeger 1/1X, 1/2X ve

1/4X) mantarlarin toprak karbon
mineralizasyonuna etkilerini belirlemektir.

2. Materyal ve Metot

Bu c¢aligma i¢in, Dogu Akdeniz Bolgesinde
Osmaniye ili-Hasanbeyli mevkisi 6rneklik alan
olarak secilmistir. Osmaniye’de, Akdeniz iklim
kosullar1 hakim olup yazlar1 sicak ve kurak, kiglar
ik ve yagishdir. Ortalama ve en yiiksek
sicakliklar sirastyla 18,2 °C ve 42,8 °C iken, yagis
stiresi kis ve sonbahar aylarinda diger aylardan
daha fazla olup yillik ortalama yagis miktar1 767,6
mm’dir [12].
Osmaniye-Hasanbeyli mevkiiden toplanan
Armillaria  mellea  (Physalacriaceae)  ve
Tricholoma  cedretorum  (Tricholomataceae)
mantarlar1 ile bu mantarlarin yetistigi 0-10 cm
derinligindeki topraklar1 arastirma materyalini
olugturmaktadir. Topraklar laboratuvarda
kurutulup 2 mm’lik elekle elenmis, mantarlar ise
dogada o6rneklendikten sonra laboratuvara getirilip
70°C’de  kurutularak analizlere hazir hale
getirilmigtir. Topraklarin biinye tipi hidrometre
yontemi ile [13], toprak pH’s1 1:2,5°lik toprak su
karisiminda pH metre (InoLab) ile [14], kireg
icerigi (%) kalsimetre (Scheibler) ile [15], tarla
kapasitesi (TK, %) 1/3 atmosferlik basingli vakum
pompasi ile belirlenmistir [16]. Topraklarin ve
mantarlarin C igerigi (%C) Anne metodu [17],
toplam N icerigi ise (%N) Kjeldahl metoduna
gore yapilmistir.

Armillaria mellea ve Tricholoma cedretorum
mantarlarimin ~ yetistigi  topraklar ile toprak
karbonuna gore farkli oranlarda (1/1X, 1/2X ve
1/4X) Armillaria ve Tricholoma mantarlarinin
karistirlldigi topraklarin karbon mineralizasyonu
CO; respirasyonu yontemine gore kontrollii
kosullar altinda 28°C de 42 giin boyunca
incelenmistir [18].

Farkli oranlarda Armillaria ve Tricholoma
mantarlart  karistirilan  topraklar 750 mL’lik
inkiibasyon kavanozlarina aktarildiktan sonra tarla
kapasitelerinin %80’ine kadar nemlendirilmistir.
Iginde 40 mL Ba(OH), bulunan beher inkiibasyon
kavanozuna yerlestirildikten sonra kavanozun
kapag1 kapatilarak 28°C’ye ayarlanmig inkiibatore
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yerlestirilmistir. Mikrobiyal oksidasyon sonucu
ortaya ¢ikan CO; gazi karbonu, 100 g kuru
toprakta mg olarak ifade edilmistir [mg
C(CO)/100 g kuru toprak]. Herhangi bir mantar
ilavesinin  yapilmadigr  topraklar,  kontrol
topraklar1 olarak ifade edilmistir. Karbon
mineralizasyon oranlar1 42 giinliik inkiibasyon
periyodunda  iretilmis  kimilatif  C(COy)
degerlerinin toplam organik karbona boéliinmesi
ile hesaplanmustir.

Arastirma verilerinin istatistiksel analizi SPSS
paket programu ile yapilmistir. Iki farkli mantarin
ve topraklarmin baz1 fiziksel ve kimyasal
ozellikleri  ile  karbon  mineralizasyonlari
arasindaki kiyaslamalarda Varyans analizi (One
Way Anova) ve Tukey HSD testi kullanilmigtir
[19]. Elde edilen ii¢ tekrarli veriler gizelge ve
sekillerde ortalama + standart hata seklinde ifade
edilmistir. Karsilagtirmalarda 6nem diizeyi P<0,05
olarak alinmugtir.

3. Bulgular ve Tartisma

Armillaria mellea ile Tricholoma cedretorum
mantarlar1 ve bu mantarlarin yetistigi topraklarin
baz1 kimyasal analiz sonuglar istatistiksel olarak
degerlendirilmis, ortalama ve standart hata
degerleri hesaplanmis, Tablo 1’ de verilmistir.

Her iki mantarin yetistigi topraklar kumlu killi
bulunmustur. Kum, kil ve silt igerikleri agisindan
topraklar arasinda anlamli fark gdzlenmemistir.
Topraklarin  tarla kapasiteleri (%) arasinda
istatistiksel olarak P<0,05 diizeyinde anlamli bir
fark gozlenmistir. Her iki toprak hafif bazik olup
pH’lar1 arasinda anlamli fark saptanmamistir
(P>0,05). Armillaria (%3,65) ve Tricholoma
(%6,45) topraklarinin karbon igerikleri agisindan,
varyans analizi sonucunda anlamli  fark
bulunmustur (P= 0,023). Aymi sekilde her iki
topragin azot igerikleri degerlendirildiginde
aralarinda istatistiksel olarak anlamli fark oldugu
gozlenmistir (P<0,001). En yiliksek C/N orani,
Armillaria mantarinin yetistigi toprakta saptanmis
olup Tricholoma mantarinin yetistigi toprak ile
arasinda anlamli fark bulunmustur (P<0,05).
Topraklarin K ve Mg igerikleri
degerlendirildiginde; en yiiksek K ve Mg, yine
Armillaria mantarinin yetistigi toprakta bulunmus
olup Tricholoma toprag: ile arasinda istatistiksel
olarak fark gézlenmemistir. Mantarlarin karbon ve
azot igerikleri en yiiksek Armillaria mantarinda
belirlenmis olup Tricholoma mantari ile aralarinda
fark saptanmamustir (Tablo 1).

Tablo 1. Armillaria mellea ve Tricholoma cedretorum
mantarlarinin ve topraklarinin bazi kimyasal analizleri

(n=3)
P
Armillaria Tricholoma
Kum
(%) 90,04 + 0,12 86,33 + 0,85 0,013
Silt (%) 0,73 + 0,27 3,13 + 0,35 0.006
Kil (%) 923 + 0,29 1053 + 0,55 0103
Tekstiir tipi Kumlu T (SL)
Tarla
kapasitesi 37,43 + 1,27 28,83 + 0,26 0.018
(%) ’
H 795 <+ 006 7,60 =+ 0,13
< P 0,064
5
[ 0
CaCOs (%) 071 + 001 041 =+ 0,01 0.000
0,
C (%) 365 + 071 645 =+ 0,32 0023
0,
N (%) 020 + 0,01 039 <+ 0,01 0,000
-1
K (mgkg?') 003 =+ 0,00 0,02 =+ 0,00 0,261
Mg (mg kg
1 0,23 + 0,00 0,14 =+ 0,00 0,000
+
C/N 18,19 2,69 1651 + 0,40 0,598
5 C) 31,06 + 1,06 27,31 + 177 0,144
c
©
= 0
N (%) 252 + 007 223 =+ 0,08 0.061

Kumulatif ~ karbon  mineralizasyonu  [mg
C(C0O,)/100g kuru toprak] Armillaria mantarinin
1/1X uygulamasinda en yiiksek iken (53,63 mg
C), 1/4X uygulamasinda en diisiik (48,98 mg C)
bulunmustur (Sekil 1).
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Sekil 1. Armillaria mellea mantarlarinin yetistigi
topraklarin 42 giinliik kiimiilatif karbon
mineralizasyonu [mg C(C0,)/100 g Toprak] (n=3,
ortalama + standart hata)

Buna karsin Tricholoma mantarinin uygulamalari
kendi icinde degerlendirildiginde en yiiksek 1/4X
oraninda mantar karistirilan uygulamada (51,85
mg C) iken, en disiik Tricholoma’ nin kontrol
topraginda (41,27 mg C) gerceklesmistir (Sekil 2).
Armillaria mantarinin yetistigi kontrol topraginda
50,94 mg iken, Tricholoma’nin yetistigi kontrol
topraginda ise 41,27 mg olmus ve iki mantar
toprag1 arasinda anlamli fark bulunmamistir
(P>0,05). Bunun yaninda her iki mantarin farkli
dozlarinin (1/1X, 1/2X ve 1/4X) topraklara
ilavesinde de kendi aralarinda anlamli farklar
olmadigr saptanmistir. Her iki mantarin tiim
uygulamalar1 degerlendirildiginde hem kontrol
hem de doz ilavelerinde ilk 3 giinde kolay
ayrigabilen organik maddelerin,
mikroorganizmalar tarafindan hizli bir sekilde
tilketildigi gdzlenmistir.

60
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Sekil 2. Tricholoma cedretorum mantarlarinin yetistigi
topraklarin 42 giinliik kiimiilatif karbon
mineralizasyonu [mg C(C0,)/100 g Toprak] (n=3,
ortalama + standart hata)

Karbon mineralizasyon oranlari, en yliksek
Armillaria mantarinin yetistigi kontrol topragi ile
yine farkli dozlarda Armillaria mantar ilavelerinin
yapildig1 topraklarda gergeklesmistir (Sekil 3).
Tim uygulamalar incelendiginde, en yiiksek
karbon mineralizasyon orami 1/1X Armillaria
mantar1 karistirtlmis toprakta olurken en diisiik ise
Tricholoma  mantariin  yetistigi ~ kontrol
topraklarinda  gerceklesmis olup aralarinda
anlamli fark bulunmustur (P<0,05). Armillaria
mantart karigtinllmig topraklarda doz arttikca
karbon mineralizasyon oranlari azalmis buna
karsin Tricholoma mantari karigtirilan topraklarda
ise tam tersi bir durum meydana gelmistir. Her iki
mantarin artan dozlar kendi i¢lerinde (1/1X, 1/2X
ve 1/4X) degerlendirildiginde istatistiksel anlamda
aralarinda anlamli fark gézlenmemistir.

C mineralizasyon orani (%)

0,00

ROV nx n¥ A% pOb s n* 58
‘N_\LON“" ARMAT (gt p\‘&\"‘_t_\uy,o‘-““{ AR AT g
AR '

Sekil 3. Armillaria mellea ve Tricholoma cedretorum
mantarlarmin yetistigi topraklarin 42 giinliik karbon
mineralizasyon oranlar1 (%, N=3, ortalama + standart
hata)

Armillaria mantarinin yetistigi topragin C/N orani
(18,19), Tricholoma  mantarimin  yetistigi
topraklardan (16,51) daha yiiksek bulunmustur.
Kizildag ve ark. [3], organik maddenin miktart,
kalitesi, disaridan ilave edilen organik kaynagin
C/N  oranmm  toprak  organik  madde
mineralizasyonunda Onemli bir rol oynadigim
rapor etmislerdir. Bu ¢alismada, Armillaria
topraklarinda tiim uygulamalarda 42 giinliik
karbon mineralizasyonu, Tricholoma
topraklarindan daha yiiksek olmustur. Bu durum
Armillaria mantarinin yetistigi topraklarin ve
ilave edilen mantarin C/N oram ile aciklanabilir.
Mantarlarin  ekolojik ve ekonomik anlamda
onemli bir role sahip olduklar bilinmektedir
[20,21]. Karasal ekosistemlerde mikro mantarlar,
organik maddeyi ayristirarak karbon ve azot
dongiisiinde ¢ok bilyiik rol oynamaktadirlar [22].
Buna karsin literatiirde, makro mantarlarin iklim
ve besin elementi igerikleri gibi abiyotik faktdrleri
calisilmig olmasma ragmen, biyotik etkilesimler
ozellikle de mikrobiyal etkilesimleri ile ilgili
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calismalar oldukga sinirlidir [23]. Bunun yaninda
mikrobiyal etkilesimlerin bir gostergesi olarak
bilinen  toprak  karbon  mineralizasyonuna
mantarlarin olas1 etkileri ile ilgili herhangi bir
calismaya rastlanmamistir. Bu baglamda bu
calisma ilk kez yapilmasi bakimimdan 6zgiin bir
degere sahiptir. Bu calismada, farkli dozlarda
Armillaria mantar1 topraklara karistirildiginda
mikroorganizma faaliyetinin  mantar ilavesi
olmayan kontrol topraklarna gore daha diisiik
ciktig1 gézlenmistir.

Seskiterpen aril esterler, Armillaria mantar
cinsinin sekonder metobolitlerinin ana grubunu
olusturmaktadir [24]. Bu ester gruplarindan
Melleolide-K, Melleolide-L ve Melleolide-M
esterlerinin ise antibakteriyel ve antifungal etki
gosterdigi  bilinmektedir [25]. Mikroorganizma
faaliyetindeki mantar ilaveli diisiisiin nedeninin
Armillaria mantarinin yapisinda bulunan bazi
sekonder metobolitlerden  kaynaklanabilecegi
diigiiniilmektedir. ~ Mikroorganizma  ¢esitliligi,
kommunite yapist ve etkinliginin topraktaki
mikroorganizma faaliyetini etkiledigi
bilinmektedir. Oh ve ark. [23], Tricholoma
matsutake mantarinin toprak mikroorganizmalari
iizerinde dominant bir etkiye sahip oldugunu rapor
etmislerdir.

3. Sonuc ve Oneriler

Bu c¢alismada Armillaria mellea ve Tricholoma
cedretorum  mantarlariin  yetistigi ~ kontrol
topraklar ile toprak karbonuna gdre hesaplanan
farkli oranlarda (1/1X, 1/2X ve 1/4X) Armillaria
ve Tricholoma mantarlariin  karistirildigi
topraklarin  karbon mineralizasyonu kontrollii
kosullar altinda 28°C’ de 42 giin boyunca
incelenmistir.

Kimulatif karbon mineralizasyonu Armillaria
topraginda, Tricholoma topragina gore daha
yiiksek  bulunmustur. En yiiksek karbon
mineralizasyon oranlari, Armillaria mantarinin
yetistigi kontrol topragi ile yine farkli dozlarda
Armillaria  mantar  ilavelerinin  yapildig1
topraklarda gerceklesmistir. Armillaria mantar
karigtirllmis  topraklarda doz arttikca karbon
mineralizasyon oranlari azalmis buna karsin
Tricholoma mantar1 karistirilan topraklarda ise
tam tersi bir durum meydana gelmistir. Bu
calismadan yola ¢ikarak ekonomik 6neme sahip
mantarlarin iiretilmesi, kimyasal
kompozisyonlarinin (aminoasit icerikleri)
belirlenmesi ve iiretim sonucunda ortaya c¢ikan
verimli mantar kompostlarinin, topraklara
karigtirtlip yeniden degerlendirilmesi
onerilmektedir.

Cikar Catismasi Beyani
Makale yazarlari aralarinda herhangi bir ¢ikar
catigmasi olmadigini beyan ederler.

Arastirmacilarin Katki Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamisg
olduklarimi beyan ederler.

TesekKkiir

Bu c¢alismanin yapilmasina olanak saglayan
Osmaniye Korkut Ata Universitesine tesekkiir
ederiz.
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Arastirma Makalesi OZET

Makale Tarihgesi: Atiklar insan saglini ciddi diizeyde tehdit etmektedir. Bu nedenle ilk zamanlardan
Sggilt?;?ﬁ:i-lg (I)((?;Il(n;gzolzo bu giinlere kadar insanlar hep atiklardan uzaklasmak istemektedir. Giiniimiizde
Online Yayl.nlanma: 2 Mart 2021 sehir merkezlerinde bulunan kanalizasyon sebekeleri ve atik su aritma tesisleri ile

bu iglem kolaylikla yapilmaktadir. Atik su aritma tesisleri icerisinde su giris

kapaklarindan 1zgaralara, geri devir pompalarindan havalandirma havuzlarina
oksijen basan blower cihazlarina kadar birgok ekipman igerisinde asenkron motor

Atik Su Aritma .

Elekirik Motorlart bulunmaktadir. Asenkron motorlar ilk kalkis aninda normal akimimnin 5-7 katimi

Asenkron Motor ¢ekmektedir ve bundan dolayr motor sargilarina zarar vermektedir. Bu durumun

Asenkron Motorlara Yol Verme Oniine gegebilmek adma bir takim yol verme metotlarinin kullanilmasi
gerekmektedir. Bu ¢alismada atiksu aritma tesisinde bulunan asenkron motorlar ve
bu motorlara yol verme yontemleri incelenmis ve 39 adet ekipmanin dogrudan, 18
adet ekipmanin yildiz iiggen, 36 adet ekipmanin yumusak yol verici ile ve 29 adet
ekipmanin elektronik siiriicii ile yol verildigi tespit edilmistir. Kurulu gii¢ olarak
ise 6 MW fiizerinde bir gii¢ oldugu goriilmiis ve bu giiciin 42,4 kW dogrudan,
203,8 kW yildiz-iiggen, 252 kW yumusak yol verici ile ve 5,592 kW elektronik
stirticii ile yol verildigi goriilmiistiir. Yol verme yontemine karar verilmesindeki en
biiyiik etken ekipmandan istenen performanstir.

Anahtar Kelimeler:

Examination of Asynchronous Motors and Starting Methods of Asynchronous Motors found in Waste
Water Treatment Plants: A Gaziantep Example

Research Article ABSTRACT

Article Hjst0fy! Waste seriously threatens human health. For this reason, from the earliest times to
ii?;;’ég‘_ é%;‘&‘;‘;;“gg;iozo today, human kind has always tried to get away from it. Today, thanks to sewage
Published online: 2 March 2021 networks and wastewater treatment plants located in the city center, this is easily

done. Asynchronous motors are used in many parts of waste water plants, starting
from the water inlet covers to the grids and the return pumps to the blower devices

K ds: . . .

pjﬁ\ﬁggﬂzn of Wastewater that deliver oxygen to the aeration pools. Asynchronous motors draw 5-7 times the
Electric Motors normal current at the first start-up and this damages the motor windings. To
Asynchronous Motor prevent this, it is necessary to use a number of starting methods. This study

Starting Asynchronous Motors examined asynchronous motors in wastewater treatment plants and starting

methods of these motors and it was found that 39 pieces of equipment were started
directly, 18 pieces of equipment were star-delta, 36 pieces of equipment were soft
starters and 29 pieces of equipment were driven by electronic drives. As for the
installed power, it was seen that there was a power above 6 MW and this power
was started with 42,4 kW direct, 203,8 kW star-delta, 252 kW soft starter and
5,592 KW electronic drive.

To Cite: Ozgiloglu MM., Durmus B. Atik Su Aritma Tesislerindeki Ekipmanlarda Bulunan Asenkron Motorlar ve Asenkron
Motorlara Yol Verme Y&ntemlerinin incelenmesi: Gaziantep Ornegi. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii
Dergisi 2021; 4(1): 80-85.
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1. Giris

Atik su aritma tesisleri, insan kullanimi sonucu
meydana gelen atik suyun belirli asamalarindan
gecirilerek aritimimin yapildigi merkezlerdir. Bu
tesisler genel olarak ti¢ gruba ayrilir, bunlar; dogal
aritma tesisleri, biyolojik aritma tesisleri ve
endiistriyel aritma tesisleridir. Dogal aritma
tesisleri, merkezi yerlesim yerlerine wuzakta
bulunan kirsal kesimlerde enerji maliyetsiz olarak
yapilan aritma tiiriidiir. Biyolojik aritma tesisleri,
sehir ve ilce merkezleri gibi insan atiklarinin
bulundugunu yerlerde insa edilir ve burada
bulunan atiklarin antilmasimi saglar. Endiistriyel
aritma tesisleri ise sanayi merkezi, fabrika gibi
yapilarin  bulundugu boélgelere insa edilir ve
burada bulunan endiistriyel atik karigimh atik
suyun aritimini saglar.

Arntilan atik su, genel olarak tarimsal alanlarda
yapilan sulama islemlerinde kullanilir. Aritma
isleminde oOncelikli iki ama¢ bulunmaktadir.
Bunlardan birisi, suyun geri doniisimini
saglayip, tilketimi azaltmak iken digeri ortaya
citkan bu atiklarin insan ve canli sagligma
verebilecegi  tehditlerin  Oniine  gegmektir.
Ozellikle son yillarda Avrupa’da yasanan
kurakliklar nedeniyle stirdiiriilebilir su
kaynaklarina verilen 6nem giderek artmaktadir

[1].

Tesise gelen atik suya, giris noktasi ile ¢ikis
noktasi arasinda bir¢ok farkli proses ile miidahale
edilmektedir. Bunlarin baginda giris kapaklarinin
acilmasi, kaba ve ince 1zgaralar ile ilk
ayristirmanin yapilmasi, havalandirma havuzlar
igerisinde bulunan atik suya oksijen verilmesi, 6n
ve son ¢Okeltim havuzlarinda suyun kopri
yardimi ile karigtirllmasi  gibi miidahaleler
gelmektedir. Bu miidahaleleri yapabilmek icin
asenkron motora sahip ekipmanlara ihtiyag vardir.
Bu ekipmanlar ise genel olarak motorlu vana,
kaba ve ince 1zgara motoru, havalandirma blower
motoru, koprii motoru gibi siralanabilir.

Asenkron motorlar ilk kalkis aninda ¢ekilen akim,
nominal akiminin 5-7 kat1 olabilmektedir [2]. Bu
durum motor sargilarinin asir1 1sinmasi, gerilim
dengesizliklerine ve motor kullanim Omriiniin
kisalmas1 gibi birgok olumsuz olaya neden
olmaktadir. 1k kalkis aninda ¢ekilen asir1 akimin
oniine gecebilmek icin birkac¢ farkli yontem ile
asenkron  motorlara  yol  verme  islemi
yapilmaktadir. Bu g¢aligmada atik su aritma
tesislerinde kullanilan asenkron motorlara ve bu
asenkron motorlara yol verme yoOntemleri
incelenmistir.

2. Materyal ve Metot

Bu calismada Gaziantep merkez ileri biyolojik
attk su aritma tesisinde kullanilan asenkron
motorlar ve bu asenkron motorlara yol verme
yontemleri incelenmistir. Gaziantep merkez ileri
biyolojik atik su aritma tesisi, giinliik 200,000 m3
atik su aritma kapasitesine sahiptir ve tesisin anlik
debi girisi 7,000-8,500 m*/h arasindadir. Tesise ait
gorsel Sekil 1’de goriinmektedir.

Sekil 1. Gaziantep merkez ileri biyolojik atik su aritma
tesisi

2.1. Atk Su Aritma Tesisleri

Kentsel kullanim sonucu olusan kirletilmis sular,
sehir merkezlerinde bulunan terfi merkezleri
araciligryla atik su aritma tesislerine gonderilir.
Burada kentsel atik su aritma tesisleri iginde
fiziksel ve biyolojik aritma islemlerinden gecen
su, tarimsal sulama vb. faaliyetlerde kullanilmak
iizere en yakin nehir, dere, akarsu gibi su
kaynaklarina verilir.

Biyolojik atik su aritma tesisine giris yapan atik su
ilk olarak kaba ve ince 1zgaraya gelir. Burada
1zgaralar arasindaki ¢ubuk mesafeleri tesis tipine
gore degismekle beraber 2-10 cm arasinda
degismektedir [3]. Biiyiik boyutlu parcalar kaba
1zgara, daha kii¢lik boyutlu pargalar ise ince 1zgara
yardimiyla atik sudan arindirilir. Kaba ve ince
1zgaralar ile islevlerini gdsteren gorsel Sekil 2°de
verilmistir.
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Sekil 2: Kaba ve ince 1zgara ¢alisma prensibi

Izgaralardan gegen atik su, kum yag tutucu
iinitesine gelir. Burada kaba ve ince 1zgaralardan
tutulamayan kum, kirma tas, micir gibi kiigiik
tanecikli katt maddeler atik su igerisinden
ayristirilir. BOylece bu maddelerin pompa ve
motor gibi ekipmanlarin igerisine girerek onlara
zarar vermesi Onlenmis olur. Bu f{inite iizerinde
bulunan siyirici koprii sayesinde, havuz {izerinde
biriken yag yapis1 bir mekanik kol yardimiyla yag
haznesine taginir. Kum yag tutucu tinitesi ile gezer
koprii yapist Sekil 3’te verilmistir.

Sekil 3: Kum Yag Tutucu Unitesi

Kat1 atiklardan armndirilmis atik su 6n c¢okeltme
havuzlarina gelir. Burada havuzun taban kisminin
ters konik sekilde olmasi nedeniyle dibe g¢oken
¢amur tek noktada  toplanarak, = c¢amur
susuzlagtirma yapisina gonderilir. Ust kisimda
bulunan atik su ise biyolojik aritim prosesleri i¢in
bio-fosfor ve havalandirma havuzlarina gonderilir.
Biyolojik aritim proseslerini tamamlayan atik su
daha sonra son ¢okeltim havuzlarina gelir. Burada
yine 0n ¢okeltim havuzlarinda oldugu gibi ters
konik yapida olan son ¢oOkeltim havuzu yapisi

geregi camur dibe ¢oker ve burada tek noktada
toplanir daha sonra ise buradan camur
susuzlastirma yapisina gonderilir. Ust kisimda
bulunan ve son ¢okeltim havuzunda savaklanan su
ise artik aritim islemini tamamlamistir. Tesisin su
cikis yapist olan, ¢ikis parshall savagina
yonlendirilen su buradan tesis diginda bulunan
dere, nehir, akarsu gibi su yapilarina birakilir.
Camur susuzlagtirma yapisinda ise aritima
prosesinin son iglemini yapmaktadir. Buraya gelen
camur susuz bir yapiya getirildikten sonra bertaraf
edilir. Genel ¢okeltim havuzlar, bio-fosfor
havuzu ve havalandirma havuzlarina ait gorseller
Sekil 4’te verilmistir.

Sekil 4. a) Cokeltim Havuzu, b) Bio-Fosfor Havuzu, c)
Havalandirma Havuzu

2.2. Asenkron Motorlara Yol Verme Yontemleri

Asenkron motorlara yol verme yontemleri genel
olarak 5 ayr1 bashik altinda incelenir. Bunlar:
Dogrudan yol verme, yildiz-liggen yol verme,
yumusak yol verme, elektronik siiriicii ile yol
verme ve ototransformatér ile yol verme
yontemleridir.

Dogrudan yol verme yonteminde motor igin ekstra
hicbir techizat kullanilmaz ve motora dogrudan
enerji verilir. Asenkron motorlar ilk kalkis aninda
yiiksek akim ¢eker fakat giicii diisiik olan motorlar
bu durumdan fazla etkilenmez. Fakat biiyiik giiclii
motorlar i¢in ilk kalkis akimi ¢ok yiiksek olur ve
bu sargilarin ¢ok asir1 1sinmasina ve gerilimde
dengesizliklere yol acar. Gerilim dengesizlikleri
ise ekipman Omriinii kisaltmaktadir [4]. Bu
nedenle, bu yontemin biiyiik giiglii motorlar igin
kullanilmas1 uygun degildir. Daha ¢ok kiigiik
giiclii motorlarda kullanilir. Tablo 1’de dogrudan
yol verme yoOntemiyle yol verilen ekipmanlarin
listesi verilmistir.
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Tablo 1. Tesiste Dogrudan Yol Verme Y 6ntemi

Kullanilan Ekipman Listesi

Ekipman  Ekipman Yol

Ekipman Adi Giicii Sayisi Verme
(kW) (Ad) Yontemi
Kaba lzgara 0,75 3 DYV
Ince Izgara 0,75 5 DYV
Kaba/Ince Izgara
Bant Konveydor 1,5 2 DYV
Yag Pompasi 2,0 2 DYV
Kum Ayirici 0,55 2 DYV
Tambur lzgara 0,55 2 DYV
On Cékeltme
Koprii Motoru 11 4 DYV
Cop Presi 3,0 1 DYV
Izgaralar Giris
Motorlu Kapak 11 8 DYV
Izgaralar Cikis
Motorlu Kapak 11 8 DYV
On Coktiirme
Spiral Konveyér 11 2 DYV

rampa ayarlart ile yapilabilmektedir. Burada
akimm kademeli olarak yiikseltilmesi nedeniyle
motora verilebilecek mekanik ve elektriksel
zararlarin Oniine gecilmis olur. Tesiste yumusak
yol verici ile yol verilen ekipmanlar listesi Tablo
3’te verilmistir.

Tablo 3. Yumusak Yol Verici Kullanilan Ekipman

Listesi
Ekipman  Ekipman Yol
Ekipman Adi Giicii Sayis1 Verme
(kW) (Ad) Yontemi

Havalandirma
Dalgi¢ Mikser 6,8 32 YYV
Siiziintii Suyu

Pompasi 9,0 2 YYV

Camur Tanki1
Mikser 8,2 2 YYv

Yildiz iiggen yol verme yodnteminde motor ilk
olarak yildiz baglantida kaldirihir ve belirli bir
siire sonra {iggen baglantiya otomatik veya manuel
olarak  gecirilir.  Yildiz baglantida, {iggen
baglantiya oranla V3 kat daha az gerilim verilir ve
motorun daha az akim ¢ekerek yol almasi saglanir
[6]. Tesis igerisinde yildiz liggen yol verme
yontemiyle kaldirilan motorlarda kontaktér ve
zaman rolesi kullanilarak ekipmanlarin otomatik
olarak devreye girmesi saglanmigtir. Yildiz {iggen
yol verme yontemi kullanilan ekipmanlarin listesi
Tablo 2°de verilmistir.

Tablo 2. Yildiz Uggen Yol Verme Yéntemi Kullanilan

Ekipman Listesi

Elektronik siiriicii yani frekans konvertorii ile yol
verme yontemi, ¢alistirilan ekipmanin hiz ayarinin
yapilmasina olanak tanir. Asenkron bir motorda
hiz ayar1 motor kutup sayist degisikligi veya
frekans degisikligi ile yapilabilir. Calisan bir
asenkron motorda kutup sayis1 degisikligi
miimkiin olmadigindan sadece frekans degisikligi
ile hiz kontrolii yapilabilir. Frekans degisikligi
icin ise bir frekans konvertoriine yani elektronik
stiriicliye ihtiya¢ vardir. Ayrica elektronik siirticii
kullanilarak asenkron motor iizerinde olusabilecek
gerilim dengesizliklerinin de oniine ge¢ilmis olur
[6]. Tesiste frekans konvertorii ile yol verilen
ekipman listesi Tablo 4’te verilmistir.

Tablo 4. Frekans Konvertorii Kullanilan Ekipman

Ekipman  Ekipman Yol

Ekipman Ad1 Giicii Sayis1 Verme
(kW) (Ad.) Yontemi
Bio-Fosfor YUYV
Dalgi¢ Mikser 53 6
Tahliye Terfi .
Pompasi 13,5 2 YUYV
I¢sel Geri Devir .
Pompasi 14,5 10 YUYV

Listesi
Ekipman  Ekipman Yol
Ekipman Adi Giicii Sayisi Verme
(kW) (Ad.) Yontemi
Havalandirma FC
Blower 450 10
Kum Yag Tutucu FC
Blower 18,5 5
Geri Devir
Pompasi 125 5 FC
Dekantor 55 6 FC
Camur Pompalari 15 3 FC

Yumusak yol verme yontemi, mikro islemci
tabaninda yapilan bir uygulamadir. Burada fazlara
tristdr baglanir ve motora frekans aym tutularak
kademeli olarak akim verilir. Bu islem yumusak
yol verici lizerinde bulunan kalkis rampa ve durus

Ototransformator ile yol vermenin kullanim amaci
yildiz iiggen yol verme yontemindeki iicgen yol
verme sebeke geriliminin motor iiggen calisma
gerilimine esit olmamasidir. Bdyle durumlarda
ototransformatiirii kullanilir ve bu trafonun
primerine sebeke gerilimi, sekonderine motor
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baglanir ve motorun yilksek akim ¢ekmesi
Onlenmis olur.

Inceleme ve arastirma yapilmis olan tesiste
ototransformatorii ile yol verme yoOntemi
kullanilan ekipman bulunmamaktadir.

3. Bulgular

Aritma tesisi icerisinde 122 adet ekipman
kullanilmis ve bu ekipmanlarin diisik giiclii
olanlar1 ¢ogunlukla tesise ilk su alinan kisim olan
giris yapisi, kaba 1zgara, ince 1zgara, ¢Okeltim
havuzu motorlarindadir. Tesisteki en kiigiik giiclii
ekipmanlar kum ayirici, tambur 1zgara ve kaba
ince 1zgaralardir. Havalandirma havuzlarina
oksijen gonderen blower cihazlan ise 450 kW
giiciinde ve tesisin en biiyiik giiclii ekipmanlaridir.
2 adet havalandirma havuzu i¢in toplamda 10 adet
blower bulunmaktadir ve tesisin enerji sarfiyatinin
%90’1 bu cihazlar tarafindan kullanilmaktadir.

4. Sonuc ve Oneriler

Tesiste toplamda 122 adet ekipman kullanildig1 ve
diisiik giicli ekipmanlarin genellikle tesis giris
boliminde bulundugu goriilmektedir. Ayrica
veriler daha detayli incelendiginde ise 39 adet
ekipmana dogrudan yol wverildigi, 18 adet
ekipmana yildiz {iggen baglant1 ile yol verildigi,
36 adet ekipmana yumusak yol verici ile yol
verildigi ve 29 adet ekipmana elektronik siiriicii
kullanilarak yol verildigi gozlemlenmistir.

Tesisin kurulu giici 6 MW iizerinde olup ve bu
giiclerin 42,4 kW kismina dogrudan, 203,8 kW
kismina yildiz tiggen, 252 kW kismina yumusak
yol verici ile 5,592 kW kismina ise elektronik
stiriicli ile yol verildigi gozlemlenmistir. Ayrica
5,592 kW giiciindeki elektronik siiriicii ile yol
verilen ekipmanlarin 4,500 kW giiciinii tesis enerji
sarfiyatinin %90’1 olan havalandirma havuzlarina
oksijen gonderen blower cihazlarinin kullandigi
elde edilen verilerde goriilmektedir.

Tesiste bulunan ekipman geneline bakildiginda 5
kW altindaki ekipmanlara herhangi bir yol verme
yonteminin  kullanilmadigi  ve  ekipmanlara
dogrudan yol verdigi goriilmiistiir. 5 kW {istiinde
giice sahip olan motor, pompa vb. ekipmanlara ise
ilk kalkis akimindan etkilenmemeleri igin yildiz
iicgen, yumusak yol verici veya elektronik siiriicii
ile yol verme yontemlerinden birisinin kullanildig1
gbzlemlenmigtir.

Burada yol verme yontemine karar verilmesindeki
en biyik etkenlerden birisinin ise kullanilan

ekipmanda istenen performanstir. Havalandirma
havuzlarina oksijen gonderen blower cihazlarinin,
havuzda bulunan oksijen analizorlerine gére hizin
yavaglatip, arttirmasi gerekir. Dekantor {initesine
camur gonderen camur pompalarin dekantor
calisma hizina gdre hizini yavaslatip, arttirmasi
gerekir. Geri devir yapilacak ¢amurun bio-fosfor
havuzunda bulunan orp analizorlerine gore
gonderilecek camur miktarinin azaltilip veya
arttirllmas1  gerekir. Bdyle durumlarda motoru
kontrol altinda tutmak ve hiz ayar1 yapabilmek
icin  elektronik  siiriicliye  ihtiyag  vardir.
Dolayisiyla diger yol verme yoOntemlerinin
kullanilmas1 uygun olmayip, elektronik siiriicii ile
yol verme yontemi uygun olacaktir.

Tesis igerisinde bulunan ve siirekli ayni1 hizda
caligma ihtiyaci duyulan 5 kW altinda giice sahip
ince 1zgara, kaba i1zgara, 6n ¢okeltme havuzu
koprii motoru vb. ekipmanlarin herhangi bir yol
verme yoOntemine ihtiyag duyulmadan dogrudan
yol verme yontemiyle yol verilmesi maliyet ve
kullanim agisindan daha uygun olmaktadir.

5 kW fizerinde olan ekipmanlarda ise motor
giivenligi acisindan bir yol verme yontemi
kullanilmas1 gerekmektedir. Bundan dolayr hiz
ayarma ihtiya¢ duyulmayan ekipmanlar igin
yildiz-liggen yol verme ydntemi ve yumusak yol
verici ile yol verme yontemi kullanilabilir. Yildiz-
ticgen yol verme yonteminin maliyeti uygun fakat
ariza verme orani yiiksek iken yumusak yol verici
ile yol verme yonteminin maliyeti yiiksek ve ariza
verme orani diisiiktiir. Sistem gereksinimine gore
farkli yontemler kullanilabilir.

Cikar Catismasi Beyani
Makale yazarlar1 aralarinda herhangi bir ¢ikar
catigmasi olmadigini beyan ederler.

Arastirmacilarin Katki Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamisg
olduklarini beyan ederler.
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Odeme terminalleri (EFT-POS) iizerinden finansal ve kisisel veriler gectigi igin
disaridan miidahale ile bilgilerin ele gegirilememesi ¢ok 6nemlidir. O yiizden
yazilimsal ve donanimsal ¢6ziimlerle gesitli onlemler alinmaktadir. Alinacak

onlemlerle 6deme Kkarti endiistrisi (PCI) tarafindan yaymlanan yonergelerde
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PCIPTS

Harici sensor
Akill kart

Tus takimi
Kurcalama ataklari

kurcalama ataklarmi

bulunan sartlar saglanmaktadir. Teknoloji gelistik¢e yeni saldirt methodlari ortaya
cikmaktadir. Yonergeler belli araliklarla giincellenerek yeni saldirilara kargi da
koruma saglanmaktadir. Bunlardan en 6nemlisi cihazin giivenlik sinyalleri ile
algilamasidir. Bu c¢alismada EFT-POS cihazi igin
kurcalamalara kargt korumali gilivenli bolgenin olusturulmast anlatilmigtir.
Giivenligi saglamak i¢in 6zgiin bir tasarim kullanilmistir. Maxim iglemcinin

kullanildigi EFT-POS terminali giivenligi i¢in akilli kart ve tus takimi korumasi
kisimlart iistiinde yogunlasilmustir.

Implementation of Unique Security Solution according to PCI PTS Standards for POS Devices
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Since financial and personal data pass through point of sales (EFT-POS) terminals,
it is crucial that information can not be intercepted by external intervention.
Therefore, various measures are taken with software and hardware solutions. With

the precautions to be taken, the conditions in the payment card industry (PCI)

Keywords:
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PCIPTS
External sensor
Smart card
Keypad
Tamper attacks

directives are met. As technology develops, new attack methods are emerging. The
directives are updated periodically to protect against new attacks. The most
important of these is that the device detects tamper attacks. In this study, the
implemention of a tamper-proof safe zone for EFT-POS device is described.
Unique solution is implemented to ensure safety. For the security of the EFT-POS
terminal where the Maxim processor is used, the focus is on smart card and

keypad protection sections.

To Cite: Asg1 K., Hatun E., Nommaz V., Nommaz A. Odeme Terminallerinde PCI PTS Standartlarma Uygun Ozgiin Giivenlik
Coziimii Gergeklemesi. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 86-90.

1. Giris

Odeme kart1 sektdriinde, saldirganlar EFT-POS
(Electronic  Funds Transfer-Point of Sale)
cihazlarmda kullanilan kredi karti, para kart1 gibi
kartlarin igindeki 6zel bilgilere [1] odaklanirlar.
Saldirganlar teknolojik alandaki gelismelerden

faydalanip giivenlik duvarlarim1 [2] asarak bu
bilgilere ulagsmaya caligirlar. Buna karsilik
giivenlik  o6nlemleri de PCI (Payment Card
Industry) tarafindan belli araliklarla  aktif
saldirllara Onlem almacak sekilde giincellenir.
Giincellemenin amaci1 giivenlik kontrol testlerinin
daha siki yonergelerle yapilmasi ve yapilacak

86



saldirilara  karsi  hedef cihazlarin direncini
artirmaktadir [1,2].

PCI PTS (Payment Card Industry PIN Transaction
Security) giivenlik gereksinimleri, belirli islevler
ile ilgili olan modillerden olusmustur.
Degerlendirme altinda olan cihazin veya bilesenin
form faktorii ne olursa olsun, sagladig islevler
yonergelerin uygulanabilirligini saglamalidir.

EFT-POS 6zelligi olan 6deme kaydedici cihazlar,
Odeme Kartlar1 Endiistrisi PIN Islem Giivenligi
Standartlarma [1] gore PCI seviye 3 veya PCI
seviye 3 dstii giivenlik sertifikasina ve EMV
(Europay, Mastercard, Visa) sertifikasyonuna
sahip olmalidir. PCI giivenlik standardinin amaci
kart verilerinin calinmamasini saglamaktir. Bu
sayede yapilan islemlerin gilivenligi saglanir.
EMYV ise verilerin ¢alinmast durumunda igeriginin
ise yaramaz hale getirilmesini garanti etmektedir.
EFT-POS 6zellikli YNOKC (Yeni Nesil Odeme
Kaydedici Cihaz) iireticileri giivenlik
yonergelerine uygun olarak ¢esitli ¢dziimler
gelistirip PCI testlerini [1, 2] basarili bir sekilde
sonuglandirmaktadirlar.

Caligma  kapsaminda PCI  giivenligi [1]
donanimsal olarak kurcalamaya karsi koruma
mekanizmasinin sensorleri [3,4,5] ile saglanmustir.
Yapilan c¢aligma ile akilli kart ve tus takimi
korumasi kisimlari ele alinmistir. ilerleyen
boliimlerde sensorlerin nasil kullanildigi ve bu
kullanim sirasinda giivenlik sinyallerinin nasil
islendigi agiklanmaktadir.

2. Koruma Mekanizmasi

Giivenlik standartlarinin yerine getirilmesi i¢in
fiziksel korumalar ve kurcalamalar algilamak
(Tamper) i¢in dinamik harici sensorler kullanilir
[3]. PCI yonergelerine gore en az ekstradan dahili
bataryayla destekli alti ayr1 koruma noktasi ile
giivenlik saglanmalidir. Bu koruma mekanizmasi,
yliksek korumali mikroislemcilerin i¢inde bulunan
dinamik harici sensorlerin donanimsal ¢6ziimler
ile beraber kullanilmasindan meydana gelir.

Her bir dis miidahale algilama sensorii bir ¢ift data
hattindan olusmustur. Sekil 1’de sensor ¢iftlerinin
EXTS IN ve EXTS OUT baglantilari
gosterilmigtir. Sensorler tarafindan dis miidahale
algilandiginda ytiksek giivenlikli mikroislemciler
koruma moduna geger.

3. Koruma Mekanizmasimin Calismasi
3.1. Giivenlik Sinyalleri

Dis miidahale algilama sensdrleri EXTSCN [5]
yazmacit Uzerinden aktif edildikleri zaman
kilitlenmis olurlar ve artik degistirilemezler.
Sadece pilin baglantist (Sekil 2) kesilirse bu
yazmacin kilidi acilabilir.

VBAT domain

Clock S00tiz Die Shield

Divide 2HZ Ter Sensor
8k Hz

Clock Security Monitor Clock
DIVCLK Divide
* |

EXTFRQ Sensor TRNG
Output
Enable TRNG Serial Output

EXTSX_N |

[
r
EXTSx_OU
Sensor Output Generation,
Error Detection Logic

Tamper Detect

Sekil 1. Sensor baglantilar

Islemci i¢cinde bulunan TRNG [6] (true random
number generators) modiilii rastgele sayilar
gerektiren tim uygulamalar  tarafindan
kullanilmaktadir. Tamper sensorler i¢cin TRNG
tarafindan beslenen ayri bir LFSR [5] (Linear
Feedback Shift Register) tarafindan verimli bir
sekilde 128 bit gercek rastgele sayilar iretilir.
Ornegin, sifrelemeye hazir 128 bit AES rastgele
anahtar1 elde etmek i¢in yalmzca dort ardisik
okuma erigimi (32 bitlik erigim) gerekir.

Gilivenlik monitor blogu saldir1  kosullarin
izlemek i¢in, Sekil 3’te gosterildigi gibi oOriintiiler
uretmektedir. Soldaki sekil, EXTSCN yazmacinda
etkin kontrol bitini maksimum 2 kHz tarama
frekansiyla (EXTFRQ = DIVCLK = 0xb)
ayarladiktan sonra harici sensdr  sinyali
taramasmin baslangicim1 gosterir. Sagdaki sekil,
tarama isleminden bir siire sonra bir tarama
dongiisiinii gosterir.

Battery-backed zon
Battery-Backed Battery-Backed
NVSRAMO NVSRAM1
VA 16KB 8KB
>
VBAT J—:VB .
3V battery | Dlgi:r\c:nlls sl
.
»VBACKUP

e

VA33
3.3V regulator |+ Sensor GPIO and
Misc Circultry SLEYEIETO

32kHz oscillator

Security Monitor
Sensors

Sekil 2. Batarya korumali alan
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Sekil 3. Giivenlik sinyal oriintiileri

Her bir sensor ¢ifti benzersiz bir sinyal iiretir ve
bagimsiz olarak etkinlestirilebilirler.

Mesh baglantilar1 ile korunan bolge veya bolgeler,
fpc veya pcb layout ile sarmalanarak "tuzak"
olusturulmustur. Herhangi bir delme, prob’lama
veya iletken sivi temasi ile giris/gikis hatlarina
ulagsmak amaciyla yapilacak saldir1 girisimleri
basarisizliga ugrayacaktir.

Bir sensor cifti aktif olduktan sonra giris piminde
herhangi bir uyumsuzluk tespit edildiginde,
yazilimsal olarak cihaz yikict bir resetlemeyi
tetikleyerek, cihazi kullanim dis1 birakir. Bu
islemden sonra cihaz yapilan isteklere cevap
Veremez.

3.2. Giivenli Bolge Olusturma Modeli

Buradaki koruma modelinde; Sekil 4’te gortldiigi
gibi, lizerinden tamper sinyallerinin gegtigi bir
orgiilii mesh ile kapli lehimlenebilir stup PCB [3]
elektromekanik bilesen olarak ana pcb’de
giivenlik islemcisinin kars1 ylizeyine
lehimlenmistir. Boylece ana islemci ile stub PCB
arasindaki tiim baglantilar i¢in giivenli bir bolge

olusturularak hassas bilgiler iceren sinyaller
koruma altina alinmigtir.
i
Terminal's board
1
i
s [ [T 77
T ayer-1 (Top)
! T Lo R
Abﬁvmf ] {
1810~ 22!“";5
o] |
lxwli ‘---. e -.-_
| am3 ’ A {_ (ayer-s (Bottom)

Sekil 4. Tamper ve I/O sinyalleri koruma alani
3.3. Akalli Kart Korumasi

Bu ¢alismada, akilli kart okuyucu’nun giris/¢ikis
data hattinin baglantis1 Sekil 4 ve Sekil 5’te

gosterildigi gibi disaridan yapilabilecek ataklara
karsi tamper sensorleri kullanilarak korumaya
almmistir., Bu sayede akilli kart okuyucu
konnektoriine yapilacak bir atagin onlenmesi ve
basarisizliga ugratilmasi saglanmistir.

Sekil 6’da soldaki sekil, akilli kart okuyucu
konnektdriiniin  pcb {izerindeki bir katmaninin
bakir yollar ile kaplanmasini, sagdaki sekil ise
farkli bir katmaninin da kaplandiktan sonraki son
durumunu gostermektedir.

Sekil 5. I/O sinyali koruma alani

Boylece akilli kart okuyucuya dikey olarak bir
yonden ulasilmasi engellenmis olmaktadir. Ayni
sekilde konnektoriin diger yiizeyi i¢in de ayr1 bir
PCB kartta farkli katmanlarin da bakir yollar ile
kaplanmasiyla diger dikey yonden de ulagilmasi
engellenmis olmaktadir. Boylece her iki yonden
de yapilacak saldirilar [1] gilivenlik sinyalleri ile
koruma altina alinmustir (Sekil 7).
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Sekil 6. Akill1 kart konnektoriiniin bakir yollar ile
kaplanmasi

nets on the pcb as shown below.
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Sekil 7. Akill1 kart korumasinin katman gosterimi
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Sekil 9. Sensorlerin tug takimi iistiindeki yerlesimi
3.4. Yazihmsal Isleyis

Koruma mekanizmasi aktif edildikten sonra
giivenlik sinyallerinde bir uyumsuzluk olmasi
durumunda  (Ornegin;  cihaz  kapaklarimnin
kontrolsiiz agilmasi) yazilimsal olarak bu durum
aninda algilanmaktadir. Atak algilandiginda bu
durum igin kayit tutulmakta ve yetkili servis
miidahalesi tamamlanana kadar bu kayit
silinmemektedir. Sadece yetkili servisin giris
yapabilecegi  bir modda kullanima  izin
verilmektedir. Teknik miidahale yapilmadig:
stirece cihaz normal modda kullanilamamaktadir.
Yetkili servis iretecegi tekil bir sifre ile giris
yapabilmektedir. Tutulan olay kayitlar1 yardimiyla
cihazin durumu degerlendirmektedir. Fiziksel
incelemeyle cihaza miidahale olup olmadigina
karar verilmektedir. Sorun giderildiginde yetkili
servis miidahalesi ile normal caligma moduna
doniilebilmektedir. Normal c¢alisma moduna
doniildiigiinde koruma mekanizmas1 isleyisine
ayn sekilde devam etmektedir.

4. Sonug

Odeme terminalleri iizerinden gecen kisisel veriler
nedeniyle saldirganlarin hedefi konumundadir. Bu
sebeple uluslararast  yonergelerle  giivenlik
sertifikasyonlarina tabi tutulmuslardir. Her gecen
giin  saldirganlar atak  ydntemlerini  yeni

teknolojilerle gelistirirken sertifika otoriteleri de
giivenlik standartlarin1 giincel ataklara uygun hale
getirmektedirler. Yonergedeki giivenlik sartlarim
saglamak icin  dreticiler farkli  ¢Oziimler
uygulamaktadirlar. Calisma kapsaminda akilli kart
ve tus takimi giivenligine yogunlasiimistir.
Gegmis bolimlerde aciklanan uyguladigimiz
coziimler ile PCI-PTS POI yoénergelerine [1], [2],
[6]-[10] uygun bir cihaz gelistirilmistir. Tamper
giivenlik sinyalleri kullanilarak dis miidahaleyi
engellemek icin 0zglin bir tasarim
olusturulmustur. Sonug olarak giivenli
mikroiglemcinin 6zgilin tasarimla birlesmesiyle
gelismis bir 6deme terminali liretilmistir.

Cikar Catismas1 Beyani
Makale yazarlar1 aralarinda herhangi bir ¢ikar
catismasi olmadigini beyan ederler.

Arastirmacilarin Katki Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan ederler.

Tesekkiir

Bu calisma, Tiibitak TEYDEB destekli 1120190
no’lu proje ve 2017/11114 patent bagvurulu iiriin
tizerinde gercgeklestirilmistir. EMV ¢aligmalarinda
FIME firmasinin Fransa laboratuvariyla ortak
calisma yapilmustir.
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Anahtar Kelimeler:
Bugday samani

Toprak su iceigi

Tarla kapasitesi
Yari-kurak iklim kosullar

Bu ¢aligma, Tiirkiye’nin Dogu Akdeniz Bolgesinde yari-kurak iklim kosullarinda
bugday yetistirilen arazilerde organik mal¢ uygulamalarindan birisi olan bugday
samani uygulamasinin toprak ozellikleri iizerine etkisini belirlemek amaciyla
yapilmistir. Calismada toprak yiizeyine farkli oranlarda (0, 300 kg/da, 600 kg/da
ve 900 kg/da) bugday samani uygulanmistir. Deneme, arazi kosullarinda, tesadiif
bloklar1 deneme desenine gore 3 tekerriirlii olarak kurulmustur. Bugday hasat
sonrasi her parselden 0-15 cm derinlikten toprak ornekleri alinmistir. Sonucta,
organik mal¢ uygulamalarindan bugday samaninin uygulamalara bagli olarak
topragin organik madde miktarini artirdigi tespit edilmistir. Ayrica bugday
samaninin topraklarm likit limit, plastik limit, yarayish su icerigi ve tarla
kapasitesini de artirmigtir. Uygulama dozuna bagli olarak topragin likit limit,
plastik limit, yarayigh su icerigi ve tarla kapasite artigi organik madde ile
iliskilendirilmistir. Yapilan istatistiksel analiz sonucuna gore, organik madde, likit
limit, plastik limit, yarayigh su igerigi ve tarla kapasitesi iizerine (P<0,05) énemli
farkliliklar bulunmustur. Kahramanmaras kosullarinda 600 kg/da ve 900 kg/da
bugday samanimin uygulamalarmin topraklarda organik maddenin artirilmasi,
bitkiye elverigli su kapasitesini artirdigi, ylizey akisini azalttigi, porozite
ozelliklerini iyilestirerek kok bolgesinde su ve hava tutma dengesi saglayabilecegi,
dolayisiyla bitkisel tiretimde verim ve kaliteyi artiracagi sonucuna varilmistir.

Effects of Organic Mulch Applications on Some Physical Properties of Soil
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This study was carried out in order to determine the effect of organic mulch on the
soil properties of wheat straw in wheat fields. Turkey's semi-arid climatic
conditions in the Eastern Mediterranean Region. In the study, wheat straw in
different proportions (0, 300 kg/da, 600 kg/da and 900 kg/da) was applied to the
soil surface. The trial was set up with 3 replications according to the randomized
blocks trial pattern under field conditions. After the wheat harvest, soil samples
were taken from each parcel at a depth of 0-15 cm and analyzed in laboratory. As
a result, it has been determined that wheat straw applications, increases the organic
matter of the soil depending on the applications. In addition, wheat straw increased
the liquid limit, plastic limit, available water content and field capacity of the soils.
Depending on the application dose, liquid limit of the soil, plastic limit, available
water content and field capacity increase were associated with organic matter.
According to the results of statistical analysis, significant differences were found
on organic matter, liquid limit, plastic limit, available water content and field
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capacity (P<0,05). It has been concluded that the application of 600 kg/da and 900
kg/da wheat straw in Kahramanmaras conditions will increase the organic matter
in the soil, increase the water capacity suitable for the plant, decrease the surface
flow, improve the porosity properties and provide water and air retention balance
in the root zone, thus increasing the yield and quality in crop production.

To Cite: Kara Z., Sesveren S., Gonen E., Kéylii A. Effects of Organic Mulch Applications on Some Physical Properties of Soil.
Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 91-95.

1. Introduction

Increasing global crop production will be one of
the greatest challenges facing humanity in the
coming decades. The aim of agriculture is to help
the generations to continue their lives in a healthy
way by providing the food need for human
survival. Therefore, the soil, climate and plants
should be protected. For this reason, it has been
forced to take more products from the soil per unit
area and to work to eliminate the factors that
cause this restriction in areas where production is
restricted for one or more reasons. These restricts;
Restrictions include areas with poor chemical and
physical properties, climate in arid-semi-arid
regions, especially rainfall and production of the
precipitation regime.

Today, 6,1 billion ha of the world's lands are
composed of arid and semi-arid areas. Drought is
the most important environmental factor limiting
plant growth and reducing crop production in the
world's  agricultural  areas  where  the
Mediterranean climate prevails. Mediterranean
region at the beginning of the areas most affected
by global warming will come. As is known, the
most important factor limiting plant growth in arid
and semi-arid climates is the lack of available
water in the root zone [1, 2]. As a result of low
rainfall and excessive evaporation in these areas,
water shortage is observed for plant development,
and water shortage is one of the most important
problems of crop production.

Excessive evaporation requires moisture control
in the soil. By controlling the moisture in the soil,
it makes it possible to keep the moisture in the soil
for a long time and to prevent the salinization that
occurs on the soil surface by evaporation.

Preserving the soil moisture content can be
achieved by covering the soil surface with some

cover materials. Various organic and inorganic
mulches can be used for this purpose. Mulching
protects the soil against the erosive forces of
precipitation by reducing the hydrodynamic forces
of the aggregates falling on the soil surface and by
absorbing the kinetic energy of the raindrops by
reducing the hydrodynamic forces of the raindrops
falling on the surface of the soil, and also
decreases the soil loss by increasing the amount of
surface runoff and its velocity by increasing the
infiltration [3].

The effectiveness of mulch materials applied to
soils can vary significantly depending on factors
such as climate and soil properties, mulch type,
amount, application method and time. It has been
reported that as the amount of covering the soil
surface with organic mulch increases, soil losses
decrease Organic mulch application on soil
surfaces significantly reduces soil losses that may
occur due to precipitation and winds. It has been
stated by many researchers that organic mulching
of soils increases the organic matter content and
stability of the topsoil [2, 4, 5]

This study aimed to determine the effects of
organic mulching (wheat straw) application on
some physical properties of soils after harvest
under arid-semi-arid climatic conditions in
Kahramanmaras province.

2. Material and Method
2.1. Material

The field experiment was conducted at the east
mediterranean  transitional zone agricultural
research of institute, in Kahramanmaras, Turkey.
Some physico-chemical analysis results of the
experimental soils are given in Table 1.

Table 1. Some physico-chemical analysis results of the experimental soils

pH  Lime OM Clay Sand Silt P K Ca Mg Na
% % % % % uglg uglg uglg uglg uglg
7,76 3557 240 26,13 2829 4558 5 189,6 6500 972 49,6
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Wheat straw was used as organic mulch on the
trial soil. The experiment was carried out with 3
replications according to the randomized blocks
design by making factorial arrangements. After
planting wheat, 4 different doses (Control, 300
kg/da, 600 kg/da and 900 Kkg/da) were
homogeneously distributed by hand in the study
area. The trial started in mid-November and ended
towards the end of June. After the trial was
completed, soil samples were taken and
appropriate physical analyzes were made.

2.2. Method

The plastic limit value of the soils taken from the
study area was determined according to the
Sower, [6] method, and the liquid limit values of
the soils were determined using the casagranda
tool [7]. The field capacity and permanent wilting
point of the soils are expressed as the amount of
water held under pressures of 33 and 1500 kPa,
respectively, in the pressure table device after the
samples are saturated with water [8]. The organic
matter content of soils was determined according
to the method determined by Nelson and
Sommers [9].

Analysis of variance was performed to evaluate
the statistical effect of treatments on some soil
properties SPSS software. Treatment means were
compared using LSD test [10].

3. Results and Discussion

The change of the wheat straw levels applied in
the study on the soil organic matter amounts are
given in Figure 1.

A5
a
b

g b
z, ¢
H =1
]
el ]
i
e
H
]
=
=
= s

[l

Lol N kg fin el 1 s |
Appibuatiza

Figure 1. Change of organic matter contents depending
on the application

The highest amount of organic matter is seen at
900 kg/da straw applied points 2,99%, 2,82% in
600 kg/da applications and the lowest organic
matter content was determined in control (2,45%).
According to the results of the Anova test, a

statistically significant difference was found
between the change in organic matter amounts
and the application doses (P<0,05; Figure 1).

The liquid limit values of the soils subject to the
experiment are given in Figure 2.
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Figure 2. Application-dependent change of liquid limit

The liquid limit values of the soils increased
depending on the increasing dose amount. While
the lowest liquid limit value was observed in the
control soil (29,02%) without any application, the
highest liquid limit value was found in the parcel
where 900 kg/da of straw was applied per decare
(32,48%). Application doses were found to be
statistically significant on liquid limit amounts (P
<0,05). The increase in liquid limit values due to
the application has been associated with organic
matter. Smith et al. [11] stated that there are
positive relationships between organic matter and
liquid limit. It has been stated by many
researchers that organic matter has direct or
indirect positive relationships on soil quality
[12,13,14].
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Figure 3. Application-dependent variation of the
plastic limit

According to the Figure 3 given, in parallel with
the application dose of wheat straw from
agricultural waste, the plastic limit values of the
soils have increased. While the highest plastic
limit value was 21,18% in the parcel where 900
kg of wheat straw was applied per decare, the
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lowest plastic limit value was observed in the
control parcel (16,67%). According to the
ANOVA test result, the applications were found
to be statistically significant above the plastic
limit (P<0,05). The increase in plastic limit values
due to the application has been associated with
organic matter. Giilser and Candemir [15] stated
that due to the increase in organic matter, plastic
limit also increased from Atterberg limits.

The variation of the field capacity and available
water content of the soils subject to study is given
in Figure 4 and Figure 5, respectively.
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Figure 4. Variation of field capacity depending on the
application
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Figure 5. Application-dependent variation of useful
water content

While the highest field capacity was observed in
the parcels with 900 kgs per decare (35,1%), the
lowest value was detected at the control point
(32,6%). When we look at the available water
content of the experimental plots, the lowest
control point (15,6%) and the highest point where
900 kg of wheat straw was applied per decare
(18%) was obtained. The increase in field capacity
and available water content was associated with
organic matter. According to the ANOVA test
results, the field capacity and available water
content were found to be statistically significant
(P<0,05). In the study conducted by Montenegro
et al. [16], it was stated that vegetal waste
practices significantly increased the amount of

moisture retained in the soil. Another researcher
reported that straw mulchers support water storage
of soils [17]. The results we obtained in the field
of study support previous studies. As the amount
of chaff in the trial plots increased, the amount of
organic matter changed compared to the control.
With the increase in organic matter, the variables
of liquid limit, plastic limit and field capacity,
which is a character of water holding capacity,
increased in direct proportion.

4, Conclusion

In this study, the changes caused by wheat straw
from agricultural wastes on the moisture content
of soils were investigated.

It has been concluded that the changes occurring
in the organic matter amounts of the soils and the
applications are effective. Due to the increase in
organic matter, the liquid limit, plastic limit, field
capacity and available water amount of the soils
increased. According to the results of statistical
analysis

Considering its importance in dry agriculture and
soil moisture, increasing the organic matter in
poor soils increases the water capacity suitable for
the plant, decreases the surface flow, increases the
water and air holding ability of the soil by
improving its porosity properties, thus increasing
the yield and quality in crop production. In order
to prevent yield decreases due to low rainfall
conditions in first crop wheat cultivation under
Kahramanmaras conditions, application of 600 kg
and 900 kg of wheat straw per decare can provide
a good air-water balance in the root zone,
especially as a result of organic matter increase
and improvement of aggregate structures. In
addition, it can be predicted that mulch will
provide positive results in above-ground water
content retention.

In the light of the findings obtained from this
study, if long-term aggregation is desired in the
territory of the region, it can be recommended to
use it with organic matter regulators in addition to
vegetable mulch. The rate of change in our study
was generally lower than the findings in organic
mulch applications in the literature. For long-term
improvements, new studies can be carried out
under quantity adjustment, application times, soil
types, climatic characteristics and different
agricultural conditions. It may be suggested that
different dose combinations be developed. The
results of the applications will reflect positively
on the economic indicators of agricultural
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production. In addition, recommendations at the
farmer level should be developed based on the
results of the trials to be carried out in parcel
conditions.
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Gelis tarihi: 12 Kasim 2020 : : : : s 11 :
ol sekilde donatilmig bir ofistir ve aramalari tahmin etme yetenegi kilit bir
Kabul tarihi:28 Kasim 2020 - .. < . . .
Online Yaymlanma: 2 Mart 2021 faktordiir. Bir sirket, arama sayisin1 dogru bir sekilde tahmin ederek personel

ihtiyaclarini planlayabilir, hizmet seviyesi gereksinimlerini karsilayabilir,
miigteri memnuniyetini artirabilir  ve diger birgok optimizasyondan

Anahtar Kelimeler:

A ' yararlanabilir. Bu ¢aligmada, bir ¢agri merkezindeki gelen ¢agri sayisini tahmin
Makine Ogrenmesi

etmek i¢in zaman gecikmeleri ile entegreli Cok Katmanli Algilayict (Multilayer

511 Morkeri
%ﬁ;imgngm Perceptron - MLP) ve Uzun Kisa Vadeli Bellek (Long-Short Term Memory —
Zaman Gecikmesi LSTM) tabanli modeller gelistirilmistir. 12, 24, 36 ve 48’lik tahminler iretilip,

tahmin modellerinin performansi Ortalama Mutlak Hata (Mean Absolute Error -
MAE) kullanilarak degerlendirilmistir. Sonuglar, MLP tabanli modellerin MAE
degerlerinin 1,50 ile 13,58 arasinda, LSTM tabanli modellerin ise 19,99 ile
66,74 arasinda degistigini gostermektedir.

Forecasting Call Center Arrivals Using Machine Learning

Research Article ABSTRACT

Avrticle H_istory: A call center is an office equipped to handle a large volume of telephone calls
ii‘éi";’égj g Hg‘\’gmg %ggg for an organization, for which the ability to forecast calls is a key factor. By
Published online: 2 March 2021 forecasting the number of calls accurately, a company can plan staffing needs,

meet service level requirements, improve customer satisfaction and benefit

from many other optimizations. In this paper, we develop Multilayer Perceptron

,\Kﬂegc\ﬁ?r:gsl_:eammg (MLP) and Long-Short Term Memory (LSTM) based models combined with
Call Center time lags to forecast the number of call arrivals in a call center. We forecast 12,
Forecasting 24, 36 and 48 values ahead and the performance of the forecasting models has
Time Lags been evaluated using the Mean Absolute Error (MAE). The MLP based model

results show that the MAE values change between 1,50 and 13,58 and LSTM
based model results show that the MAE values change between 19,99 and
66,74.

To Cite: Ballouch M., Akay MF., Erdem S., Tartuk M., Nurdag TF., Yurdagiil HH. Forecasting Call Center Arrivals Using Machine
Learning. Osmaniye Korkut Ata Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 96-101.
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1. Introduction

One of the most important concepts that directly
affects the growth, success and prestige of
companies in today's business world is customer
satisfaction. Call centers that have become
prominent in the service sector have become the
primary communication tool for the majority of
companies and companies aim to increase
customer satisfaction through call centers.

60-80% of a call center budget is allocated on
labor costs [1]. Therefore, capacity planning is
one of the most important areas for call center
performance. Determining the minimum number
of agents to achieve the set targets directly affects
the profitability and customer satisfaction of the
company. Capacity planning is done according to
the workload. One of the most significant inputs
to the workload is the number of call arrivals. Call
arrival indicates the number of calls a call center
receives. The call count forecast is mostly
exploited to schedule the staff. Companies are
interested in the short term forecast to handle the
unforeseen and to optimize the staff schedule, and
in the long term forecast to hire or assign staff to
other tasks. For these reasons, it is very important
for companies to make an accurate forecast of the
number of call arrivals.

In the last few years, numerous methods have
been used to forecast call arrivals in a call center:
The number of call arrivals by developing a
normal copula model for the arrival process in a
call center was forecasted in [2]. Peak call arrivals
of rural electric cooperatives call center was
forecasted in [3]. They used Gaussian copula for
capturing the dependence between non-normal
distributions. The number of call arrivals by using
artificial neural network was forecasted in [4]. A
strategy for selecting a model in call centers was
offered in [5]. The strategy was based on flexible
loss function, statistical test and economic
measure of performance. The number of call
arrivals by using a prediction model based on the
Elman and Nonlinear Autoregressive Network
with Exogenous Inputs (NARX) Neural Network
and a back-propagation algorithm was forecasted
in [6]. An agent personalized call prediction
method that encodes agent skill information as the
prior knowledge for call prediction and
distribution was proposed in [7]. A data-driven
approach to predict an individual customer's call
arrival in multichannel customer support centers
was used in [8]. A simulation-based machine
learning framework to evaluate the performance
of call centers having heterogeneous sets of

servers and multiple types of demand was used in
[9]. Artificial neural networks to forecast the
number of call arrivals were used in [10]. Time
series statistical and machine learning methods to
forecast call volume in a call centre were used in
[11]. Call center performance with machine
learning was predicted in [12] and call center
arrivals at a call center was forecasted using
dynamic linear model in [13].

When the related papers in this field are
investigated closely, it is observed that integration
and optimization of time lags, which is an
important concept in time series forecasting, do
not appear in any of the studies. Therefore, further
studies are needed in this field to explore the
effect of time lags in the forecast of call count.
The main purpose of this study is to develop MLP
and LSTM based models combined with time
lags, which can forecast the number of call
arrivals, MAE has been used to assess the
performance of the models as this metric has been
frequently used in literature to assess the
performance of models for the forecast of call
count.

This paper is structured as follows: Section 2
provides description of the dataset. Section 3
presents the results and discussion. Section 4
concludes the paper.

2. Dataset Generation

In this study, we used a data set that has been
collected in 15-minute time intervals and obtained
from Comdata in Turkey. The data set includes
number of call arrivals from 1/1/2018 12:00:00
AM to 11/23/2019 11:45:00 PM. Figure 1 shows
the number of calls on a daily basis.

M \L
'~"U‘.-,\»‘.L"|* il "W‘ uh M"

| ”H'
Figure 1. Number of calls on a daily basis
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3. Results and Discussion

In this study, 12, 24, 36 and 48 forecast models
have been built in order to forecast the number of
call arrivals. MLP and LSTM have been utilized
to develop the forecast models as these two
methods have been found to show superior
performance as compared to all other methods for
time series forecasting problems in literature. The
models have been developed by using different
MLP and LSTM hyperparameter values and time
lag options.

The forecast strategy that has been used for all
models is a recursive strategy, which consists of
using a one-step model multiple times where the
prediction for the prior time step is used as an
input for making a prediction on the following
time step.

Finding the best sliding time window for a time
specific time series is a very important issue. A
sliding time window means a group of time lags
which employ to utilize a forecast. The length of
the sliding windows is important issue in the
forecasting performance. A small window gives
limited information to the model. In this study,
three rules have been utilized to select sliding
windows. The rules of the sliding windows are
given below;

e 1to N: use all lags starting from 1 till a given
value.

e Autocorrelation (AC) > Threshold: use all
lags for which the autocorrelation values are
above a given threshold.

e Best N AC: use lags which have the highest
N autocorrelation values.

Table 1 and Table 2 show that MLP based
forecasting models and results.

10,83
10

6,41
4,01 4,14
4
2 I I
1]

12-step 24-step Ib-step A8-step

MAE
o~

Figure 2. Comparison of the number of forecasts

Table 1. Forecasting models and MAE results

Models  Forecasts Time Lag Hidden Selected MAE
Option Layer Time Lags
Neuron
Number
Model Best 10 1,234,
1 12 AC 13 567,89, 4,95
10
1,2,3,4,
567,89,
Model 2 Best 20 AC 10, 12, 95,
12 5 96, 97, 98, 137
99, 100,
193, 194
Model
3 12 AC>07 15 1,2,310 4,72
Model
4 12 AC > 0.8 13 1,2 5,05
M‘;de' 12 lton 6 1108 2,29
M‘;de' 12 lton 6 11016 5,67
Model Best 10 1,234,
7 24 AC 9 56,7,8,9, 3,77
10
1,234,
567,89,
Model 8 Best 20 AC 10, 12, 95,
24 9 96, 97, 98, 3,07
99, 100,
193,194
Model
9 24 AC>07 6 1,2,3,10 10,90
Model
10 2 AC>0,8 6 L2 8.43
Model 2 lton 13 1108 871
11
Model 24 lton 13 1t016 3,55
12
9
8 7,72
5 6,73
6
w S 459
=4
z .,
3
2
1
0
BestN A.C AC > Treshold LtoN

Figure 3. Comparison of time lag options
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Table 2. Forecasting models and MAE results

Models Forecasts Time Hidden Selected MAE
Lag Layer Time Lags
Option Neuron
Number
Model Best 10 1,234,
13 24 AC 35 56,7,8,9, 4,32
10
1,234,
567,809, 318
Model 36 Best 20 35 10, 12, 95,
14 AC 96, 97, 98,
99, 100,
193, 194
Model AC >
15 36 07 17 1,2,3,10 5,52
Model AC >
16 36 08 17 1,2 3,73
Model 3% lton 20 108 387
17
Model 36 lton 20 11016 422
18
Best 10 1,2,3,4,
Model 48 AC 30 56,7809 1096
19
10
1,234,
56,7809,
Model Best 20 10, 12, 95,
4 12
20 8 AC %0 9,97,98,
99, 100,
193, 194
Model AC >
21 48 07 5 1,2,310 9,83
Model AC >
2 48 08 10 1,2 13,59
Model 48 lton 5 108 12,99
23
M;fe' 48 lton 1 1t016 12,53

It can be seen from Figure 2 that forecasting the
next 12 values yields lower error rates as opposed
to the other values. The arithmetical mean of the
MAE values for the 12-step is 4,01 while the
mean value is 6,41 for 24-step, 4,14 for 36-step
and 10,83 for 48-step. According to the MAE's
given in Figure 3, between the three options of
selecting time lags, the arithmetical mean MAE
for the first option (i.e. Best N AC) has been
calculated as 4,59, for the second option (i.e. AC
> Threshold) the mean value is 7,72 and finally
the mean value for the third option (i.e. 1 to N) is
6,73. By comparing these options of time lags,
one can say that Best N AC option gives more
accurate results than other options.

Table 3 and Table 4 show LSTM based
forecasting models and results.

60 58,76
h 54,17
50
20 39,3
w
<
: a0
o 35,64
20
; I
12-step 24-step 3b-step 48-step

Figure 4. Comparison of the number of forecasts

Table 3. Forecasting models and MAE results

Models  Forecasts Time Lag Hidden Selected MAE
Option Layer Time Lags
Neuron
Number
Model Best 10 1,234,
1 12 AC 13 56,789, 19,99
10
1,234,
56,7,8,9,
Model 2 Best 20 AC 10, 12, 95,
12 > 96,97,08, 2431
99, 100,
193, 194
Model
3 12 AC>07 15 1,2,310 31,8
Model
4 12 AC > 0.8 13 1,2 27,37
Mgde' 12 lton 6 1108 24,04
Mgde' 12 lton 6 ltol6 2634
Model Best 10 1,2,3,4,
7 24 AC 9 56,7,809, 46,18
10
1,234,
56,789,
Model 8 Best 20 AC 10, 12, 95,
2% o 96,97,98 -0
99, 100,
193, 194
Model
9 24 AC>0.7 6 1,2,310 31,33
Model
10 24 AC>08 6 1,2 36,29
Model 24 lton 13 1108 46,04
11
Mlozde' 24 lton 13 1t016 38,02

It can be seen from Figure 4 that forecasting the
next 12 values yields lower error rates as opposed
to the other values. The arithmetical mean of the
MAE values for the 12-step is 25,64 while the
mean value is 39,30 for 24-step, 58,76 for 36-step
and 64,17 for 48-step. According to the MAE's
given in Figure 5, between the three options of
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selecting time lags, the arithmetical mean MAE
for the first option (i.e. Best N AC) has been
calculated as 42,72, for the second option (i.e. AC
> Threshold) the mean value is 43,79 and finally
the mean value for the third option (i.e. 1 to N) is
44,46. By comparing these options of time lags,
one can say that Best N AC option gives more
accurate results than other options.

Table 4. Forecasting models and MAE results

Models  Forecasts Time Lag Hidden Selected MAE
Option Layer Time Lags
Neuron
Number
Model Best 10 1,2,3,4,
13 24 AC 35 567,809, 39,25
10
1,2,3,4,
56,7809,
Model Best 20 AC 10, 12, 95,
14 36 % 96, 97, 98, s0.72
99, 100,
193, 194
Model
15 36 AC>07 17 1,2,3,10 66,74
Model
16 36 AC >08 17 1,2 60,14
Model 36 lton 20 1t08 54,41
17
Model 36 lton 20 1t016 61,78
18
Best 10 1,234,
Model 48 AC 30 567,89 5868
19
10
1,2,3,4,
56,7,8,9,
Model Best 20 AC 10, 12, 95,
20 48 30 96,97, 98, 64,61
99, 100,
193, 194
Model
21 48 AC>07 5 1,2,3,10 50,4
Model
2 48 AC>08 10 1,2 46,22
Model 48 lton 5 108 54,7
23
Model 48 tton 1 1t016 50,4

24

445 4446
a4 4379
435
w
<
2 5
42,72
425
42
415
Best NAC AC » Treshold 1to N

Figure 5. Comparison of time lag options

MLP based models yield lower MAE's than that
of LSTM based models. This is due to the fact
that LSTM did not integrate well with the time
lags and therefore could not capture the
dependencies between the subsequent calls.

4., Conclusion

Among all the models that were developed in this
study, a total number of three options have been
used for determining the time lags. According to
the results, MLP-based models give better results
than LSTM-based models and it has been
observed that the changes of the time lags options
used in the forecasting models change the
forecasting MAE significantly. The most
favorable option appears as “Best N AC”, and the
least favorable option is “AC > Threshold".
According to those observations, we concluded
that the usage of data set autocorrelations plays
important role in finding the optimal time lags
values.
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Arastirma Makalesi OZET

Makale Tarihgesi: Bu c¢aligma, erkek Japon bildircinlarinin (Coturnix coturnix Japonica) karma yemlerine
S;Lljlt?;?ﬁllz 51%;;?:3820 farkl1 seviyelerde biberiye esansiyel yag ilavesinin performans parametreleri, bazi serum
Online Yaymlanma: 2 Mart 2021 Olutleri ile lireme hormonlarina olan etkisini saptamak i¢in yiiriitilmiistiir. Calismada
hayvan materyali olarak 49 giinliik yasta 60 adet erkek Japon bildircini kullanilmistir.
Deneme 4 muamele grubunda 5 tekerriirlii olarak, her bir kafeste 3 adet hayvan bulunan 20

alt grupta, 3 hafta siireyle yliriitiilmiistiir. Calismada biri kontrol (0 mg/kg) ve 31 farkli

Anahtar Kelimeler:
Biberiye esansiyel yag

Erkek Japon bildireins seviyede (100, 200 ve 400 mg/kg) biberiye esansiyel yag katkili olmak {izere 4 farkh
Performans karma yem hazirlanmistir. Arastirma sonunda erkek bildircin karma yemlerine biberiye
Serum esansiyel yag ilavesinin canli agirlik kazanci ile serum parametrelerinden glikoz iizerine
Ureme hormonlar olan etkisinin istatistiki olarak onemli oldugu (P<0,05); buna karsilik ele alinan diger

olgiitler tizerine olan etkisinin énemsiz oldugu gorillmistir (P>0,05).

Effects of Rosemary Essential Oil Supplementation on Performances, Some Serum Characteristics and
Reproductive Hormones of Male Japanese Quails

Research Article ABSTRACT

Avrticle History: This study was carried out in order to determine the effect of different levels of rosemary
i(e:zzg’tggj g,s\leofcgmg: gggg (Rosmarinus officinalis L.) essential oil on performance parameters, some serum
Published online: 2 March 2021 characteristics and reproductive hormones of male Japanese quails (Coturnix coturnix

Japonica). In the study, 60 male Japanese quails at the age of 49 days were used as animal

Keywords: material. The study was conducted with 5 replications in 4 treatment groups, in 20
mslzfggznese il subgroups with 3 animals in each cage, for 3 weeks. In the study, 4 different mixed feeds
Performche a were prepared, one of which was control (0 mg/kg) and 3 of them at different levels (100,
Serum 200 and 400 mg/kg) of rosemary essential oil. At the end of the study, it was determined
Reproductive hormones that the effect of rosemary essential oil addition to male quail rations on body weight gain

and glucose, among serum parameters, were statistically significant (P<0,05). On the other
hand, it was seen that its effect on the other parameters was insignificant (P> 0,05).
To Cite: Sevim B., Gokmen SA., Curabay B., Cufadar Y., Ayasan T., Bahtiyarca Y. Erkek Japon Bildircinlarinin Karma Yemlerine
Biberiye Esansiyel Yag Katkismin Performans, Serum Olgiitleri ve Ureme Hormonlar1 Uzerine Etkisi. Osmaniye Korkut Ata
Universitesi Fen Bilimleri Enstitiisii Dergisi 2021; 4(1): 102-109.
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1. Giris

Biberiye (Rosmarinus officinalis L.) Lamiaceae
familyasindan Onemli bir tibbi ve aromatik
bitkidir. Biberiye, cali gdriimiinde, yi1l boyunca
yesil renklere sahip, 50-100 cm boylanabilen, ¢cok
yillik bir bitkidir. Akdeniz iklim kusaginda yabani
olarak yetisebilen biberiye, farkli sektorlerde
farkli amaglarla (tip, gida ve siis bitkisi) Diinya’da
genis  kullamim alanina sahiptir.  Biberiye
Tiirkiye’de odun dig1 orman iirlinleri kategorisinde
yer almaktadir [1].

Gliglii bir antioksidan etkinlige sahip olan
biberiyenin, biinyesinde ihtiva ettigi ugucu
yaglarmm biiyiik bir c¢ogunlugu monoterpenler,
seskiterpenler, diterpenler gibi terpen
hidrokarbonlardan olusan ve bunlarin oksijene
tirevleri olan alkoller, esterler, aldehit ve
ketonlardan olugmaktadir [2]. Ayrica biberiyede
bulunan fenolik bilesiklerin serbest radikalleri
temizledigi ve bu Ozellikleri sayesinde oksidatif
strese karst koruma sagladiklar1 ve artan
antioksidan kapasite sayesinde kardiyovaskiiler
hastalik gibi kronik hastalik riskini azalttig1
belirtilmistir [3]. Biberiye’ de bulunan karnosik
asit sentetik antioksidanlardan ¢ok daha etkili bir
aktioksidan olarak bilinmektedir [30]. Polat ve
ark. [4], biberiyenin antitlimoér, antimikrobiyal ve
antienflamatuar etkilerinin oldugunu
bildirmislerdir.

Bitkisel ekstralarin ¢gogunda oldugu gibi biberiye
de istah1 tesvik etmesinin yaninda tikiirik
salgisini, safra asitlerinin sentezini, lipitlerin
sindirimini ve emilimini artirir [32]. Amilaz,
proteaz ve lipaz gibi enzimlerin salinimini ve
aktivitesini uyararak sindirilebilirligini artirdigini
bildiren ¢alisma da bulunmaktadir [33].

Biiyiiyen bildircinlarda rasyona 200 ve 250 mg/kg
biberiye esansiyel yagi ilave edilen rasyonlarla
yemlenen gruplarda, deneme sonu itibariyle
biberiye ucucu yag ilavesinin canli agirlik artisi,
yem tiiketimi, yemden yararlanma orani iizerine
onemli bir etkisi tespit edilmemistir [14]. Etlik
piliclerde rasyona 100 mg/kg seviyesinde biberiye
esansiyel yagi ilavesinin performans
parametrelerinde Onem bir degismeye sebep
olmadig1 bildirilmistir [24]. Yine etlik pili¢lerde
yapilan ¢alismada 100 ve 200 mg/kg seviyesinde
biberiye esansiyel yagi ilavesinin performans
kriterlerini etkilemedigi fakat kan parametrelerine
etkisinin Onemli oldugu bildirilmistir [13] .
Bildircinlarda sicaklik stresinin olumsuz etkisini
azaltmak amaciyla yapilan caligmada rasyona
biberiye esansiyel yag1 ilavesinin canl agirlik ve

yem tiiketimine etkisi onemli olmaz iken, yemden
yararlanma oraninda ise iyilesme oldugunu
bildirmislerdir. Ayni ¢aligmada sicaklik stresi
uygulanan ve 250 mg/kg biberiye yagi igeren
grupta kan glikoz seviyesinin distiigi, toplam
HDL, LDL kolesterol ve trigliserit diizeylerinde
deneme gruplar1 arasinda onemli farklilik tespit
edilmedigi saptanmustir [23].

Spermin morfolojik dzelliklerini  ve islevini
etkilemesi muhtemel olan oksidatif stres erkek
kanatlilarda iireme sistemini olumsuz
etkileyebilir.  Kanatli  spermatozoast  ¢oklu
doymamis yag asitlerince zengin oldugundan
oksidatif stresi tetiklemektedir. Oksidatif stres,
spermin islevi, canliligt ve yapisina zarar
vermektedir. Mahdavi ve ark. [8], antioksidan
bilesenlerin spermatogenesisi iyilestirdigini ve
antioksidanlarin serbest radikalleri temizleyebilme
ozelliginden dolayr oksidatif stresin zararl
sonuglarim engelleyebilecegini ifade etmislerdir.
Bu nedenle antioksidan 6zellige sahip esansiyel
yaglarin erkek kanatli hayvanlarda {ireme organi
ozellikleri etkileme potansiyeli bulunmaktadir.

Mevcut ¢alisma erkek bildircin karma yemlerine
biberiye esansiyel yag katkisinin performans, bazi
serum parametreleri, ireme hormon seviyelerine
olan etkilerini belirlemek amaciyla yapilmistir.

2. Materyal ve Metot

Materyal

Arastirma, Selcuk Universitesi Ziraat Fakiiltesi
Zootekni Bolimii Prof. Dr. Orhan Diizgiines
Hayvancilik Arastrma ve Uygulama Tesisinde
bildircin deneme kiimesinde yiirtitlilmiistiir.

Calismada hayvan materyali olarak 49 giinliik
yasta 60 adet erkek Japon bildircini (Coturnix
coturnix Japonica) kullanilmistir. Deneme 4
muamele grubunda 5 tekerriirlii olarak, her birinde
3 adet hayvan bulunan 20 alt grupta, 3 hafta
stireyle yuriitiilmiistiir.

Calismada biri kontrol (0 mg/kg) ve 3’1 farkh
seviyelerde (100, 200 ve 400 mg/kg) biberiye
esansiyel yagi iceren olmak iizere 4 farkli karma
yem hazirlanmigtir. Karma yemler NRC [29]’da
Japon bildircinlari igin Onerilen besin madde
diizeyleri dikkate almarak formiile edilmistir
(Tablo 1). Deneme siiresince yem ve su ad libitum
olarak verilmistir. Aydinlatma ise giinde 23 saat
aydimlik ve 1 saat karanlik olacak sekilde
uygulanmustir.
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Tablo 1. Deneme karma yeminin hammadde bilesimleri ve besin maddesi kompozisyonlari

Hammaddeler (%)

Maisir 47,95

Soya Fasulyesi Kiispesi 44,50

Ham yag 4,40

Mermer Tozu 1,00

Tuz 0,30

DCP 1,20

Vitamin-mineral premiksi* 0,25

L-lisin 0,20

DL-metiyonin 0,20
Hesaplanmis besin madde kompozisyonu

Ham protein, % 24,07

Metabolik enerji, kkal/kg 2909

Kalsiyum, % 0,85

Kullanilabilir Fosfor, % 0,40

Lisin, % 1,34

Metiyonin, % 0,52

Sistin, % 0,31

Metiyonin+Sistin 0,83

*Premiks karma yemin 1 kg’inda; 8,800 U vitamin A, 2,200 U vitamin D3, 11 mg vitamin E, 44 mg nikotinik asit, 8,8 mg
Kalsiyum D-Pantotenat , 4,4 mg riboflavin, 2,5 mg tiamin, 6,6 mg vitamin By,, 1 mg folik asit, 0,11 mg D-biyotin, 220 mg
kolin, 80 mg manganez, 60 mg demir, 5 mg bakir, 60 mg ¢inko, 0,20 mg kobalt, 1 mg iyot, 0,15 mg selenyum saglar.

Metot

Performans Olgiitleri

Japon bildircinlarinin deneme baglangicinda ve
sonunda grup seklinde tartimlari yapilarak canli
agirliklar1 hesaplanmistir. Bu degerlerden deneme
bas1 canli agirlik degerleri ¢ikarilarak canli agirhik
kazanci (CAK) hesaplanmistir. Bildircinlarin
tikettigi yemler giinliik olarak tartilarak verilmis
ve donem sonunda kalan yemler toplam verilen
yemden c¢ikarilarak deneme siiresince tiiketilen
toplam yem miktar1 hesaplanmistir. Yem tiiketimi
(YT) hesaplamasinda 6len hayvanlarin YT’si géz
oniine alinarak diizeltme yapilmistir. Oliimler
glinliik kaydedilmis ve asagidaki formiil ile
yasama giicli hesaplanmistir. Yagam giicii (%) =
(Olen bildircin sayisi/Gruplardaki bildircin sayisi)
x100.

Ureme Organlarinin Olgiilmesi

Deneme sonunda her alt bdlmeden 2 bildircin
kesilerek icleri acilmigtir. Sag ve sol testisler
alinarak testislerin agirliklar1 hassas terazi ile
Olciilmiistiir. Daha sonra testislerin uzunlugu ve
genigligi dijital kumpas ile Sl¢lilmistiir. Her alt
bolmeden 2 bildircinda kloak bezi dlglimleri
digital kumpas ile (ylikseklik ve genislik)
yapilmistir. Kloak bezi ol¢iimleri Mutwedu ve
ark. [9]’un bildirdikleri metoda gore yapilmistir.
Alan (yikseklik*genislik) formilii, hacim ise (4/3
x 3,5414 x a xb? a=0,5 x yiikseklik ve b = 0,5 x
geniglik) formiilleri kullanilarak hesaplanmistir.

Testis agirhiginin canli agirhiga oram (Testis
Agirhig/ Deneme Sonu Canli Agirhik x 100)
formiilii ile hesaplanmustir.

Serum parametreleri

Deneme sonunda her alt grupta bulunan 1’er (5
adet/muamele) erkek Japon bildircinindan 10 ml
kan  Ornekleri alindiktan  sonra  servikal
dislokasyon ile insani bir sekilde oldiiriilmistiir.
Aliman kan ornekleri 5 dakika siire ile 3000
devir/dakika’da  santrifiij edilerek serumlar
ayrilmis ve analiz edilinceye kadar -20 °C’de
saklanmigtir. Serum glikoz, trigliserit, kolesterol,
kreatin, HDL, LDL kalsiyum, fosfor ve demir
igerikleri otoanalizor cihazinda tespit edilmistir.
Serum testosteron, FSH, LH ve 0strojen seviyeleri
ticari Kit (Siemens) yardimiyla belirlenmistir.

Istatistiki analizler

Muamelelerin incelenen parametrelere etkisinin
olup olmadigini belirlemek amaciyla elde edilen
verilere istatistik paket programi [10] kullanilarak
tek yonlii varyans analizi (ANOVA) uygulanmis
olup, muamele gruplan arasindaki farkliliklarin
belirlenmesinde Duncan Coklu Karsilastirma
Testi uygulanmustir [11].

3.Arastirma Bulgulari ve Tartisma

Biberiye esansiyel yaginin performans
parametreleri {izerine etkisi Tablo 2’de; bazi
tireme organ Olgiileri tlizerine etkisi Tablo 3’de;
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serum parametreleri lizerine etkisi ise Tablo 4’de
verilmistir.

Ergin erkek bildircinlarda rasyona farkl
seviyelerde biberiye esansiyel yagi ilavesinin
performans parametrelerinden deneme sonu canli
agirhk (DSCA), YT ve YG’ ne etkisi istatistiki
olarak 6nemsiz (P>0,05) olurken, CAK’na etkisi
istatistiki olarak 6nemli olmustur (P<0,05). Canli
agirlik kazanci, 400 mg/kg biberiye esansiyel yagi
iceren rasyonla yemlenen grupta kontrol grubuna
gore Onemli seviyede yiiksek olmus fakat diger
gruplarla arasindaki fark istatistiki olarak 6nemli
olmamustir. Cift¢i ve ark. [23], termondtral ¢evre
sartlarinda 0, 12 ve mg/kg biberiye esansiyel yagi
iceren rasyonlarla yemlenen bildircinlarda deneme
sonu CAK degerleri bakimindan gruplara arasinda
Oonemli seviyede farkliligin olmadigini
bildirmislerdir. Yine bildircinlarda yapilan diger
bir ¢aligmada ([17]), 200 ve 250 mg/kg biberiye
ucucu yagi igeren rasyonlarin kontrol grubuna
gore CAK bakimindan 6nemli seviyede farklilik
olusturmadigini belirtmiglerdir.

Deneme bast canli agirhik (DBCA), gruplarda
178,80-185,27 gr; deneme sonu canli agirlik
(DSCA)’da 184,53-200,13 gr arasinda tespit
edilmistir.  Yapilan bir ¢aligmada biberiye
yapraklarinin DSCA {izerine olan etkisinin 6énemli
oldugu bulunurken ([7]), Franciosini ve ark. [12])
etlik piliglerin karma yemlerine 2 g/kg biberiye
katkisinin canli agirlik iizerine etkisinin énemsiz
oldugunu bildirmistir. Yildirnm ve ark. [13], etlik
piliglerin yemlerine 0, 100 ve 200 mg/kg biberiye
katkisinin DSCA iizerine olan etkisinin istatistiki
olarak onemli oldugunu, karma yeme biberiye
katkisinin DSCA’y1 azalttiginmi tespit etmislerdir
(P<0,05).

Japon bildircinlarinin  karma yemlerine farkli
diizeyde biberiye esansiyel yagi katkistnin YT
tizerinde istatistiki bir farklilagmaya yol agmamus;
biberiye esansiyel yagi katilan gruplarda kontrol
grubuna gore bir artiy goriilmiistiir. Bu konuda
yapilan bir calismada etlik piliglerin karma
yemlerine 500 mg/kg biberiye ekstrakt1 ilavesinin,
YT’yi artirdigr goriilmiistiir (16]. Cetin ve ark.
[14], biberiye ucucu yag1 ilavesinin YT {izerindeki
etkisinin Onemsiz oldugunu bildirirken; yapilan
bir diger aragtirmada etlik piliclerin yemlerine O,
100 ve 200 mg/kg biberiye katkisinin YT {izerine
olan etkisinin istatistiki olarak 6nemli oldugu,
karma yeme biberiye katkisinin YT’yi azalttig
tespit edilmistir (13]. Cimrin [17] ise biberiye
katkissnin  YT’yi azaltarak kazang sagladigim
ifade etmistir. Yasama giicli, rasyona biberiye
esansiyel yagmin farkli diizeyde ilavesinden
etkilenmemistir (P>0,05).

Yasama giicii (YG) kontrol grubunda %2100
bulunurken; biberiye esansiyel yagi katilan
gruplarda %86,67-100,00 arasinda degerler
almigtir. Petrievi¢ ve ark. [15] ile Turan ve
Yigitarslan [18], c¢alismalarinda bildircinlarda
biberiye katkisinin YG fizerine etkisinin istatistiki
bir farklilik yaratmadigim tespit etmislerdir.
Bulgular bu iki arastiricinin bulgulartyla uyum
igerisindedir. Caligmada incelenen performans
parametreleri iizerinde meydana gelen
degisimlerin besleme yoOntemleri, beslemede
kullanilan  yemlerin  bilesimi, yeme katki
diizeyleri, kullanilan  biberiyenin  kaynagi,
hayvanin tiirii ve yasindaki farkliliklardan
kaynaklanmis olabilecegi diisiiniilmektedir.

Tablo 2. Biberiye esansiyel yaginin erkek bildircinlarda performans parametreleri tizerine etkisi

Rasyon Biberiye Esansiyel Yag: Seviyesi (mg/kg)

Parametreler 0 100 400 SHO P-Degeri
DBCA (9) 178,80 185,27 183 181,20 4,312 0,733
DSCA (9) 184,53 193,33 200,13 5,431 0,276

CAK (9) 5,73° 8,07%® 10,80% 18,932 2,820 0,03
YT (9) 14,88 14,70 15,90 0,465 0,210
YG () 1 0,00 86,67 93,33 5,270 0,261

DBCA Deneme basi canli agirlik; DSCA deneme sonu canli agirlik; CAK canli agirlik kazanci; YT yem tiiketimi;
YG yasama giicii; SHO Standart hata ortalamasi. ® ®: Ayn1 satirda farkli harf ile gdsterilen ortalamalar arasindaki fark

istatistiki olarak 6nemlidir (P<0,05).
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Tablo 3. Biberiye esansiyel yag katkisinin erkek bildircinlarda bazi iireme organlari 6lgiileri iizerine etkisi

Rasyon Biberiye Esansiyel Yagi Seviyesi (mg/kg)

Parametreler 0 100 40 SHO P-Degeri
TA (9) 4,82 5,60 6,22 0,324 0,055
TB (mm) 23,29 22,79 21,84 24,17 0,705 0,172
TE (mm) 14,39 14,91 15,12 15,46 0,392 0,307
TA/DSCA % 2,62 2,90 3,11 0,151 0,186
KBA (mm?) 383,90 389,8 390,40 412,70 35,192 0,94
KBH (mm?®) 4366 4305 4458 4741 662,4 0,967

DSCA: Deneme sonu canlt agirhigs; TA: Testis agirligi; TB: Testis boyu; TE: Testis eni; KBA: Kloak bezi alani; KBH: Kloak bezi

hacmi; SHO Standart hata ortalamasi

Mevcut calismada erkek bildircin rasyonlarina
biberiye esansiyel yagi ilavesinin {ireme organlart
Olciitleri tizerine istatistiki agidan etkisi dnemsiz
olmustur (P>0,05). Incelenen olgiitlerden testis
agirlign (TA), biberiye esansiyel yag katkist
yapilan gruplarda 5,50-6,22 g bulunurken; kontrol
grubunda 4,82 g olarak saptanmigtir. Japon
bildircinlarinda testis boyu (TB) 21,84-24,17 mm;
testis eni (TE) 14,39-15,46 mm ve de TA/DBCA
%2,62-3,11 arasinda degerler almistir.

Bildircinlarda kloak bezinin gelisimi androjen
aktivitesi altindadir ve testis gelisimi, hayvan
olgunlugu ve cinsel aktivitenin bir gostergesi
olarak kabul edilmektedir [9]. Kloak bezi alan1 ve
hacmi, cinsel olgunlasma esnasinda erkek
bildircinlarda  androjen durumunun iyi bir
gostergesidir [20]. Mevcut ¢alismada kloak bezi
alan1  biberiye esansiyel yag katkisindan
etkilenmemistir (P>0,05). Kloak bezi hacmi de
gruplarda 4305-4741 mm?® arasinda degerler
almustir.

Tablo 4. Biberiye esansiyel yag katkisinin erkek bildircinlarda bazi serum parametreleri iizerine etkisi

Parametreler

Rasyon Biberiye Esansiyel Yagi Seviyesi(mg/kg)

SHO P-Degeri

0 100 400

Glikoz (mg/dI) 301,400  309,20® 322,00 339,40° 7,713 0,016
Trigliserid (mg/dl) 74,40 82, 0 77.40 89,40 6,212 0,370
Kolesterol (mg/dl) 25960 237,40 233,00 241,60 16,348 0,681
Toplam protein (g/dl) 2,84 2, 0 2,82 0,159 0,851
Fosfor (mg/dl) 5,34 5,36 6,00 0,262 0,182
Kalsiyum (mg/dl) 9,16 9,38 8,92 0,348 0,780
Toplam testosteron 15210 175,80 153,90 169,90 28,791 0,918
(mg/dl)

35 Aym satirda farkli harf ile gosterilen ortalamalar arasindaki fark istatistiki olarak énemlidir (P<0.05).

Kimyasal olarak kan parametreleri hayvanlarin
sagligin1 yansitan Olgiitlerdendir. Bu parametreler
hayvanlarin beslenme ve fizyolojik durumlarini
gosteren temel gostergelerdir [21].

Mevcut c¢alisma sonuglarina goére, rasyona
biberiye esansiyel yag katkisimn  serum
parametrelerinden glikoz seviyesini rasyonda
artan biberiye esansiyel yagi seviyesinin artigiyla
dogrusal olarak artis gostermis, fakat bu artis
kontrol grubuna gore sadece 400 mg/kg biberiye
esansiyel yagi iceren grupta onemli seviyede
olmustur (P<0,05). Bununla birlikte incelenen
diger serum parametrelerine rasyon farkli biberiye
esansiyel yagi ilavesinin etkisi dnemli seviyede
farkliliga sebep olmamigtir. Daha 6nceki yillarda
yapilmig c¢alismalarda serum parametrelerine

biberiye esansiyel yaginin etkilerine dair sonuglar
farklilik igermektedir.

Belenli ve ark. [24] tarafindan 100 mg/kg biberiye
esansiyel yagi iceren rasyonlarla yemlenen etlik
piliclerde kontrol grubuna gdre serum trigliserit,
glikoz, total protein ve albiimin seviyelerinin
degismedigi, total kolesterol seviyesinin azalirken
total lipid seviyesinin arttigim bildirmislerdir.
Yildirnm ve ark. [13] tarafindan etlik piliclerde
yapilan caligmada rasyona 100 ve 200 mg/kg
biberiye esansiyel yag ilavesiyle serum trigliserit
seviye lineer olarak artarken, kolesterol ve HDL
seviyeleri 6nemli seviyede degismemistir. Serum
glikoz ve LDL seviyesi ise 200 mg/kg biberiye
esansiyel yagi iceren rasyonla beslenen grupta
onemli seviyede azaldigi bildirilmistir. Cift¢i ve
ark.[23], bildircinlarda  rasyona 125  mg/kg
biberiye esansiyel yagi ilavesinin serum glikoz
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seviyesinde Onemli olarak artisa sebep oldugunu
bildirmislerdir. Bununla birlikte rasyona biberiye
esansiyel yagi ilavesinden serum trigliserit,
kolesterol, HDL ve LDL seviyelerinin 6nemli
olarak seviyede etkilenmedigini belirtmislerdir.
Ghazalah ve Ali [7], etlik piliclerde biberiye
yapraklarmin kan glikoz seviyesinde Onemli
seviyede azalmaya sebep oldugunu
bildirmislerdir. Bu calismalarimin sonuglari1 ile
mevcut ¢alisma sonuglari arasinda benzerlikler
oldugu gibi bazi parametrelerde farkhiliklar da
bulunmaktadir. Rasyona biberiye esansiyel yagi
ilavesinin serum glikoz seviyesinin azaltilmasinda
etkili olabilecegi bazi ¢alismalarda [7, 13,
23] bildirilirken, bazi ¢aligmalarda ise boyle bir
etkinin olmadigi [24] ifade edilmistir.

Biberiye  esansiyel  yagimin  hipoglisemik
aktivitesini, endojen glikoz {iretiminin inhibisyonu
veya intestinal glikoz  absorpsiyonunun
inhibisyonu yoluyla instilin sekresyonundan
bagimsiz bir mekanizma ile iiretiyor olabilecegini
gosterdigi belirtilmistir [30, 31]. Fakat yapilan bu
cogu calismada rasyonda kullanilan biberiye
esansiyel yagi seviyesinin 400 mg/kg kadar
ulasmadig1 ve serum Orneklerinin hem erkek hem
disi olarak karisik cinsiyetteki hayvanlardan
almmasi sonuglardaki uyumsuzlugun muhtemel
sebebi olabilir. Diger taraftan yukarida belirtilen
¢ogu calismada serum kolesterol ve total protein
ile ilgili sonuglar mevcut calisma sonuglan ile
uyum igerindedir.

Mevcut ¢alismada rasyona biberiye esansiyel yagi
katkisi, serum Ca ve P diizeylerini etkisi 6nemsiz
olmustur (P>0,05). Mevcut ¢alismada ortalama
Ca ve P diizeyleri sirasiyla 9,20 ve 5,66 mg/dl
olmustur. Abo Ghanima ve ark. [25], biberiye
katkisinin serum Ca ve P diizeylerine olan
etkisinin 6nemli saptamasi, denemede elde
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