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Oz

Glintimtizde farkli veri setleri ile trendlerin belirlenmesi i¢in pek ¢ok yontem
mevcuttur. Bu calismada trend analizi ¢alismalarinda siklikla kullamilan Mann-
Kendall (MK) trend analizi ile son yillarda popiiler hale gelmis olan Yenilik¢i Egilim
Coziimlemesi (YEC), Yenilikci Egilim Coziimlemesi icin Gelistirilmis Gorsellestirme
(GG-YECQ) kiyaslamas1 yapilmustir. Ayrica son yillarda 6nerilen Sagihm Diyagramu ile
Kombinasyonlu Wilcoxon Trend Testide (SDKWTT) bu karsilastirmaya dahil
edilmistir. Bu amagla Tiirkiye'nin Akdeniz Bolgesinde yer alan Kopriicay nehrine ait
Beskonak akim gozlem istasyonundan alinan 1942-2015 su yillarina ait 74 yillik aylik
akim verisi kullanilmigtir. Her ay kendi ig¢inde ve yillik ortalama degerlerin trendleri
karsilastirilmistir. Bu nedenle 13 farkli trend testinin kiyaslamasi yapilmistir. Ancak
homojenlik testi yapildiginda Agustos ve Ekim aylari verilerinin % 95giiven
araliginda homojen olmadig: tespit edilmis ve bu aylara ait veriler kiyaslamada
kullanilmamuistir. Calisma sonucunda yontemler arasinda ¢ok biiytik farklar olmadigi
testlerin tamaminin kullaniminin uygun oldugu, ancak birlikte kullanilmalarinin
giivenilirligi arttirdig: tespit edilmisgtir.

Anahtar kelimeler: Trend Analizi, Mann-Kendall, Yenilik¢i Trend Testi, Sagilim Diyagrami
ile Kombinasyonlu Wilcoxon Trend Testi, Beskonak
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Comparison of Mann-Kendall Trend Test and Innovative
Methods: Beskonak Monthly Flow Data Example

Abstract

Today, there are many methods available to determine trends with different data sets.
In this study, a comparison was made between Mann-Kendall (MK) trend analysis,
which is frequently used in trend analysis studies, and Innovative Trend Analysis
(YEC), which has become popular in recent years, and Enhanced Visualization for
Innovative Trend Analysis (GG-YEC). Additionally, the Wilcoxon Trend Test in
Combination with Scatter Diagram (SDKWTT), which has been proposed in recent
years, is included in this comparison. For this purpose, 74-year monthly flow data for
the water years 1942-2015, taken from the Beskonak flow observation station of the
Kopriicay River in the Mediterranean Region of Turkey, was used. The trends of each
month and annual average values were compared. Thus, a comparison of 13 different
trend tests was made. However, when the homogeneity test was performed, it was
determined that the data for August and October were not homogeneous within the
95% confidence interval, and the data for these months were not used in comparison.
As a result of the study, it was determined that there were no major differences
between the methods; all tests were appropriate to use, but using them together
increased reliability.

Keywords: Trend Analysis, Mann-Kendall, Innovative Trend Test, Wilcoxon Trend Test in
Combination with Scatter Diagram, Beskonak



Mann-Kendall Trend Testi ile Yenilik¢i Yontemlerin Kiyaslanmast: Beskonak Aylik Akim Verileri Ornegi

1. Giris

Trend analizi ¢alismalar1 bir¢ok alanda
olduk¢a  6nemlidir.  Ornegin  su
kaynaklar1 yapilarinin projelendirilmesi
ve planlamas: gibi pek ¢ok safhasinda
giivenilir bir trend testi optimum fayda
saglamak icin gereklidir. Literatiirde pek
cok trend testi gelistirilmistir.
Istatistiksel analizler bunlarin basinda
gelmektedir. Ozellikle trend analizi
calismalarinda siklikla kullamilan MK
trend testleri  bunlarin  basinda
gelmektedir. Pek cok calisan tarafindan
(Gl 2018; Koycegiz ve Buyukyildiz,
2022; Acar, 2024a) kullanilan MK ¢ok
farkl: biiytikliiklerin trend analizinde de
kullanilmistir. Su kalitesi (Fattah vd,
2024), yeralt1 suyu (Adombi vd, 2024),
akarsu akimi (Acar, 2024 b) ve yagis
(Suryanto ve Krisbiyantoro, 2018) gibi
pek cok alanda trend analizi tespitinde
kullanulmistir. Saplioglu ve arkadaslar1
(2019) yaptiklar1 calismada farkli zaman
icin MK'min farkli sonug
verebilecegini ortaya koymuslardir.

araliklar:

[statistiksel yéntemin yanu sira grafiksel
olarak karar vermeyi kolaylastiran ve
literatiirde siklikla
baslanan yontemler teklif edilmistir. Sen
(2014) YEC metodunu teklif etmistir. Bu
metot zaman serisinin ikiye boliinmesi

kullanilmaya

ve ikiye boliinen zaman serilerinin siral
bir sekilde sa¢ilim diyagraminda
karsilagtirilmas1 {izerine dayanir. Bu
calisma pek ¢ok calisan tarafindan trend
analizi ¢alismalarinda kullanilmistir
(Giglii, 2018; Dabanli, 2019; Sen ve
Sisman, 2023). Sonraki yillarda bu
yontemin baz alindig1 yeni calismalar
Giglii  (2020)  yaptigr
calismada ikiye ayrilmis ve siralanmis

sunulmustur.

verilerin yatay eksende gosterildigi ve
aralarindaki farkinda yatay eksende
gosterilerek kiyaslandigi bir yontem
GG-YEC teklif etmistir. Sonraki yillarda
Saplioglu ve Giiglii (2022) tarafindan
yapilan bir calismada ise YEC benzeri bir
grafik kullanildigr ancak verilerin
siralanmadig1r bir yontem (SDKWTT)
teklif edilmistir. Bu g¢alismada grafik
istatistiksel olarak
desteklenmesi isleminin Wilcoxon ile
yapimasi teklif edilmistir. Boylelikle

yontemin

MK ile elde edilen Z degerinin
kiyaslanabildigi bir yontem
sunulmustur. Bu  yontem  farkh

calisanlar (Jiang vd., 2023; Buyukyildiz,
2023; Acar, 2024a) tarafindan da test
edilmistir.

Bu calismada literatiirde siklikla
kullanulan MK trend testi ile son yillarda
grafik olarak karar vermeyi teklif eden
ve temelini Sen (2012) tarafindan ortaya
atilan YEC'in olusturdugu modellerin
kiyaslamasi yapilmistir. Ayrica GG-YEC
ve SDKWTT yoéntemlerinin de MK ile
kiyaslanmistir. Bu yontemlerden YEC ve
GG-YEC ikiye boliinmiis veri setini
kiyaslar. Tki yontemde de veriler
kiiciikten biiyiige siralanur. SDKWTT da
ise ikiye boliinmiis verilerin grafiksel
goriintimiinii baz alir. Ancak bu veriler
siralama  yapilmaksizin  kullanilir.
Ayrica SDKWTT Wilcoxon test istatistigi
ile kullanildig; i¢in istatistiksel olarak ta
MK dan elde edilen Z degeri ile de
kiyaslanabilir. Bu amagla c¢alismada
1942-2015 yillar1 arasinda Devlet Su
Isleri (DSIyden alman aylik akim
ortalamalar1 kullanilmistir. Ayrica yillik
olarak da ortalama degerlerin trendi
incelenerek kiyaslama yapilmustir.
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2. Materyal ve Yontem
2.1 Veriler

Makalede kargilagtirma yapilabilmesi
i¢in Tiirkiye’nin Akdeniz Bolgesinde yer
alan Kopriicay nehrine ait Begkonak
Ol¢lim istasyonunun (Sekil 1) 1942-2015
yillar1 arasindaki 74 yillik aylik ortalama
akim degerleri ile yillik ortalama akim
degerleri kullanilmigtir. Bu istasyona ait
tanimlayici istatistiktik degerleri Tablo
1’de verilmistir. Ayrica zaman serisi

verilerinin  aym  kiimeden  olup
olmadiginin incelenmesi gerekmektedir.
Herhangi  bir = zaman  serisinin

homojenligini test eden gesitli yontemler
vardir. En ¢ok kullanilanlardan biri Runs
(Swed-Eisenhart) testidir. Bu testteki
hipotez, ayni zaman serisindeki verilerin
ayni kiimeden geldigi ve homojen
oldugudur. Testin uygulanabilmesi igin
oncelikle medyan degeri bulunur. Daha
sonra serisindeki
medyanin iistiinde veya altinda olup
olmadigina bakilir. Bu hesaplamalar
sonrasinda Denklem 1'den test degeri
hesaplanir. Bu test sonuglarina gore % 95

zaman verilerin

glven aralig1 disinda kalan Agustos ve
Ekim aylarmna ait verilerin kiyaslamada
kullanilmamasina verilmisgtir.
Homojenlik ve otokorelasyon testi
sonucunda bir veri istenilen sinirlarin
diginda kaliyorsa bu durumda bu
meriler {izerinde trend analizi yapilmasi
uygun degildir (Saplioglu ve Giigli,

karar

2022). Bu nedenle trend analizi
yapilmadan Once korelasyon testide
yapilmustir. Otokorelasyon testi
degerinin giivenilir bir trend analizi i¢in
0.30  degerinin  altinda  olmasi
gerekmektedir. Ustiinde olmasi

durumunda Prewhitening yapilmalidir.
Calismada elde edilen otokorelasyon
sonuglar1 Tablo 3’de sunulmustur. Bu
tabloya gore tiim sonuglar trend analizi
i¢in uygundur.

r_2NaNy
Ng+Ny

2NgNy (2NgNy—N)
NZ(N-1)

Burada R, Runs sayisidir, N, medyanin
altindaki sayisidir, Ny,
medyanin degerlerin

Zp = M

degerlerin
iistiindeki
sayisidir ve N, veri sayisidir.

Tablo 1. Beskonak akim goézlem istasyonu aylik ortalama verilerin tamimlayic

istatistigi
Ek. Kas. Ar. Oc. Sub. Mar Nis. May Haz. Tem. Ag. Ey. YOrt.

Ort. 40 55 112 137 135 119 115 95 66 48 39 36 83
S Hata 2 3 8 9 7 4 3 3 2 1 1 1 2

Medyan 37 44 98 125 125 117 114 95 64 48 40 36 83
Std Sap. 14 29 73 74 5 33 29 23 15 9 7 7 19
Basiklik 127 54 52 11 -04 -04 -09 -04 02 2.1 2.8 29 0.3
Carptklk 30 20 19 10 06 03 00 02 06 1.0 1.0 0.9 0.5
Aralik 90 166 390 343 238 144 112 101 68 46 40 41 96
EnKiigik 23 23 34 38 45 56 61 51 40 33 27 22 50
EnBliyiik 113 189 425 380 283 200 172 152 108 80 67 63 146
GDuz95% 3.1 67 169 172 130 76 67 53 34 2.1 1.6 1.5 44
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Sekil 1. Beskonak akim 6l¢iim istasyonu lokasyon haritasi

Tablo 2. Beskonak Akim Gozlem Istasyonu Aylik Ortalama Verilerin Runs Test

Sonuglari
Ek. Kas. Ar. Oc. Sub. Mar. Nis. May. Haz. Tem. Ag. Ey. YOrt.
T.D.Med 37 44 98 125 125 117 114 95 64 48 40 36 83
D<T.D 37 37 37 37 37 37 37 37 37 37 36 37 37
D>=TD 37 37 37 37 37 37 37 37 37 37 38 37 37
Top.D 74 74 74 74 74 74 74 74 74 74 74 74 74
Runs 32 34 39 31 33 43 33 32 32 33 27 29 31
V4 -4 -09 02 -16 -1,2 12 -12 -14 -1,4 -1,2 26 21 -1,6

T.0D 016 0,35 0,81 0,10 024 024 024 0,16 0,16 0,24 0,01 0,04 0,10
T.0.D -Testin Onem Derecesi, T.D-Test Degeri, D-Durumlar, T.D.Med.-Test Degeri Medyan

Tablo 3. Beskonak akim gozlem istasyonu aylik ortalama verilerin otokorelasyon test
sonuglari

Ek. Kas. Ar. Oc. Sub. Mar. Nis. May. Haz. Tem. Ag. Ey. YOrt.

Otokorelasyon 506 007 -014 013 001 -016 006 013 021 015 021 014 014

2.2 Yontemler degerindeki pozitif degerler artis,

negatif degerler ise azalma olarak ifade
Parametrik olmayan MK egilim testi,  edilmistir. Eger |Zp| > |Za /2| ise bir
zaman serilerindeki monotonik  trend olusumu vardir. Z, ;2 = £1.96
egilimlerin 6nemini degerlendirmek igin
yaygin olarak kullanilmaktadir. Zaman
serisindeki artis veya azalisin ifade
edilebilmesi i¢in Denklem 2 ile ifade

gicli egilim (%95 giiven aralign)
oldugu disiintliir (Saplioglu ve
Giigli, 2022).

edilen Zygdegerine bakilir. Zyg
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S5-1

) for $>0
Zyg =40

for =0 2
S+1

meT‘S<0

n(n-1)(2n+5)

v(s) = "= ®)
S=Xk=1 J=kt1 Sgn(xj - xk) 4)

+1 if (xj —xk) >0
(xj—xx) =1 0 if (xj—x)=0¢(5)

-1 lf (x] - xk) >0

V(S) varyans, S MK toplam istatistik, k
serisi  {x;, x,, X3 ..x,_1}, j serisi
{Xk41 o Xp_2,Xn_1,Xn} zaman serisinin
uzunlugudur. Iki seri Denklem 5 ile
karsilagtirilir.

YEC yontemi ($Sen, 2012), monotonik
monotonik trend
tanimlamasini olarak

veya olmayan
gorsel
tanimlayarak biiyiik avantajlar saglar ve
uygulama agisindan oldukga kolaydir. N
6geli herhangi bir zaman serisi, Y1/, =
{x1, %2, o X2} ve Vonj2 =
{Xn/241, Xnj242, - Xn}seklinde yariya
boliiniir. +1), Daha sonra her iki seri de
Denklem (2)'de
belirtildigi gibi kiiglikten biiyiige veya
biiytikten  kiiglige dogru  siralamr
Denklem 6 (Sen, 2012).

notasyonel olarak

{n}= {min(}’l,n/z) » Vio max()’l,n/z)} (I<i<n/2)
{r.} = {mi“()’z,n/z):}’jrmax(yz,n/z)} (1<j<n/2)
or

{n}= {max(ylyn/z)  Vio min(}’Ln/z)} (1<i<n/2)
{r}= {maX(}’z,n/z):}’jvmin(}’z,n/z)} (1<j<n/2)

Yariya boliinmiis verilere dayal olarak,
{ri}'e kars1 {r,}'ye karsi bir dagilim
diyagramu ¢izilir. Son olarak ayni grafik
diyagram tizerinde egimi 1:1 olan bir
dogru cizilir. Eger veriler bu diiz

¢izginin {izerindeyse trendin olmadigina
karar verilebilir. Aksi takdirde verilerin
tamamu 1:1 ¢izgisinin iizerinde (altinda)
ise monoton bir artan (azalan) trend sz
konusudur. Bu alternatiflerin disinda
azalan (artan) bolgeden artan (azalan)
bolgeye gecis de vardir ki buna kismi
artan (azalan) monotonik olmayan trend
denir. Tim bu alternatifler Sekil 2'de
sunulmaktadir.

L
°
L]
. o 5}
S
' gV
Tl o & &7
o0 0,
° é)\’ -~ '3
P4
“’ 4 AA ,““: b
CaL P .
O#Qf 4 =
= .

Sekil 2. 1:1 dogrusuna gore trend
durumlari (Sen, 2012)

Glglii (2020) tarafindan onerilen GG-
YEC yonteminde YEC’te oldugu gibi
zaman serisi iki esit parcaya boliiniir ve
seriler kiiciikten biiytige dogru siralanr.
Fark serisi, ikinci yar1 serisinden ilk yar:
serisi ¢ikarilarak elde edilir. Boylece aym
sayida veriye sahip {ig seri elde edilir. Bu
1i¢ seri igin seri degerleri y eksenine, bu
degerlere karsilik gelen veri numaralar:
ise x eksenine yerlestirilir. Fark serisi
yatay eksende ise trend yoktur. Yatay
eksenin {iistiinde artan bir trend, yatay
eksenin altinda ise azalan bir trend
vardir (Sekil 3).

a
ede
-ooooocu-oooooo-lllll!llll

Sekil 3. GG-YEC yonteminin uygulanist
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SDKWTT, MK trend testi gibi sayisal bir
analiz saglar. Ayni zamanda Sen’in YEC
yontemi gibi grafiksel bir temsili de
hedeflemektedir. Oncelikle veriler YEC
yonteminde oldugu gibi ikiye boliiniir
Istatistiksel analiz
saglamak amaciyla sirasiz yarimlara ait
verilerin farkliliklarmi dikkate alan
Wilcoxon testi kullanilir. Bu testte trend
olusumu hem grafiksel hemde Z testi ile
istatistiksel olarak sunulur.

ancak siralanmaz.

Wilcoxon testi, iki yar1 verilerdeki
farkliliklar: dikkate alarak iki degiskenin
dagiliminin ayrni olup olmadigim test
etmeye calisir. Bu amagla yarilardaki
gozlemler arasindaki farklar Denklem
7'ye gore hesaplanir. Denklem 8'deki
gibi  mutlak  degerler
Hesaplanan bu degerler siralanr.
Denklem 9 ile sayilarin toplami T+ + T~
olarak bulunur. Denklem 10 ve 11
yardimi ile de Zy, degeri hesaplanir.

alinarak.

D;=X;—-Y, )

[D;| = 1X; — Yl 8)

T=Tt+T" )
_T—pr _ T

Zy =Tt (10)

op = ’n(n+1)6(2n+1) (11)

Burada, D; ilk yar1 ve ikinci yar

verilerin farkidir. T bu
toplami, Z,, Wilcoxon Z

arasindaki
degerleri
degeridir.

3. Bulgular

Beskonak oOl¢lim istasyonunun 1942-
2015 yillar1 arasina uygulanan testlerin
sonuglart bu boliimde irdelenmistir.
YEC ile SDKWTT'nin grafiksel gosterimi
birlikte yapilirken GG-YEC ayr1 grafikte
gosterilmistir. Ayrica MK’ ya ait Z degeri
ile SDKWTT’ye ait Wilcoxon Z degeri
Tablo  4'de  kiyaslamalh  olarak
gosterilmistir. Grafiklerin sayis1 fazla
oldugu icin kiyaslama igin farkliliklarin
oldugu grafikler secilip verilmistir.

Tablo 4’de goriilen Temmuz ve Agustos
ay1 verilerinin kiyaslamada kullanilmas:
istatistiksel agidan anlamisizdir. Ciinkii
bu veriler Tablo 2’dede ifade edildigi
gibi homojen bir veri seti degildir.
Homojen olmayan verilerin istatistiksel
degerlendirilmesi
dogrulugunu sorgular. Bu nedenle bu
icin Z degerleri tabloda
verilmesine ragmen kiyaslama agisindan

olarak testin

veri seti

yorumlara katilmamistir. Tablo 4’de MK
Z degeri ile Wilcoxon Z degerleri
arasinda anlamhilik ayrisan Mayis ve
Haziran aylandir. Bu aylarda MK Z
degeri % 95 giiven araliginda azalan
trend gosterirken Wilcoxon Z degerinin
anlamlilik diizeyi % 90 lar civarinda
kalmustir. Fark olan aylardan Mayis ay1
YEC ve SDKWTT grafik gosterimlerin
Sekil 4de GG-YEC gosterimi ise Sekil
5'de verilmistir. YEC' e gore tiim veriler
egrinin altinda kaldig1 icin bir trendden
bahsedilebilir ama bu verilerin biiyiik
¢ogunlugu cizgiye yakin oldugu igin
anlaml bir trendden bahsetmek zordur.
Aymni sekilde SDKWTT'nin gosterimine
bakildiginda negatif yondeki deger
sayisinin pozitife oranla biraz fazla
oldugu

sOylenebilir ~ ancak  bu
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gosterimde kuvvetli trendi desteklemez.
Bu istatistiksel
gosterildigi  Wilcoxon Z  degerini
destekler niteliktedir. Son olarak Sekil 5
incelendiginde YEC'de oldugu gibi tiim
degerler x ekseni altindadir ve negatif

grafigin olarak

trend vardir. Ancak farklarin az olmasi
bu kuvvetli  olmadigim
gostermektedir. Bu nedenledir ki
Wilcoxon Z degeri MK Z degerinden
kiigiik ¢citkmuistir.

trendin

Tablo 4. Z degerleri kiyaslama tablosu

ZMK Zw
Ekim 0.756 0.415
Kasim 1.414 1.712
Aralik -0.075 0.294
Ocak -1.176 -0.732
Subat -1.157 -1.365
Mart -1.055 -1.592
Nisan -1.433 -1.441
Mayis -2.203 -1.637
Haziran -2.725 -1.773
Temmuz -1.507 -0.898
Agustos -0.047 -0.038
Eyliil 0.532 0.49
Yillik -1.344 -0.626
@® SDKWTT
200
Q
MLE, 150
€
4
< 100
L
g 50
=
0

Yillik olarak bakildiginda testlerin
tamaminda %95 giliven araliginda bir
trend olusumu olmadigr goriilmiistiir
(Sekil 6-7). Ayrica trend testlerinin
cogunda % 95 giiven araliginda bir trend

tespit edilmemesine ragmen genel
olarak azalan yoniinde bir egilim oldugu
da goriilebilmektedir.

Trend  analizleri  kiyaslandiginda

birbirlerine tiistiin taraflarinin oldugu
kadar eksik taraflarinin da oldugu
goriilmektedir. Ornegin MK trend testi
sayisal olarak ifade vermesine karsin
gorsel bir
gerceklestirmedigi icin trend olusumu
konusunda bir soru isareti
birakabilmektedir. MK trend testinde bir
deger kendinden Onceki degerler
arasindaki fark c¢ok kiiciikte olsa cok
biiytiikte olsa sayisal olarak ayni oranda
trende katki sagladigini gostermektedir.
Wilcoxon testinde ise Z degeri elde
edilirken veriler arasindaki biiytiikliik
farki 6n plamna ¢tkmaktadar.

olarak sunum

YEC

100
ikinci Yart Akim (m?3/s)

150 200

Sekil 4. Mayis ay1 YEC ve SDKWTT nin grafik gosterimi
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Sekil 5. Mayis ay1 GG-YEC “in grafik gosterimi
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Sekil 6. Yillik ortalama akim degerleri YEC ve SDKWTT nin grafik gosterimi
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Sekil 7. Yillik ortalama akim degerleri GG-YEC ‘in grafik gosterimi

4. Sonuglar

Yapilan calismada MK testi ile son
yillarda literatiire dahil olan yenilikgi
testler kiyaslanmigtir. Bu amagla
Tiirkiye'nin Akdeniz Bolgesinde yeralan
Kopriicay nehri iizerindeki Beskonak
Olgiim istasyonundan alinan 1942-2015
yillar1 arasindaki aylik ortalama akim
verileri ile yillik ortalama akim verisi

calistlmigtir. Calismada elde edilen
sonuglar1 giivenilirliginin test edilmesi
amacli ilk olarak homojenlik testi
yapilmustir.

fki veri setinin homojen olmadig:
dolayisiyla  bundan  elde  edilen
sonuglarin kiyaslamada

kullanilamayacagina karar verilmistir.
fkinci asamada ise korelasyon testi
yapilmig ve bu teste gore tiim verilerin
deger oldugu
Yapilan bu
dogrulamalardan sonra yapildigi igin

istenilen araliginda

gorilmiistiir. testler

giivenilirligi artmistir. Yapilan testler

10

sonucunda MK ‘nin iki testi disinda
hicbir testte trend olusumuna %95
gliven olmadig:
goriilmiistiir. % 95 giliven araliginda
olmasa da genel egilimin azalma
yoniinde oldugu da sOylenebilir. Test
sonuglari irdelendiginde yontemler arasi
cok biiyiik farklar
goriilmiistir. MK ‘da trend olusumu
bulunmus olmasma ragmen diger
testlerde bu olusumun giiclii derecede

araliginda  trend

olmadig1

gozitkmemesi ise MK'nin farklarin
kiictik veya biiytiik olmasina
bakmaksizin  aymi  oranda  etki
ettirmesidir.

Kullanilan tiim yontemler trend analizi
icin uygundur. Ancak bir hidrolojik
olayda  trend  belirlenirken  bu
yontemlerin ~ beraber  kullanilmasi
giivenilirligi arttiracaktir.

Makalede elde edilen sonuglar

degerlendirildiginde farkli analizlerin
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birlikte
testlerdeki yanilma payini azaltacaktir.

yapilarak kullanilmasi

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarimi beyan
ederler.

Yazarlik Katki Beyan1

Kavramsallagtirma, = Metodoloji, = Dogrulama,
Analiz ve yorumlama, Arastirma, Yazma/orijinal
taslak, Yazma/inceleme ve diizenleme,
Gorsellestirme

Cikar Catismas1 Beyani

Yazarlarin bu makalenin icerigiyle ilgili olarak
beyan edecekleri higbir ¢ikar catismas: yoktur.

Verilerin Kullanilabilirligi

Bu calisma sirasinda olusturulan veya analiz
edilen tiim veriler, yayinlanan bu makaleye dahil
edilmistir.
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Oz

Hasar gorebilirligin énemli bir gostergesi goreli kat otelemesi degeridir. 0.01 goreli
kat otelemesi sinir1 ATC-40"a gore hemen kullanim performans seviyesine karsilik
gelmekte olup, bu goreli kat 6telemesi sinir degerinin altinda binalar elastik davranig
gostermektedirler. Bu calismada, Canakkale il merkezindeki diizenli betonarme
binalarmn hasar gérmemeleri igin hakim periyot degerlerinin hangi araliklarda olmasi
gerektigi belirlenmistir. Calisma; ZC, ZD ve ZE zemin siniflarinda ve DD-1 ve DD-2
deprem diizeyleri icin gergeklestirilmistir. Bu kapsamda, maksimum goreli kat
Otelemesi oranmnin belirlenmesi igin salt perdeli yapilar icin egilme kirisi kabulii
yapilirken, salt cerceveli yapilar icin kayma kirisi kabulii yapilmigtir. Calismada
literatiirden farkli olarak daha gercek¢i sonugclar elde etmek icin egilme kirisi ve
kayma kirisi modelinde kiitleler ayrik olarak kat hizalarinda dikkate alinmistir. Bu
modelden yararlanilarak maksimum goreli kat 6telemesi orani i¢in hakim periyoda
bagl bir baginti SAP2000 programi yardimiyla elde edilmistir. Elde edilen baginti
0.01 goreli kat 6telemesi degerine esitlenerek binalarin hasar gérmemesi igin gereken
minimum hakim periyot degerleri hesaplanmistir. Elde edilen sonuglar grafik ve
tablolar {izerinde gosterilerek sonuglar yorumlanmuistir.
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An Approach for Determining Damage Vulnerability
Depending on the Fundamental Period: The Case of
Canakkale City Center

Abstract

An important indicator of damage vulnerability is the interstory drift ratio (IDR). 0.01
IDR limit corresponds to the immediate use performance level according to ATC-40
and buildings show elastic behaviour below this IDR. In this study, it was determined
in which ranges the fundamental period values should be in order to prevent damage
to regular reinforced concrete buildings in the city center of Canakkale. The study
was carried out for soil classes ZC, ZD and ZE and for earthquake levels DD-1 and
DD-2. In this context, as a novelty for the determination of the maximum IDR, flexural
beams were assumed for pure shear wall structures, while shear beams were assumed
for pure frame structures. In the study, as a difference from the literature, in order to
obtain more realistic results, the masses are considered lumped at the storey levels in
the flexural beam and shear beam model. Using this model, a fundemental period
related to the maximum IDR was obtained using SAP2000. The relation obtained was
equalized to 0.01 IDR and the minimum fundamental period values required for the
buildings not to be damaged were calculated. The results obtained were shown on
graphs and tables and the outcomes were evaluated.

Keywords: Fundamental Period, Interstory Drift Ratio, Damage Vulnerability.
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1. Giris

Yapilarin depreme kars: dayanimlarinin

belirlenmesi igin pratik yontemlere
ihtiya¢ duyulmaktadir. Bu konuyla ilgili
yapilmis cesitli calismalar

bulunmaktadir (Giilkan & Utkutug,
2003; Akbulut & Aytug, 2005; Karaca
2017; Hancilar, Sesetyan & Cakti, 2019;
Karasin, 2023). Akbulut ve Aytug (2005),
mevcut betonarme yapilarn deprem
gorebilirliklerini  belirlemeye
yonelik bir degerlendirme yodntemi
onermislerdir. Yontem, yapilarin mimari
ve vyapisal Ozelliklerinin pratik bir
sekilde gozden gecirilmesi ve yapinn
deprem davranisint olumsuz yonde
etkileyecek  ozelliklerin  belirlenmesi
esasina dayanmaktadir. Karaca (2017),
yapimn kat sayisi ile hasar gorebilirligi

hasar

arasinda bir bagintinin yani sira, hasar
ile hakim periyot, yanal rijitlik katsayis1
ve stineklik arasinda bir baginti olup
olmadiginm aragtirmistir. Bu
parametrelerin hasar gorebilirlik ile
iligkisi i¢in ¢ok sayida bina kullanilarak
degerlendirme yapmanin uygun olacag:
sonucuna varmistir. Hancilar vd. (2019),
2000 yilindan sonra insa edilen ve 1998
uygun

igin,

Deprem

yapildiklar:
tasarima esas deprem diizeyinde yapisal
hasar tahminleri sunmuslardir. Bu
kapsamda, ELER yaziliminda kapasite
spektrumu yontemini temel alan Kentsel

Yonetmeligi'ne
varsayilan binalar

Deprem Kayiplar1 Tahmin Modiiliinii
kullanmuslardir. Karasin (2023), spektral
ivme degerini degisken olarak secerek 7
farkli bolgede ve 7 farkli ilde 2018 ve
2007 Deprem Yonetmelikleri
kapsaminda 7 kath bir binay1r Kocaeli
1999 deprem kaydi altinda analiz ederek

15

direnclilik indeksinin bulunmasi igin
gerekli parametreleri elde etmistir.

Giilkan Utkutug (2003), okul
binalarmin depremlerde elastik bolgede
kalarak hasar gormemeleri icin gerekli

ve

olan  minimum = perde  oranin
hesaplamak  i¢in  bir  yaklasim
onermisglerdir. Bu yaklasimda okul

binasina etkiyen deprem yiiklerinin
tamaminin perdeler
karsilandig1 ve cercevelerin higbir yiik
almadigr kabul edilmistir. Calismada
okul binasi esdeger bir egilme kirisi
olarak modellenmis olup, giivenli tarafta

tarafindan

kalmak icin bina kiitlesi sisteme yayili
olarak etkitilmis ve farkli goreli kat
otelenme oranlar1 igin gerekli olan perde
ytizdesi hesaplanmigtir.

Bu calismada ise, Canakkale il merkezi
0zelinde en ¢ok bulunan zemin simiflari
olan ZC, ZD ve ZE zemin smiflarinda
salt perdeli ve salt cerceveli tasiyici
sisteme sahip binalarmn 0.01 goreli kat
Otelemesi oranini asmamasi igin gerekli
olan hakim periyot degerleri aralig:
1"den 20'ye kadar 20 farkl kat say1s1 igin
hesaplanmistir. 0.01 maksimum goreli
kat oOtelemesi (MGKO) smir1 hemen
kullanim performans seviyesine karsi
gelmekte olup (Ibrahim & El-Shami,
2011; Teguh, Mahlisani & Saleh, 2019) bu
degerin altinda binalar elastik davranis
gostermektedirler.

Calismada, salt perdeli yapilar egilme
kirisi olarak, salt cerceveli yapilar ise
kayma SAP2000’de
modellenmis (Sekil 1), yapilan hesaplar
sonucunda goreli kat Otelemesi oram
icin periyodun fonksiyonu olan bir

kirisi  olarak

baginti elde edilmistir. Bu makalede,
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binalarin tasiyici sistemlerinin simetrik
oldugu ve binadaki kolon, perde ve kiris
boyutlarmnin yap: yiiksekligi boyunca
degismedigi  kabulleri  yapilmistir.
Simetrik yapilarda yer degistirmelerin
hesaplanmasinda birinci mod baskin
oldugundan analizlerde yalnizca birinci
mod dikkate alinmistir.

DEXREA -/ HA7 ] , O
2 7

HO

B2 A1

S_ékii 1. SAP2000 modelleri ve sekil
degistirmeleri a. egilme kirisi b.
kayma kirisi

Kayma kiris modelinde egilme yer
degistirmelerini ihmal etmek adina
egilme rijitligi icin yiiksek bir deger
girilirken, egilme kirisi modelinde ise
kayma yer degistirmelerini ihmal etmek
adma kayma rijitligi icin yiiksek bir
deger girilmistir.

Hesaplamalarda, Tiirkiye Bina Deprem
Yonetmeligi (TBDY) 2018’deki Deprem
Diizeyi -2 (tasarim deprem yer hareketi)
ve Deprem Diizeyi -1 (goz oniine alinan
en biiylik deprem yer hareketi) icin
tanimlanmig olan yatay elastik tasarim
spektrumlar1 kullanilmistir.

Calismada orijinal olarak, yalnizca
egilme kirisi degil ayn1 zamanda salt
cerceveli yapilari temsil eden kayma
kirisi davranisi esas alinarak 0.01 goreli
kat Otelemesi igin  gereken
periyotlar hesaplanmistir. Giilkan ve
Utkutug (2003)'un kullanmis oldugu
stirekli sistem hesap modelinde 7 kat ve
klasik
elemanlar yontemiyle uyumludur. Sozii
edilen calismada yayili olarak dikkate
alinan kiitle bu calismada ayrik olarak
dikkate

olarak

orani

lizeri ig¢in sonuglar sonlu

kat hizalarinda almmustir.
Kiitlenin ~ aymnk dikkate
alinmasinin sebebi 7 ve daha diisiik katlt
binalarda  stirekli  sistem  hesap
modelinin ayrik kiitle hesap modelinden
daha uzak sonuglar vermesidir (Baikov
& Sigalov, 1981). Bilindigi iizere kiitleler
doseme hizalarinda yogunlasmakta
olup bu nedenle kiitlelerin ayrik olarak
kat hizalarinda dikkate alinmasi daha
gercekgidir. 7 ve daha diisiik kat sayisina
sahip binalarda kiitlenin ayrik olarak
dikkate alinmasiyla klasik sonlu
elemanlar yontemine daha uyumlu
sonuglar elde edilmektedir.


https://www.abebooks.co.uk/book-search/author/baikov-sigalov/
https://www.abebooks.co.uk/book-search/author/baikov-sigalov/
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2. Materyal ve Yontem

Bu kisimda Oncelikle ¢aligma alani olan
Canakkale bolgesindeki aktif faylar ve
bolgeyi etkileyen ge¢mis depremlerden
bahsedilmistir. Daha sonra Canakkale il
merkezi i¢cin DD-1 ve DD-2 deprem
diizeylerindeki spektrum egrileri AFAD
Tiirkiye Deprem Tehlikeleri Haritalar:
Interaktif Web Uygulamasindan elde
edilerek ZC, ZD ve ZE zemin simiflar:
i¢in verilmistir. Sonrasinda ise periyotile
hasar gorebilirlik arasindaki iligki
denklemler yardimiyla agiklanmigtir.

2.1 Canakkale’nin Depremselligi

Canakkale, Tiirkiye'nin en aktif 2
fayindan biri olan Kuzey Anadolu Fay
Hatti’'nin kuzey ve
arasinda konumlanmaktadir (Sekil 2).
Bolgeyi tehdit eden aktif faylar; Saroz-
Gazikoy Fayi, Yenice-Gonen Fayi, Can-
Biga Fayi, Etili Fayr ve Sarikdy Fay:
olarak sayilabilir (Erginal & Erginal,
2003).

gliney kollan

Sekil 2. Canakkale ve gevresinin aktif

tektonigi (Komut, Onder &
Ozcan, 2023)
Saros-Gazikdy = Fayimin  bulundugu

bolgede farkli biiyiikliikte ¢ok sayida
deprem kaydedilmistir. Bu depremler
09.08.1912

arasinda en yikic1 olanm
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tarihinde gerceklesen Ms=7.4
biiytikliigiindeki Sarkoy-Miirefte
depremidir. 10.08.1912 giinii ise aymn
bolgede Ms=6.2 Ms=5.3
biiyiikliiklerinde depremler yagsanmusgtir.
Yenice-Gonen Fay1 Biga Yarimadasi'nin
en Onemli aktif tektonik yapilarindan
biridir. Kuzey Anadolu Fay Zonu'nun
giiney kolunun bir pargasi oldugu
degerlendirilen bu fay iizerinde
18.03.1953 tarihinde yikici bir deprem
(Mw=7.2) meydana gelmistir (Kiirger,
Chatzipetros, Tutkun, Pavlides, Ates &
Valkaniotis, 2008). Yaklasik 55 km
uzunlugundaki bu fayda 03.03.1969
yilinda Ms=5.7 biiyiikliigiinde deprem
olmustur. Can -Biga fay zonu, 2 - 25 km
arasinda degisen uzunluklarda bir ¢ok
fay parcasindan olusmustur. Bu bolgede
04.01.1935'te  Ms=6.4 Dbiiyiikliigiinde,
05.07.1983  tarihinde ise  Ms=6.1
biiytikliigiinde  deprem  olmustur.
Yaklagtk 40 km uzunluktaki Etili
Faymnda 26.04.1972 tarihinde M=5.0

ve

biiytikliigiinde  deprem  olmustur
(Demirci, 2007).
Canakkale ilinin  Ayvack ilgesi

06.02.2017 Mw=5.2 ve Mw=5.1, 07.02.2017
Mw=5.2, 12.02.2017 Mw=5.3 tarihlerinde

orta  biyiiklikte dort depremle
sarsilmistir ~ (Gorgiin, Kalafat &
Kekovali, 2020). Ayrica 24.05.2014

tarihinde Ege Denizinin kuzeyindeki
Gokgeada Adasi'nin batisinda meydana
gelen Mw=6.9 biiyiikliigiindeki deprem,
50'si  Canakkale ilinde 2004
Gokgeada’da olmak {iizere yaklasik 300
binada orta derecede hasara yol agmistir
(Karagoz, Chimoto, Yamanaka, Ozel &
Citak, 2018).

ve
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08.01.2013 tarihinde meydana gelen
Mw=5.7 biiyiikliigiindeki Kuzey Ege
Denizi ve 30.07.2013 tarihinde meydana
gelen Mi=5.3 biyikligiindeki Kuzey
Ege Depremi Canakkale'de hissedilen
depremler olmustur. Son olarak
20.02.2019'daki Mw=5.0 biiytikliigtindeki
Tartisik-Ayvacik depremi, 27.02.2024'te
Mi=4.5 Dbiiyiikliigiindeki ~ Beypinar-
Lapseki depremi ve 04.03.2024"te M1=4.9
blyiikligiindeki
depremi, bu bolgede depremlerin
siklikla meydana geldigini
gostermektedir. Bolgede meydana gelen
olarak Tablo 1'de

Karasu-Yenice

depremler oOzet

verilmigtir.

Tablo 1. Bolgede meydana gelmis
Oonemli depremler

Tarih Momenvt ) Depremin Yeri
Biiyiikliigii
09.08.1912 Ms=7.4 Sarkoy-Miirefte
10.08.1912 Ms=6.2 Sarkoy-Miirefte
10.08.1912 Ms=5.3 Sarkoy-Miirefte
04.01.1935 Ms=6.4 Can -Biga fay
zonu
18.03.1953 Mw=7.2 Yenice-Gonen
03.03.1969 Ms=5.7 Gonen
26.04.1972 M=5.0 Etili
05.07.1983 Ms=6.1 Can -Biga fay
zonu
08.01.2013 Mw=5.7 Kuzey Ege
Denizi
30.07.2013 Mi=5.3 Kuzey Ege
Depremi
24.05.2014 Mw=6.9 Ege Denizi
06.02.2017 Mw=5.2 Ayvack
06.02.2017 Mw=5.1 Ayvack
07.02.2017 Mw=5.2 Ayvack
12.02.2017 Mw=5.3 Ayvack
20.02.2019 Mw=5.0 Tartisik-
Ayvack
27.02.2024 Mi=4.5 Beypinar-
Lapseki
04.03.2024 Mi=4.9 Karasu-Yenice

2.2 Canakkale 11 Merkezi igin
TBDY2018’e Goére DD-1 ve DD-2
Deprem Diizeyleri icin Tasarim
Spektrumlar1

Canakkale il merkezini temsil eden
enlem: 40.1470045 ve boylam: 26.4075808
lokasyonu almarak farkli zemin siniflari
ile DD-1 ve DD-2 deprem diizeyleri igin
AFAD Tiirkiye Deprem Haritalar
Interaktif Web Uygulamasindan elde
edilmis olan spektrumlari
asagida verilmistir. Sekil 3a,b,c’de
sirasiyla ZC, ZD ve ZE zemin smiflarina
ait yatay elastik tasarim spektrum
egrileri goriilmektedir. Tablo 2’de ise Sos
(Kisa periyot tasarim spektral ivme
katsayist) ve Sob1 (1.0 saniye periyot icin
tasarim spektral

katsayist) degerleri verilmistir.

tasarim

ivme

215 |
z | —DD-1 DD-2
E \
21,0
E
205 |
.
0,0 ——
0 2 4 [ 8
Periyot (sn)
15
=z |
10 ‘I \ —DD-1 DD-2
Z05 |
&
0,0 ——
0 2 6 8
Periyot (sn)
1,5
= —\ —DD-1 DD-2
210 ||
5 |
= |
5 I
Z 05 R
&
0,0 —
0 2 6 s

4
Periyot (sn)

Sekil 3. Canakkale il merkezi DD-1 ve
DD-2 deprem diizeyleri igin
yatay elastik tasarim
spektrumlari a. ZC, b. ZD, c. ZE
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Tablo 2. DD-1 ve DD-2 deprem
diizeylerine gore Sps ve Spi

degerleri
DD-1 DD-2
Spbs So1 Spbs So1
ZC 1.627 0.621 0.876 0.331
ZD 1356 0.761 0.884 0.477
ZE 1163 0962 0.971 0.706

2.3 Periyodun Hasar Gorebilirlikle
iliskisi
Hasar goren yapilarda yapilan
Ol¢limlerde rijitligin azaldig, dolayisiyla
periyodun uzadigi yer
degistirmelerin arttig1 goézlemlenmistir
(Baytilke, 2021). Yer degistirmelerin
artmasiyla birlikte goreli kat Otelemesi

ve

oranlar1 da artmaktadir.

Tespit edilen periyot uzamasi ile yapimin
ne derece hasar gordiigiini belirlemek
mimkiin olmaktadir (Masi & Vona,
2010; Mucciarelli, Vona, Ditommaso &
Gallipoli, 2012; Ditommaso, Vona,
Gallipoli & Mucciarelli, 2013; Socarras-
Cordovi, Alvarez- Deulofeu & Lora-
Alonso, 2021; Wang, Gao & Yang, 2022).
Tepki spektrumlari farkli periyota sahip
tek serbestlik dereceli sistemlerin aym
deprem kaydi altinda ayn1 soniim oran:
icin maksimum ivme, hiz ve yer
degistirmeleri icermektedir. Bu
spektrumlardan goriilecegi {izere yer
degistirmeler ve dolayisiyla goreli kat
periyotla
degismektedir. Eger mevcut bir binanin
depremden depremden
sonraki periyodu olgiilmiigse bu binanin
depremde bir
sergiledigi ve ne kadar hasar gordiigiinii

otelemesi oranlar1

onceki ve
nasil performans

belirlemek mimkiundir.
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2.4 Calismada Kullanilan Yéntem

Maksimum goreli kat Otelemesi orani
(MGKOO) yap1 dinamiginden bilindigi
tizere Denklem 1’de verilen bagmtiyla
hesaplanabilir (Chopra, 2023).

I d$ ()
H dz g

MGKOO = x.Sd(Tl) (1)
(1) No.lu bagintida I'1 1. moddaki katilim
faktoriinii, ¢p(z) 1. mod seklini, z bina
yiiksekligi boyunca uzanan ekseni, H
toplam bina yiiksekligini, Sa(T1) hakim
periyoduna kars: gelen elastik spektral
yer degistirme degerini gostermektedir.
Spektral yer degistirmeyle spektral ivme
arasinda (2) No.u bagmtiyla verilen
iliski bulunmaktadir (Chopra, 2023).

Sa(T1)
Sa(Ty) = w—; )

(2) Nodu bagmntida Sa(T1)
periyoda karsilik gelen elastik spektral

birinci

ivme degerini ve w: ise birinci modun
®)
No.lu bagintida verilen periyotla agisal
frekans bagintis1 (2) No.lu denklemde
yerine yazilirsa (4) No.lu denklem elde
edilir.

acisal frekansmi gostermektedir.

2w

w =
1 T,

)

Sa(Ty).T#
4m?

Sa(Ty) = @)
Yukarida verilen (4) No.lu baginti (1)
No.lu denklemde yerine yazilirsa (5)
No.lu bagint: elde edilir.

Sa(T).T#
4m?

MGKOO = 2491

H dz max.

®)
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(5) No.lu bagmnti daha kisa olarak (6)
No.lu bagint1 seklinde yazilabilir.

MGKOO = £Sa T ©)
H

(6) No.lu bagintida gecgen S katsayisi,

MGKOO katsayist olarak (7) No.lu

bagint ile tanimlanmugtur.

ﬁ_LdL’l

T 4m? dz max (7)
(7) No.lu bagintidaki I3, birinci modun
katillm faktord, ddizl ise birinci mod

seklinin konuma gore tiirevi olarak
tanimlanmaktadr.

3. Bulgular ve Tartisma

Salt perde duvarli binalar genellikle
yatay yiikler altinda bir egilme kirisi gibi
davranurlar (Atimtay, 2000). Buna kars:
salt cercevelerden olusan binalar yatay
ytikler altinda hakim davrarnis olarak bir
kirisi gosterirler.
Perde-cerceve binalar

kayma davranisi

(karma) ise
egilmetkayma davrarsi gosterirler. Bu
calismada (7) No.lu bagmtida tanimh
olan g katsayisinin bulunmasi igin SAP
2000 programindan yararlanilmigtir.
Sekil 4'te goriildiigli {izere salt perde
duvarlardan olusan binalar i¢in duvar
davranisini temsil etmek tizere 1’den 20
kata kadar degisen egilme kirisleri
SAP2000 ortaminda ¢oziilerek f
degerleri hesaplanmistir. Benzer olarak
salt cercevelerden olusan binalar1 temsil
eden ve Sekil 5'te goriildiigii tizere 1’den
20 kata kadar kayma kirisleri ¢oziilerek
bu tiir binalar icin de § katsayilar elde
edilmistir. Elde edilen fp katsayilarinin
kat adetine ve tasiyici sistem tiiriine
bagh degisimi Tablo 3'te verilmistir.
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m

1kat

Sekil 4. Egilme kirisi

2kat

1kat

Sekil 5. Kayma kirisi

2kat

Tablo 3’ten goriildiigii {izere § katsayisi
salt perdeli binalar icin 0.025 ile 0.053
arasinda degisirken salt gercevelerden
olusan binalar i¢in ise 0.025 ile 0.050
arasinda degismekte olup perde-cerceve
binalarda ise  katsayilar1 salt perde
duvar ve salt c¢ercevelerden olusan
binalar i¢in verilen degerler arasinda
olacaktir. Ornegin bes katli perde-
gerceve tasiyici sisteme sahip bir binada
B katsayis1 0.045 ile 0.049 arasinda

olacaktir. f katsayillar1 en biiyiik
degerleri salt perdelerden olusan
binalarda almaktadir. Bu nedenle

glvenli tarafta kalmak amaciyla bu
calismada sinir deger olarak segilen 0.01
MGKOO'm1
periyotlarin bulunmasi igin salt perdeli
binalar igin elde edilmis f katsayilar:
kullanilmisgtur.

saglayacak olan hakim
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Tablo 3. § katsayisinin kat adedi ve
tagtyici
olarak degisimi

sistem tiirline bagh

AI;::ii Piﬁlﬁ Salt Cerceveli
1 0.025 0.025
2 0.041 0.037
3 0.046 0.041
4 0.048 0.044
5 0.049 0.045
6 0.050 0.046
7 0.051 0.047
8 0.051 0.047
9 0.052 0.048
10 0.052 0.048
11 0.052 0.048
12 0.052 0.048
13 0.053 0.049
14 0.053 0.049
15 0.053 0.049
16 0.053 0.049
17 0.053 0.049
18 0.053 0.049
19 0.053 0.049
20 0.053 0.050
Calismada (6) No.du bagintidan
yararlanilarak TBDY2018'e gore

Canakkale il merkezinde ZC, ZD ve ZE
zemin smiflar1 igin DD-1 ve DD-2
gore  0.01
maksimum goreli kat Gtelemesi sinirini
asmayan hakim periyot degerleri (8)

deprem  diizeylerine

No.lu esitsizlik yardimiyla
hesaplanmistir. 8 No.lu esitsizligin
¢ozUimii icin Scilab ortaminda bir

program yazilmstir. Esitsizlikte yer alan
Sa(T1) degerleri igin TBDY2018 deki
yatay elastik spektrumlar kullanilmistir.
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0.01H
= Jpsam ®)
TBDY2018e gore yatay elastik tasarim
tanimlayan 4 bolge
4. bolge (sabit yer
degistirme bolgesi) 6 saniye ve {izeri
karsihlk  gelmektedir. Bu
calismada 20 ve daha az katli binalar g6z
oniine alindigindan ve bu binalarin
periyotlarinin 6 saniyeden daha kisa

spektrumunu
bulunmaktadir.

periyoda

olmasi nedeniyle 4. bolge
¢oziimlemelerde g0z Oniine
alinmamustir.

1. bolge Denklem 9’daki gibi tanimlidir.

Sae(T) = (044+062) S5 O<T<T)  (9)
Bina periyodunun bu bolgede kalmasi
durumunda (9) bagintis1 (8) No.lu
denklemde yerine yazilirsa asagida
verilen ve Ti hakim periyodunun
bilinmeyen oldugu 3. dereceden bir

esitsizlik elde edilir (Denklem 10).

wa +0.4xSpsxfxgxT¢ — 0.01H < 0 (10)
A

(10) No.lu esitsizlik kisaltilmis olarak
asagidaki gibi yazilabilir.
aTg + bTZ —c <0 (11)
Burada a, b ve c ifadeleri (12) No.lu
denklemde tanimlanmistir.

xgx0.6xS
a= Bxg. DS
Ta

, b=0.4xSpsxfxg, ¢ =0.01H (12)

(11) No.du denklemde verilen 3.
dereceden denklemin 0 < Ti1 < Ta
kosulunu saglayan kokii hakim periyot
degerini verir.
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TBDY2018'de 2. bolge (sabit ivme
bolgesi) ise Denklem 13'teki gibi
tanimlidar.

Sae(T) =Sps (Ta = T < Tp) (13)

Hakim periyodun bu bdlgede yer almasi
durumunda ise (13) ve (8) No.lu
bagmtilardan yararlanilarak (14) No.lu
esitsizlik elde edilir.

, 0.01xH
hi= SpsxgxB
(14) No.lu esitsizligin ¢Oziimiinden
MGKOO'nmn 0.01’den kiiciik olmasi icin

T: hakim periyodunun alabilecegi en
biiyiik degeri hesaplanir.

(14)

TBDY2018'de ivme spektrumunda sabit
hiz bolgesi olan 3. bolge i¢in asagidaki
gibi tanumlidir (Denklem 15).

Sae(M) =2 (T T <T) (15
(15) No.u bagintmin (8) No.lu
denklemde yerine vyazilmasiyla (16)

No.lu esitsizlik elde edilir.

0.01xH
1 =
Sp1xgxB

(16)

(11), (14) ve (16) No.lu bagintilardan
yararlanilarak Canakkale il merkezinde
DD-1 ve DD-2 deprem diizeylerinde ZC,
ZD ve ZE zemin smiflar1 igin
MGKOOnin 0.01'den daha diisiik
olmasi icin hakim periyotlarm sir
degerleri hesaplanarak Tablo 4 ve 5'te
verilmigtir.

Tablo 4 ve 5'te goriildiigii {izere, hakim

periyotlarn st  smur  degerleri
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TBDY2018'de taniml 2. ve 3. bolgeye
denk gelmektedir.

Tablo 4. DD-1 igin hakim periyotlarin
iist sinur degerleri (sn)

Kat Sayis1 zC 7D ZE
1 0.273 0.299 0.322
2 0.302 0.331 0.357
3 0.351 0.384 0.415
4 0.410 0.433 0.468
5 0.499 0.478 0.516
6 0.587 0.518 0.560
7 0.678 0.557 0.602
8 0.767 0.626 0.640
9 0.858 0.700 0.677

10 0.949 0.774 0.712
11 1.039 0.848 0.748
12 1.128 0.920 0.766
13 1.216 0.992 0.806
14 1.310 1.069 0.845
15 1.403 1.145 0.906
16 1.490 1.215 0.962
17 1.583 1.291 1.022
18 1.668 1.361 1.077
19 1.760 1.437 1.136
20 1.853 1.512 1.196

Tablo 5. DD-2 i¢in hakim periyotlarin
iist sinur degerleri (sn)

Kat Sayis1 zC 7D ZE
1 0.371 0.370 0.353
2 0.448 0.410 0.391
3 0.605 0.476 0.454
4 0.768 0.536 0.512
5 0.936 0.649 0.565
6 1.101 0.764 0.613
7 1.271 0.882 0.658
8 1.439 0.998 0.700
9 1.610 1.118 0.755
10 1.781 1.236 0.835
11 1.949 1.353 0.914
12 2.116 1.468 0.992
13 2.281 1.583 1.070
14 2.457 1.705 1.152
15 2.632 1.827 1.234

16 2.795 1.939 1.310
17 2.969 2.060 1.392
18 3.129 2.171 1.467
19 3.303 2.292 1.548
20 3.477 2.412 1.630
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Tablo 4 ve 5ten elde edilen degerler
Sekil 6 ve 7’de DD-1 ve DD-2 igin ayr1
ayri grafikler halinde verilmistir.

—7C

w

Hakim periyot (sn)

Cl
w

/

1234567 8 91011121314151617 1819 20

Kat sayis1
Sekil 6. DD-1 i¢in ZC, ZD ve ZE zemin
siiflarinda hakim periyotlarin
dagilimi
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Hakim periyot {(sn)

T T

12345

6 7 8 9101112131415 16 17 18 19 20
Kat sayist

Sekil 7. DD-2 i¢in ZC, ZD ve ZE zemin
smiflarinda hakim periyotlarin

dagilimi
Canakkale il merkezindeki zemin
smiflarni elde  etmek  amaciyla

Canakkale Belediyesi'nden temin edilen
veriler (Vss degerleri), ¢evrimici cografi
bilgi sistemi hizmetleri yazilimi olan
ArcGIS programina aktarilarak her bir
parsel icin grid code elde edilmistir.
(Vs)so  degerlerine  bagh  olarak
TBDY2018'de yer alan yerel zemin
siniflar1 Canakkale il merkezi haritasina
islenmigtir. Harita {izerinde ZC zemin
smifi pembe renkte, ZD zemin sinifi
koyu mavi renkte ve ZE zemin smif1 ise
acitk mavi renkte goriilmektedir. Farkl
zemin smiflart icin elde edilen hakim
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periyot araliklar temsili olarak Sekil 8
tizerinde gosterilmistir.

deger araliklar1 a. DD-1 b. DD-2

Bu calismada ayrica, DD-1 ve DD-2
deprem yer hareketi diizeyleri i¢in ZC,
ZD, ZE zemin siniflarinda hakim periyot
ile bina yiiksekligi iligkileri dogrusal
kabul edilerek egilim egrileri elde
edilmis ve Sekil 9’da verilmistir. Egilim
egrileri incelendiginde R? degerlerinin
ZC zemin siniflann igin en yiiksek
degerleri aldigr goriilmektedir. Buna
karsin, R? degerlerine bagh olarak
olusturulan egrilerle veriler arasinda iyi
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bir iliskisi ~ bulundugu
sOylenebilir. Elde edilen egilim egrilerini
tanimlayan

korelasyon

denklemler ve

Hakim periyot (sn)

20 40
Bina yiiksekligi (m)

60

Hakim periyot (sn)

determinasyon katsayisi R-kare
degerleri Tablo 6 ‘da verilmistir.
1,0 :
e /C
. ..
3,0 e 7D P
7F - o ‘ - o
2,0 ZE - ® -e® -
. . - s
-® - ®
o
10 el
0,0 —
0 20 10 60

Bina yiiksekligi (m)

Sekil 9. Zemin smiflar1 ve deprem diizeylerine gore periyot-bina yiiksekligi iligkisi a.

DD-1b. DD-2

Tablo 6. DD-1 ve DD-2 deprem diizeyleri i¢in periyot-bina yiiksekligi iliskilerini

tanimlayan parametreler

Deprem Diizeyi zC ZD ZE
Hakim periyot (T1) 0.029H+0.0934 0.0219H+0.1533  0.145H+0.2801
DD-1
R-kare (R2) 0.9970 0.9910 0.9917
Hakim periyot (T1) 0.0557H+0.1158 0.0375H+0.131 0.227H+0.213
DD-2
R-kare (R2) 0.9995 0.9964 0.9895

4. Sonuclar

Bu calismada Canakkale il merkezinde
DD-1 ve DD-2 deprem diizeylerinde ZC,
ZD ve ZE zemin smiflart igin
MGKOO'nimn 0.01’den kiiciik olmasi icin
1’den 20’ye farkl1 kat sayilar1 i¢in hakim
periyodun alabilecegi en biiyiik degerler
hesaplanmigtir. Bunun igin salt perdeli
binalar1 temsil eden egilme kirisi ve salt
cercevelerden olusan binalar1 temsil
eden kayma kirisi modelleri SAP2000
Daha
gercekci sonugclar elde etmek amaciyla

ortaminda olusturulmustur.
literatiirden farkli olarak egilme kirisi ve
kayma kirisi modelinde Kkiitleler ayrik
olarak kat hizalarinda dikkate alinmistir.

SAP2000 ortaminda olusturulan

24

modeller yardimiyla MGKOO igin bir
baginti elde edilmistir. Elde edilen
bagintida goreli kat otelemesi oraninin
hakim periyodun karesi ile orantih
oldugu gorilmektedir. TBDY2018de
yatay elastik
spektrumlarindan yararlanilarak farkl

tanimlanan tasarim

zemin siniflart  igin  yapimin hasar
gormeyecegi hakim periyodun
alabilecegi deger araliklar
hesaplanmuistir.

Tablolardaki sonuglarin pratik kullanimi
agisindan  periyot ile bina yiiksekligi
arasindaki iliskiyi gosteren egriler ve
olusturulmustur.  Elde
tablodan Canakkale’de yap1
stogunun 6nemli bir kismin1 olusturan

denklemleri
edilen
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t¢ katli ve dort katli binalarda DD-2
zemin sinifinda 0.01 goreli kat 6telemesi
orani i¢in izin verilebilecek periyotlarin
tst sinir degerleri ZE zemin smuif1 igin
0.454 ve 0.512 sn olarak elde edilmistir.
DD-1 deprem diizeyi igin ise ZC zemin
smift icin daha kritik degerler elde
edilmis olup bu degerler 0.351 ve 0.410
sn olarak elde edilmistir.

Bu calisma simetrik ve diizenli binalarla
olup yapilacak
calismalarda asimetrik ve diizensiz
binalar i¢in de gelistirilebilir.

sinirh ileride

Yalnizca hemen kullanim performans
seviyesi i¢in yapilan analizler diger
performans seviyeleri  igin de
gerceklestirilebilir. Ayrica bu ¢alismada
dikkate alinmayan
etkilesimi de ileriki ¢aligmalarda dikkate
almabilir.

zemin-yap1
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Abstract

Heavy vehicles used for freight transportation cause deformation in road pavements,
which are constructed at high cost. To prevent these damages, increasing the
thickness of the pavement is one of the factors considered in design criteria. For this
reason, using the finite element method to determine the pavement thicknesses and
evaluating the data obtained before the road construction in the project design
process can provide positive economic contributions. In this study, ANSYS, a finite
element software, was used to determine the stresses occurring in the road layers as
a result of heavy vehicle loads the flexible pavement according to the pavement
thickness change. For 4 different pavement thicknesses, analyses were performed for
flexible pavement with 30mm, 50mm, 70mm and 100mm pavement thickness for
pavement stress analysis. According to the results of the study; it was observed that
the stresses occurring in the loading condition decreased as the pavement thickness
increased. It was concluded that flexible pavements with low pavement thickness can
be deformed more quickly with the effect of heavy vehicles. Additionally, the study
suggests that the most suitable pavement thickness for cost calculations can be
determined using the finite element method, thereby allowing for more effective cost-
benefit analyses.
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Esnek Ustyapilarda Asfalt Kaplama Kalinliginin Gerilme
Dagilimina Etkisi

Oz

Yiik tagimacilig1 amaciyla karayollarimi kullanan agir araglarm, yiiksek maliyetlerle
inga edilen yol kaplamalarinda deformasyona neden oldugu bilinmektedir. Bu
zararlar1 6nlemek i¢in kaplama kalinliginin arttirilmasi tasarim kriterlerinde dikkate
alinan faktorlerden biridir. Fakat kaplama kalinliklarimin artirilmas: ile yiiksek
ekonomik maliyetler ortaya c¢ikmaktadir. Bu sebeple kaplama kalinliklariin
tayininde sonlu elemanlar yontemini kullanarak yol yapimi Oncesi elde edilen
verilerin projelendirme siirecinde degerlendirilmesi ekonomik agidan olumlu
katkilar saglayabilir. Bu calismada; esnek yol iistyapisina uygulanan yiikleme sonucu
yol katmanlarinda meydana gelen gerilmelerin kaplama kalinlig1 degisimine gore
tespiti igin sonlu elemanlar yazilimi olan ANSYS bilgisayar programi kullanilmistir.
30mm, 50mm, 70mm ve 100mm olmak iizere dort farkli kaplama kalinligina gore
tistyapr gerilme analizleri yapilmistir. Calisma sonucuna gore; kaplama kalinlig
arttik¢a yiikleme durumunda meydana gelen gerilmelerin azaldig1 gozlemlenmistir.
Diisiik kaplama kalinligina sahip esnek {istyapilarin agir tasitlarin etkisi ile daha fazla
deformasyona ugrayabilecegi ortaya konulmustur. Ayrica yapilan ¢alisma ile maliyet
hesaplar i¢in, ihtiya¢ duyulacak en uygun kaplama kalinliginin sonlu elemanlar
yontemi ile belirlenebilecegi ve boylece fayda-maliyet analizlerinin daha etkili bir
sekilde gerceklestirilebilecegi 6ngoriilmektedir.

Anahtar Kelimeler: Asfalt Kaplama, Gerilme Dagilum, Sonlu Elemanlar Analiz
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1. Introduction

Flexible pavements are a multi-layered
composite system that effectively
transfers and distributes traffic loads to
the subgrade (Chun et al, 2015).
Compressive stresses
occurring in the flexible pavement as a
result of traffic loads cause fatigue cracks
and rutting on the pavement
(Bostancioglu, 2019; Mulungye et al,,
2007; Abejide and Mostafa 2017;
Walubita and Ven, 2000). Overloaded
vehicles significantly impact the service
life of pavements, necessitating the use

and tensile

of thicker pavement layers (Alwan et al.,
2024). But it is known that road
construction costs require serious
amounts for national economies. For this
reason, optimizing the pavement design
to achieve the most suitable design at the
lowest possible cost can lead to more
efficlent management of financial
resources and contribute to the economy
by being utilized
construction planning (Tohidi et al,
2023).

in future road

The stresses in flexible pavements due to
the increasing number of vehicles and
heavy traffic loads cause the pavement
to deform in a short time; therefore, the
effect of pavement thickness on these
deformations is an important criterion.
Increasing pavement thickness generally
provides higher resistance to cracking
and fatigue, while thinner pavements
are subject to deformation more rapidly
(Zhang, 2015; Valle and Thom 2020).
However, considering that the economic
costs will increase with the increase in
pavement thickness, it is of great
importance to determine the optimum
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pavement thickness during the project
design process. Iskender et al, 2022
investigated the effects of pavement
thickness on pavement performance by
repeated-load-controlled and
deformation-controlled bending test on
beam specimens and also by Hamburg
rutting test. In the flexural test, it was
revealed that the load causing fracture
increased with increasing pavement
thickness and the cracking resistance
increased accordingly. In another study
investigating the effect of base course
and asphalt pavement thickness on road
deformation, test road sections with
different thicknesses were constructed
and data were obtained from these
sections. As a result of the study, it was
determined that the of
deformation decreased with increasing
pavement thickness (Gevrek, 2008; He
and Yang, 2018).

amount

In this study, dynamic loading was
applied to the flexible coating with
different coating thicknesses and the
stresses resulting from the loading were
examined. As a result of the study, the
most appropriate coating thickness was
tried to be determined by examining the
stresses that occurred according to the
change in coating thickness.

2. Material and Methods

In this study, the finite element method
was used to obtain the stress and strain
in the road layers. ANSYS computer
software was selected for the application
of the finite element method. The flexible
pavement was modelled two
dimensions. In the created model, a
flexible pavement with 4 layers was

in
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designed. The geometric model was
created according to the values of 30mm,
50mm, 70mm, 100mm for the pavement
layer, 200mm for the base layer, 400mm
for the sub-base layer and 2000mm for
the sub-base layer. Figure 1 shows the
cross section of the flexible pavement.

1140 mm

50 mm

400 mm

|||||

Figure 1. Flexible pavement cross section

Viscoelastic material, which depends on
loading and temperature, was used for
the pavement layer and elastic material
was used for the other 3 layers (Ozcanan
and Akpmar, 2014). The physical
properties (Modules of elasticity,
Poisson's ratios and densities) required
for these layers are given in Table 1.

Shear modulus and volume modulus
values are additionally needed for the
definition of viscoelastic material. Shear
modulus and volume modulus values
are given in Table 2. These values are
transferred to the programme during

material definition. Operating
temperature is entered as 20 °C.

Table 2. Shear and volume modulus
values (Mulungye et al., 2007)

Time Shear Volume
(s.) Modulus Modulus
(MPa) (MPa)
2.5 975 2536
5 917 2383
7.5 938 2440
10 937 2437
12.5 950 2469
15 960 2495
17.5 985 2561
20 972 2528
225 952 2475
25 920 2392
50 596 1550
75 585 1521
100 597 1551
125 601 1563
137.5 616 1601
237.5 539 1402
262.5 535 1390
287.5 542 1408
312.5 546 1420
337.5 562 1462
362.5 570 1481
387.5 567 1474
637.5 499 1298
887.5 401 1043
1137.5 227 589
1147.5 212 551

Table 1. Material properties (Al-Azzawi, 2012)

Material Modulus of Elasticity (MPa) Poisson Ratio (Ege/ﬁ:z)
Pavement Layer 2100,2500,3000,3500 0.40 2.4e700°
Foundation Layer 600 0.40 2200
Subbase Layer 100 0.30 2209
Subgrade 30 0.40 2,209
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The model was divided into elements
for analysis by finite element method.
Its appearance after being divided into
elements is as shown in Figure 2. At
the nodes at the bottom of the finite
element mesh, movement in both
vertical and horizontal directions is
not allowed. At the lateral boundaries
of the finite element mesh, vertical
is allowed but lateral
movement is not allowed (Ong et al.,
1991; Siddharthan et al., 1991; Saltan
1999). In this analysis, these conditions
were provided and analysed. The
boundary conditions of the model are

movement

as shown in Figure 2.

Figure 2. Finite element mesh

The load applied to the flexible
pavement is a dynamic loading and an
attempt has been made to apply a load
equivalent to a moving axle load in
real life.

A dynamic loading was applied to the
areas with 3 different loading steps by
applying a heavy vehicle, whose axle
plan is given in Figure 3, to the model
of the pavement in Figure 1.

Dynamic load application was also
applied with the transient analysis
module in the ANSYS programme. 3
different loading steps were applied to
the front, middle and rear wheels.
According to Figure 1, the first loading
was applied for the front tyres. The
front wheels were applied to areas Al
and A4. The middle and rear dual
wheels were applied to Al, A2, A3 and
A4 areas. The numerical data about
the force and areas required for
loading are given in Table 3.

4600 mm

' '

e =3

2380 mm

= ==t

A m——————————e—e—ee—ee— e ——

Figure 3. Heavy vehicle axle plan (Mulungye et al., 2007)
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Table 3. Installation steps

1. 2. 3.
Time (s) Al A2 A3 A4 Loading Loading Loading

Mpa)  (Mpa)  (Mpa)
0,000-0,001
0,001-0,0015  x X 0,660
0,0015-0,252
0,252-0,266 X X X X 0,637
0,266-0,338
0,338-0,352 X X X X 0,630
0,352-0,450

same cross-sectional line of the

3. Findings

As a result of the analyses, pavement
layers with 4 different pavement
thicknesses on the flexible pavement
were analysed separately and the
stress the
pavement as a result of these analyses
were shown graphically.

values occurring in

3.1. Pavement Stress Analysis

The top layer of the flexible pavement
is the surfacing layer. Therefore, since
it is located at the top of the pavement,
it is the layer most exposed to stresses,
deformations and environmental
effects. For this reason, the stability of
this layer is important for road life.
Inaccuracies in the determination of
the pavement layer thickness are
design errors and some negative
consequences may arise as a result of
these errors. For example, low
pavement thickness leads to excessive
reduction of flexibility,
shearing between layers and low
inertia  resistance  (displacement
resistance of aggregates) of asphalt
layers (Tung 2004). In this study, the

excessive
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pavement in Figure 1 was influenced
by the heavy vehicle whose axle plan
is given in Figure 3, and the stress
changes in the X direction in those
parts were shown.

The graph shown in Figure 4 shows
the stress graph of the flexible
pavement with 4 different pavement
layer thicknesses. This graph shows
the stress values at the first loading
moment, i.e. when the front tyres
contact the areas. In this graph, it is
seen that the road with low pavement
layer thickness is exposed to more
compressive and tensile stresses. As
the pavement thickness increases,
stress values decrease. (Cao et al,
2022; He and Yang 2018; Ozcanan and
Akpinar, 2014; Walubita and Ven,
2000).
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Figure 4. X direction stress graph at
the first loading (front single
wheel)

Figure 5 shows the stress values of the
centre double axles at the second
loading moment of the vehicle.
Although the values are very close to
each other in this graph, the lowest
stress value is seen in the pavement
layer with a thickness of 100 mm.
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Figure 5. X-directional stress graph at
the second loading (middle
double wheels)

The stress graph at the moment of final
loading, that is, when the rear double
wheels contact the areas, is as shown
in Figure 6. Here, the high stress value
occurring in the pavement with a
thickness of 30 mm stands out with a
big difference. Again, as in the other
loadings, the lowest stress value in this
loading was observed in the road with
a pavement thickness of 100 mm. In
general, what stands out in all 3 loads
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is that less stress occurs in the layer

with higher thickness.
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Figure 6. X-directional stress graph at
final loading (rear double
wheels)

The graphs in Figure 7, Figure 8 and
Figure 9 show the y-direction stress
values occurring in the pavement after
the load applied to the flexible
pavement with different pavement
thicknesses.
directional stress values occurring at
the moment when the front tyres of the
vehicle contact the areas are given in
the graph. In this graph, it is seen that
the flexible pavement with low
pavement thickness reaches high
compressive and tensile stresses.

In Figure 7, the y-
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Figure 7. Y direction stress graph at
the first loading (front single
wheel)

It is seen in the graph in Figure 8 that
the highest values of compressive and
tensile stresses are reached in the
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pavement layer with a thickness of 30
mm during the passage of the middle
two-wheeled axle of the heavy vehicle.
It is seen that 50- and 70-mm thick
pavements are close to each other. In
the 100 mm thick flexible road
that both
compressive and tensile stresses are at

structure, it is seen

low values.
x10
2000 ) / Thicknes:
A " i —
N EX W W e
Y N3
Lane Width (mm)

Figure 8. Y direction stress graph at
the second loading (middle
double wheels)

Figure 9 shows the stress graph during
the passage of the last double axle of
the vehicle. In this graph, the highest
tensile stress value occurred in the
layer with a thickness of 30 mm.
However, in compression, the stress
values of the 30- and 50-mm thick
pavements are very close to each other
and are higher than the others. The
flexible pavement subjected to the
lowest compressive and tensile
stresses is the flexible pavement with
pavement layer having a thickness of

100 mm.
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Figure 9. Y direction stress graphic at
final loading (rear double
wheels)

3.2 Strain for Different Pavement
Thicknesses

In the deformation graphs shown in
Figures 10, 11, 12 and 13, which were
obtained as a result of the analyses
made according to different pavement
thicknesses; as the pavement thickness
increases, the amount of deformation
between the foundation and subbase,
where the maximum deformation
occurs under the areas where the
wheels contact, decreases. Figures 14,
15, 16 and 17 show the y-directional
deformations of the flexible pavement
with different pavement thicknesses.
When these graphs are considered, it
that the
deformations are less deformed in the

is seen y-directional
flexible pavement with 100 mm
pavement layer. However, when y-
deformations
with
deformations, it is seen that the effect

directional are

compared x-directional
of y-directional deformations on the
flexible pavement is not as different as
x-directional deformations.
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Figure 10. X-directional strain of
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Figure 12. X-directional strain of Figure 15. Y-directional strain of

flexible pavement with 70 mm flexible pavement with 50 mm
asphalt pavement thickness

asphalt pavement thickness
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Figure 16. Y-directional strain of
flexible pavement with 70mm
asphalt pavement thickness

Figure 17. Y-directional strain of
flexible pavement with 100
mm asphalt
thickness

pavement

4. Conlusion

As can be seen in the stress graphs
resulting from the analyses performed
with different
thicknesses, there is a decrease in

four pavement
compressive and tensile stress values
as the pavement thickness increases.
In addition, in the x-directional stress
graphs in the analysis, it is seen that
the compressive stresses caused by the
axle load at the front single wheel,
middle double wheel and rear double
wheel transitions are not very far from
each other. According to the analysis,
when the y-directional stress graphs
are analysed, it is seen that the stresses
caused by the double wheel passages
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are 2 times higher than the single
wheel passage at all pavement
thicknesses. It is observed that the
maximum strain between the base and
with
increasing pavement thickness. At the

subbase layers decreases

same time, when y-directional

deformations were compared with x-

directional deformations, it was
observed that the effect of y-
directional deformations on the

flexible pavement was not as different
as x-directional deformations. By
increasing the pavement thickness, the
the

pavement can be reduced and the

stress sensitivity of asphalt
amount of strain can be reduced. As a
result, it is seen that the probability of
deformation of the pavement layer
with high thickness can be reduced. Of
course, at this point, the idea that the
thicker we make it, the longer it will
last is not very appropriate. At this
point, it is also necessary to consider
the economic dimension of the work.
the the

pavement layer too much can be a

Increasing thickness of
burden in terms of cost. For this, it is
necessary to design the pavement
layer with the optimum thickness and
cost. Although the optimum asphalt
thickness is determined to be in the
range of 50-70 mm based on the
conditions considered in the article
(Gevrek, 2008), future studies should
incorporate factors such as cyclic
loads. It is recommended to conduct
various modeling studies with these
is believed that
incorporating cost analyses into future

considerations. It
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studies on this topic will yield more
comprehensive results.
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Abstract

In recent years, the effects of global warming have been felt more and more each day.
Considering the climate zone in which our country is located, the issue of drought
becomes critical. Therefore, it is important to be able to analyze the components of
drought and determine their effects on water resources. In this study, it was aimed to
determine the relationship between the two drought types by determining
meteorological and hydrological droughts for Ankara province. For this purpose,
meteorological droughts of 1, 3, 6 and 12 months were determined using the Standard
Precipitation Index (SPI) and precipitation data. Then, hydrological drought was
determined by the Streamflow Drought Index (SDI) using the total flow rates coming
to the dams in Ankara province. The relationship between meteorological and
hydrological droughts was both interpreted by examining the analysis results and
determined by determining the correlation coefficients. It has been determined that
hydrological drought follows meteorological drought by an average of 1-3 months.
For both types of drought, a severe drought danger is not expected in the studied
region.
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Ankara ilinde Meteorolojik ve Hidrolojik Kuraklik
Degerlendirmesi

Oz

Son yillarda kiiresel 1sinmanin etkileri giin gectikce daha fazla hissedilmektedir.
Ulkemizin yer aldig1 iklim kusag: da diisiiniildiigiinde kuraklik konusu kritik hale
gelmektedir. Bu nedenle kurakligin bilesenlerini analiz edebilmek ve su kaynaklar:
tizerindeki etkilerini belirleyebilmek oOnemlidir. Bu c¢alismada Ankara ili igin
meteorolojik ve hidrolojik kurakliklar tespit edilerek iki kuraklik tiirii arasmdaki
iliskinin belirlenmesi amaglanmistir. Bunun icin, Standart Yagis indeksi (SYI) ile yagis
verileri kullanularak 1, 3, 6 ve 12 aylik meteorolojik kurakliklar tespit edilmistir. Daha
sonra Ankara ilindeki barajlara gelen toplam debiler kullamilarak Akim Kuraklik
Indeksi (AKI) ile de hidrolojik kuraklik belirlenmistir. Meteorolojik ve hidrolojik
kurakliklar arasindaki iliski hem analiz sonuglar: incelenerek yorumlanmis hem de
korelasyon katsayilar1 belirlenerek tespit edilmistir. Hidrolojik kurakhigin
meteorolojik kuraklig: ortalama 1-3 ay kadar geriden takip ettigi tespit edilmistir. Her
iki kurakhik tiir(i icin de c¢alisilan bolgede siddetli bir kuraklik tehlikesi
beklenmemektedir.

Keywords: Kuraklik Analizi, Hidrolojik Kuraklik, Meteorolojik Kuraklik
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1. Introduction

In recent years, the negative effects of
climate change are one of the major
problems faced by our world and our
country. Drought is one of the most
important events caused by global
climate change. In its most general
definition, drought; It is the presence of
less water than needed in a region or less
than the average amount of water in the
region. The emergence of extreme
temperatures
precipitation, population growth and
increased water use pose a major
problem for living things, regardless of
the severity and duration of the drought
(Mentese & Akbulut, 2023). Since Turkey
is located in a semi-arid region in the
world, the danger of drought is one of
the important problems of our country.
For this reason, basic parameters such as
severity, time and duration of drought
need to be known. For this purpose,
many researchers in our country and
around the world have conducted
studies on drought (Deniz Oztiirk &
Unlii, 2022; Wable et al., 2019; Wu et al.,
2021).

and decreasing

Although there are many parameters
related to drought, the most basic factor
affecting drought is lack of precipitation.
Drought types are classified according to
the nature of the data used in drought
analysis. According to current drought
classifications, the most general types of
drought are meteorological,
hydrological and agricultural drought.
The of has
concentrated on only
meteorological or hydrological droughts
among drought types (Moccia et al.,

majority research

examining
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2022; Wang et al, 2022). Varol and
Ulusoy (2023)
meteorological droughts by calculating
the precipitation data and SPI values of
Isparta and Antalya stations for the
Karacadren dams in the Antalya basin.
They found that the drought analysis
results of the two stations were similar to

determined

each other. Additionally, by examining
the SPI data and the volume and level
changes of the dam lake, they stated that
the drought analysis results were
compatible with the level and volume
values of the dam lake. Evci and Kus
Sahin (2021) conducted SPI analysis for
1, 3, 6, 12 and 24 month time intervals in
the Salda lake basin for the years 1981-
2019. When SPI values were examined, it

was determined that the longest
droughts, in which mild drought
prevailed in the region, occurred

between 1989 and 1995. Mentese and
Akbulut (2023) applied drought analysis
to the precipitation data of Bilecik and
Boziiyilik stations between 1964 and
2021. It has been determined that
droughts occur in both summer and
winter seasons at both stations, but there
is no serious danger of drought. Turhan
et al. (2022) interpreted the drought by
determining SDI values at 3 different
stations in the Arsuz Plain for the years
1990-2015. Tugrul and Himis (2022)
determined NYI values to determine
hydrological drought around Konya
Apa Dam for the years 1955-2020 and
found evidence of extreme drought in
the results. Keskiner and Simsek (2023)
made meteorological drought analysis
for Isparta, Egirdir and Seydisehir
stations. It is predicted that Seydigehir
station may be exposed to severe
droughts compared to other stations.
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Since meteorological drought directly
affects hydrological and agricultural
drought, it important
determine the relationship between
them. For this reason, many researchers
have carried out studies that consider
drought types together and examine the
relationship between them (Li et al,
2022; Lin et al., 2023; Minh et al., 2024;
Sarwar et al., 2022). Aktiirk and Yildiz
(2018) examined the effects of droughts
caused by lack of rainfall in the Catalan
dam basin on river flow,
volume and ground moisture. Ozgiin et
al. (2020) analyzed the precipitation data
of Bursa province for the years 1982-2013
with SPI and compared the drought with
the flow rate data of Doganci Dam. In
their results, correlation analysis of
drought analysis and dam discharge was
performed and it was seen that the
relationship was positive. As a result of
the correlation analysis, they determined
that the effect of precipitation in one
month is greatest in the next two
months. Yilmaz and Yilmaz (2022) made
drought analysis for Kirklareli province
with the Multivariate Drought Index
Method (CDKI). In their studies, they
used the variables of monthly total
precipitation, monthly average flow,
monthly average temperature, monthly
average relative humidity and monthly

is also to

reservoir

number of rainy days. They compared
the CDKI results with SPI and SDI and
determined that the CDKI results
provide a more comprehensive analysis.
Cetin and Kumanlhoglu (2023) analyzed
meteorological drought with SPI and
SPEI and hydrological drought with SRI
in the Medar basin. They predicted that
there would be a severe drought in the
basin in the future.
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In this study, hydrological
drought analysis was carried out with
SPI using precipitation data from
Ankara province. Then, the total flow
amounts to 8 dams in Ankara were
calculated. Using these data,
hydrological drought analysis was
performed with SDI. Time scales of 1, 3,
6 and 12 months were used in both SPI
and SDI analyses. The study also aimed
to reveal the relationship between
hydrological meteorological
droughts. For this purpose, whether the
index values affect each other on the
same time scales was examined with the

firstly,

and

help of correlation analysis. According
to the results obtained, it has been
determined that droughts are observed
from time to time in Ankara province,
but there is no danger of severe drought
hydrologically and meteorologically. It
was determined that the relationship
between meteorological and
hydrological droughts was positive and
moderate.

2. Data and Methods
2.1 Study area and data

Ankara, located in the center of Turkey,
was chosen as the study area. For SPI,
General Directorate of Meteorology
Ankara station number 17130 data was
used. The location information of the
station is 39°5821" N and 32°51'49" E.
1991-2023 water year data was used. The
data provided for SDI was obtained
from the tables of water amounts coming
to the dams published by the General
Directorate of Ankara Water and
Sewerage Administration. The dams in
question are Cubuk II, Kizilirmak-
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Kesikkoprii, Kurtbogazi, Camlidere,
Egrekkaya, Akyar, Kavsakkaya and
Elmadag-Kargali dams. The dam
locations and the location of the rainfall
station are shown in Figure 1. The graph

Akyar
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miidere# ubuk Il
won cﬁurtboazl 'ﬁvsakiaya

) madag-Karg
Meteorological

Station
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Turkey

of the annual total precipitation and the
amount of water coming to the dams is
given in Figure 2. Statistical parameter
information for the data used in the
study is available in Table 1.

Lake van

£5.0rg, and

rag

1
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Figure 1. Map of meteorological stations and dams
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Figure 2. Graph of rainfall and water amount in dams
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Table 1. Statistical parameters of the data used in the study

Aut Win Spr Sum Yearly

Min 0,00 1,30 1,60 0,00 237,40

g Max 167,60 116,90 110,00 133,70 604,60
g Mean 27,87 38,87 47,05 24,58 415,11
:;‘; ;irl‘:;‘i; 25,20 23,02 26,26 28,89 90,23
E Skewness 2,10 0,67 0,40 1,94 -0,18
Kurtosis 8,70 0,49 0,72 3,91 0,34

s Min(106) 1,00 1,32 8,57 0,88 128,86

8 Max(106) 70,75 260,87 249,10 100,52 697,06
é Mean(106) 5,89 35,39 78,32 11,78 390,38
§ 5;?;?;; 7,67 39,06 53,36 16,91 134,65
72 Skewness 6,70 2,63 0,76 3,24 0,26

2.2 Standart precipitation index

Although there are many factors in
determining drought in a region, the
most basic factor affecting drought is
rainfall. For this reason, the majority of
the many methods used to determine
drought are based on rainfall conditions.
The standard precipitation index was
developed by McKee and colleagues
(1993) to define and track drought. The
standard precipitation index method is
one of the most frequently used methods
in examining meteorological drought
events (Tiirkes, 2012). DPI is calculated
by dividing the
precipitation from the average within
the specified time period by the standard
deviation (Equation 1).

difference  of

i i
SPI = ~—— )
SPI is the standard precipitation index,
X; is the precipitation amount, X; is the
precipitation average and o is the
standard deviation. SPI evaluates the
rainfall data based on the probability
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distribution using the gamma function.
Since the precipitation data does not
follow a normal distribution on a small
scale, its statistical distribution is
converted to a normal distribution and
then the normalized data is used. (Thom,
1958; McKee et al., 1995). The gamma
function is calculated with equation (2).

x
a-1,B

g(x) = mx (2)

a defines the shape variable (a >0), p the
scale variable (B >0), x defines the
amount of precipitation (x > 0) and I'(a)
defines the gamma function. Maximum
likelihood solutions are used to estimate
a and B (Equation 3), (Equation 4) and
(Equation 5).

a=(1+ 1+% 3)
p== @
A= In(®) —Zh;l(x) (5)
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is the number of precipitation Hx)=q+ (1 -q)G(x) (7
observations. These parameters
obtained using the observed time series gq=mx*n (8)

are then used to find the total probability
density function of an observed value in
any month. In this case, the cumulative
probability  distribution function is
defined by Equation 6.

q refers to the probability for a zero
value. If m is the number of days without
rain in a rainfall series, this percentage is
found with Equation (8). The total
probability value H(x) is converted into
a standard normal random variable Z,
which has a mean of zero (0) and a
variance of one (1), representing the SYI
The gamma function is undefined for x= value. H(x) is the value of SYI. The
0 and the precipitation distribution may  drought classification of the values
contain zero (0) values. In this case, the  obtained with SYI is as shown in Figure
cumulative probability distribution is 3 (Guttman, 1999; Ozfidaner and
calculated with Equation 7 and Equation =~ Topaloglu, 2020).

x 1 x X
G(x) Zfo g(x)dx = mj; x%1e Bdx (6)

8.

Extreme | | | | | | | Extreme
Drought’ .2 Severe -1.5 Moderate -1  Mild 0 Mild 1 Moderate 15 Severe 2  Wet
Drought Drought Drought Wet Wet Wet
Figure 3. Classifiation values of SPI
2.3 Streamflow drought index (2008). The index value, which is an

indicator of hydrological drought, is
The method that allows examining calculated with the cumulative flow
hydrological drought using monthly totals as stated in Equation 9.
flow data was developed by Nalbantis

3k
Vig = Z Quji=12. j=12,..12 k=1234 9)
j=1

Q;; is the flow data, i is the year, jisthe =~ 4  October-September.  After  the
month, and k is the 3-month periods cumulative flow total is determined, the
within the water year. According to this;  flow drought index is calculated with
k=1 October-December, k=2  Equation 10.

October-March, k = 3 October-June, k =

Vik = Vi _
SDI,, k = 1,234 (10)

Oy
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Vi represents  the value of
cumulative volumes, o} represents the
standard deviation of

volumes. The drought classification of

mean

cumulative

the calculated SDI values is expressed
with the graph given in Figure 4.

Exl:reme‘ | | i | i i | ‘Extreme
Drought’ .}  Severe -1.5 Moderate -1 Mild 0 Mild 1 Moderate 1.5 Severe 2  Wet
Drought Drought Drought Wet Wet Wet
Figure 4. Classifiation values of SDI
2.4 Pearson correlation coefficient correlation coefficient takes values

The correlation coefficient (r), which
provides about the
relationship between two variables, is
calculated with Equation 11. The

information

between 0 and 1. While its numerical
value expresses the strength of the
relationship between two variables, its
sign indicates that the variables increase
or decrease in the same direction.

nY XY -NX%Y

r

(11D

\/[nzxz ~EX Xy - IV’

If the calculated r value is in the range of
(0-0.2), there is a very weak relationship,
in the range of (0.2-0.39), there is a weak
relationship, in the range of (0.4-0.59),
there is a moderate relationship, in the
range of (0.6 -0.79) is interpreted as a
high level of relationship, and a range of
(0.8-1) is interpreted as a very high level
of relationship.

3. Results

All meteorological drought (SPI) index
values can be found in Figure 5, and all
hydrological drought (SDI) index values
can be found in Figure 6. In the graphs
presented, it can be determined which
drought class the index values belong to.
The incidence of extreme droughts
decreases as the time scale increases.

It is seen in the graphs that both
meteorological and hydrological
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drought index values sometimes reach
the extreme drought level. However,
when examined in whole time interval,
it is possible to say that there is no
danger of extreme drought for Ankara
province.

In determining hydrological and
meteorological droughts in Ankara
province; SPI and SDI values were
calculated for time scales of 1, 3, 6 and 12
months. SPI and SDI values in terms of
severity, duration and frequency, as well
as the formation dates of the minimum
index values, are given in Table 2. When
this table is examined; Both SPI and SDI
analyzes showed that there was an
inverse relationship between drought
severity and duration and frequency.
However, although the years in which
minimum index values occur vary, they
are predominantly seen between 2000
and 2010.



Meteorological and Hydrological Drought Assessment in Ankara Province

SanjeA xapu| T-1ds

- =)

San|eA Xapu| g-1dS

sanjeA Xapul 9-1dS

srey
STIe
YTZeH

SaNjeA Xapul TT-1dS

Wet Mildly

wm Drought Extremely

—e—SPI-12

Drought Severely

w— \Ver Extremely

Drought Moderately

Wet Severely

SPI values for 1

Drought Mildly

Wet Moderately

6 and 12 months

3,

7

5

igure

F

49



Seyhan, F., Milletsever, E., Kiiciikerdem Oztiirk, T.S., 2024

SDI-3 Index Values SDI-1 Index Values

SDI-6 Index Values

SDI-12 Index Values

Drought Mildly Drought Moderately
-4 Wet Moderately Wet Severely

Drought Severely m— Drought Extremely Wet Mildly
—\Vert Extremely —e—5SDI-12

Figure 6. SDI values for 1, 3, 6 and 12 months

Considering the index values of the
same time scales, the drought and
humidity occurrence percentages are
shown in Table 3. It was determined that
the percentages of total drought and
total humidity occurrence for the 1991-
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2023 year period were half. While
extreme drought or extreme humidity
occurrences were observed at levels of
1%-5%, mild drought and mild humidity
occurrences were observed at levels of
30%-40%.
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Table 2. Severity, duration, frequency of occurrence and minimum index values for

SPI and SDI
. . Minimum Date
Severity Duration Frequency Index Value of Occurence
Drought Mildly 121 64 -0,99 08/2009
If'I Drought Moderately 28 17 -1,49 11/1996
1 Drought Severely 19 -1,99 01/2001
Drought Extremely 12 -2,84 05/1992
Drought Mildly 110 34 -0,99 05/2003
I§I Drought Moderately 42 10 -1,49 03/1997
3 Drought Severely 23 1 -1,97 02/2023
Drought Extremely 6 - -2,56 06/2003
Drought Mildly 111 27 -0,99 08/2012
I§I Drought Moderately 39 4 -1,47 06/2004
% Drought Severely 27 1 -1,97 01/2023
Drought Extremely 6 - -2,71 05/2007
S Drought Mildly 98 20 -0,97 11/1992
PI  Drought Moderately 56 3 -1,49 03/1994-04/2003
- Drought Severely 12 - -1,99 03/2004
12 Drought Extremely 9 - -2,38 11/2006
S Drought Mildly 143 55 -0,99 08/1992-07/2009
D Drought Moderately 45 15 -1,49 09/1995-09/2009
I Drought Severely 14 1 -1,95 08/1994
1 Drought Extremely 4 - -2,34 05/1997
S Drought Mildly 135 38 -0,98 02/1994
D  Drought Moderately 40 8 -1,49 01/2006
I- Drought Severely 15 1 -1,98 03/2001
3 Drought Extremely 5 - -2,55 08/1994
S Drought Mildly 140 27 -0,99 05/2013
D  Drought Moderately 25 4 -1,47 06/2001-04/2008
I- Drought Severely 22 2 -1,99 12/2006
6 Drought Extremely 7 - -2,35 12/1993
S Drought Mildly 121 14 -0,98 08/2013
D  Drought Moderately 15 3 -1,49 03/1994
I- Drought Severely 23 1 -1,98 05/2006
12 Drought Extremely 18 - 2,7 03/2007

Table 4 shows the correlation analysis
results of SPI and SDI index values by
month. The relationship type was
determined to be positive in all
calculated months and time intervals. To
evaluate in terms of relationship level; A
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mostly moderate
determined between SPI and SDI values.
As the time interval in the index results
increases, the correlation analysis results
provide significantly better results.

relationship was
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Table 3. Drought and humidity occurrence percentages

SPI-1 SPI-3 SPI-6 SPI-12 SDI-1 SDI-3 SDI-6 SDI-12
Drought Extremely 0,03 0,02 0,02 0,02 0,01 0,01 0,03 0,05
Drought Severely 0,05 0,06 0,07 0,03 0,04 0,04 0,04 0,06
Drought Moderately 0,07 0,11 0,10 0,15 0,12 0,10 0,11 0,04
Drought Mildly 0,32 0,29 0,29 0,26 0,37 0,35 0,31 0,32
Wet Mildly 0,38 0,36 0,35 0,38 0,29 0,34 0,37 0,40
Wet Moderately 0,10 0,10 0,10 0,09 0,11 0,09 0,07 0,05
Wet Severely 0,05 0,05 0,05 0,06 0,03 0,04 0,06 0,06
Wet Extremely 0,01 0,01 0,01 0,01 0,03 0,03 0,02 0,01

This is due to the fact that it takes time

determined that the periods with the

for the precipitation to flow. In the  highest correlation came after the

correlation analysis results, it was  periods when rainfall was abundant.
Table 4. SPI and SDI correlation analysis by months
SPI/SDI 1- 3- 6- 12- SPI/S 1- 3- 6- 12-
month month month month DI month month month month
October 0,19 0,23 0,48 0,56 April 0,28 0,43 0,37 0,32
November 0,06 0,21 0,64 0,58 May 0,46 0,66 0,43 0,45
December 0,18 0,52 0,55 0,54 June 0,68 0,67 0,32 0,45
January 0,54 0,51 0,50 0,28 July 0,50 0,44 0,22 0,57
February 0,53 0,33 0,44 0,22 Augus 0,32 0,11 0,23 0,62
t
March 0,27 0,07 0,38 0,31 Septe 0,34 0,08 0,37 0,61
mber

4. Conclusions

In recent years, the effects of global
warming have been felt more and more.
The issue of drought is becoming more
important day by day due to global
warming, extreme temperatures and
decrease in precipitation. Especially
considering the climate zone in which
our country is located, the issue of
drought becomes even more critical. It is
important to be able to analyze the
components of drought and determine
their effects on water resources.
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In this study, meteorological droughts
were determined with SPI using the
rainfall data of Ankara province located
in the center of Turkey, and hydrological
droughts were determined with SDI
using the data on the amount of water
coming to the dams in Ankara. In
calculating SPI and SDI values for
Ankara province, time intervals of 1, 3, 6
and 12 months were taken into account.
Although severe droughts occur from
time to time in both types of drought, it
is possible to say that there is no danger
of severe drought for Ankara province.
The most common drought classes for
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both precipitation and runoff data are
slightly dry and slightly wet. Although
the drought and humidity percentages
are approximately equal; The number of
dry years is less than the number of wet
years. It has been observed that the
driest years at different time scales
occurred in the period between 2000 and
2010.

According to the results of the
correlation analysis between
meteorological and hydrological
droughts, a  mostly = moderate
relationship was detected. One of the
reasons why  higher  correlation

coefficients cannot be obtained is that
precipitation data is limited to a single
meteorological station and flow data
consists of the total amount of water
arriving at 8 dams. Other reasons are
related to climate variability, human

activities, land use status and land
characteristics.

When the occurrence dates of
hydrological and meteorological

droughts are examined, they generally
occur 1-3 months after meteorological
droughts, depending on the calculated
time scale and stations.

Conducting studies on drought in a
specific region provides the opportunity
to be prepared for possible risks. It is
especially important to take precautions
against dry seasons that are expected to
be rainy. Apart from drought analyzes
made with existing data, it will also be
useful to predict droughts that may
occur in the coming years. The results
obtained from the study can be used for
water resources management.
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Cevresel Etkilerin Azaltilmasi i¢in Bina Diisey
Kabugundaki Malzemelerin Secim Olciitlerine Genel Bir
Bakis ve Malzeme Secim Olgiitlerinin Tiirkiye’'de
Uygulanabilirliginin Tartisilmasi

Oz

Kaynaklarin verimsiz kullanilmasi, fosil yakit tiiketimindeki artis, kentlesme ve buna
bagl gerceklesen bina iiretimi binalardan kaynakli ¢evresel etkilerin son yillarda
hizla artmasma neden olmustur. Malzeme se¢imi ve malzemelerin yasam donemi
performansinin dikkate alinmas: stirdiiriilebilirligi saglamanin temel unsurlarindan
biridir. Binalarin ¢evre iizerindeki biiyiik miktardaki etkisi, binada kullanilan yap1
malzemelerine dayanmaktadir. Bir¢ok ¢alisma malzeme seciminin enerji titketimi ve
cevresel etkiler tlizerinde biiyiik etkisi oldugunu gostermektedir. Farkli malzeme
se¢im yontemleri ve modelleri bulunmaktadir. Bu ¢alismada, farkli ¢alismalardan
sistematik bir yaklasimla materyal se¢im yaklasimlar: 6zetlenmis ve yaklagimlarin
Tiirkiye'de uygunlabilirligi ele alinmistir. Calisma, malzeme se¢iminin karmasik bir
problem oldugunu ve malzeme se¢iminin yasam donglisii perspektifinden ele
alinmas: gerektigini ortaya koymaktadir. Malzeme se¢im yonteminin gelistirilmesi
karmasik bir sorun olmasiyla birlikte, uygulanmasi da bazi kisitlardan dolay: smirh
olarak gerceklesebilmektedir. Malzeme secim Olgiitlerinin dikkate alinarak
uygulanmasi Tiirkiye agisindan veri veya standart eksikligi gibi nedenlerden dolay:
heniiz uygulanabilir degildir. Ancak bu alandaki c¢aligmalarin devam ettigi
bilinmektedir.

Anahtar Kelimeler: Yap1 Malzemesi Secimi, Yasam Dongiisii Degerlendirmesi, Cevresel
Etki
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An Overview to Reducing Environmental Impacts with Material Selection In Building Vertical Envelope and

Discussion Material Selection Guidelines for Turkey

1. Introduction

Materials, energy and water are the three
main resources required to construct and
run buildings. Materials and energy are
consumed at a faster rate than they are
being produced. High level of
consumption in today’s world brings
some serious problems which are caused
by consumption. According to World
Watch Institute report construction
industry has consumed % 50 of
resources, % 16 of water resources and %
40 of energy (Roodman and Nessen,
1995). In addition, half of the world’s
waste generation belongs to
construction industry. In a building’s life
cycle %10-20 of environmental impact is
formed by building materials. Therefore,
materials selection” importance has risen
in construction sector. In energy efficient
building design, material and energy
the key factors.
Especially in built environment, material
selection for building vertical envelope
can be the most important factor. Some
factors such as building shape, form and

consumption are

orientation sometimes are limited to
design in built environment. In a
building, vertical envelope materials
have the largest volume in whole
building materials. Building vertical
envelope has also largest surface than
other building components.

Material selection is an
problem, which affect buildings comfort
level, environmental impact and energy
consumption directly. The study has
three major aims. Firstly, have an

important

overview on reducing environmental
impacts with material selection in
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building vertical envelope.
material selection is a huge and complex
subject. The building envelope, due to its
extensive surface area, constitutes the
component that consumes the greatest
amount of materials within a building.
Consequently, the selection of materials
for the building envelope significantly
influences the environmental impact
associated with the
building materials. Therefore, study is
limited with building vertical envelope
because of its effects on buildings energy
consumption
impact. Secondly, summarizing criteria
for material selection in building vertical
envelope to reducing environmental
impacts. The last aim is to discuss criteria
from point of applicability view and
applicability for Turkey. An
introductory study try to be done for
building vertical envelope material
selection which reduce environmental
impact from life cycle view.

Building

utilization of

and environmental

2. Material and Methods

In the study, building material selection
criteria were taken from a life cycle

perspective in order to have a
comprehensive perspective. Energy
consumption and environmental

impacts caused by building materials
during the production, use and disposal
stages are explained in this section.
Literature review was used to determine
building material selection criteria.

21 Material selection for building
vertical envelope impact’s on energy
consumption and environment
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Reducing environmental impacts from
building depends on reducing three
main flows, which are material, energy
and water, in building (Yeang, 2008,
Kibert, 2013, Mehta and Prowal, 2013).
According to US Green Building Council
(USGBC) building materials choices are
fundamental to achieving success in
sustainable design (LEED, 2024). As I
stated before material selection for
building vertical envelope is a key factor
in built environment to reducing energy
consumption.  Material’'s  thermal
properties in building vertical envelope
affect building’s operational energy
consumption widely. Moreover, amount
of materials in vertical envelope is more
than other components so; embodied
energy of building envelope is higher
than other building components. A
small literature overview has done for
understanding relationship between
material selection, energy consumption
and their effects on environment. In this
context master
proceedings, which are given in the
references, were examined.

thesis, articles and

Zhou et al., (2023) have made a research
which conducts a critical review to
identify design variables affecting the
environmental impacts of buildings at
three design stages during the design
processes. The study show that reveal
that eight design variables in early
design stages... have an impact on a
building’s  life-cycle = environmental
impacts (Zhou, et al., 2023). In detailed
design stages, there are four kinds of
design variables finishing
materials linked with the environmental
impacts of a building (Zhou et al., 2023).

such as
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2.2 Material selection impact on energy
consumption

In Carol Monticelli and others study, a
single family house and a residential
block with different vertical envelope
alternatives has compared in building
life cycle term according to energy
consumption (Monicelli et al., 2011). All
vertical envelope alternatives are in
different thickness and materials but all
have
Alternatives are a) external thermal
insulation render system on single leaf
brickwork cavity wall, b) cement
rendered lightweight brickwork outer
leaf, insulation, gypsum
brickwork inner leaf; c¢) dense solid
brickwork outer leaf, insulation, gypsum
d)
ventilated wall, an external thermal
insulation brick masonry wall externally
covered in brick hollow flat blocks, and
assembled by means of suspension
devices and mechanical style fixings; e)
single leaf brickwork cavity wall with
cement rendering; f) Aluminum
cladding and insulation layer indoor
alternatives  has
compared according embodied
energy operational  energy
consumption. Energy calculations have
done according to ISO 13.790 standards
and English data has used for embodied
energy (ISO, 13790).
Material’s on energy
consumption can be seen from table
clearly. Envelope alternative ‘b’ has
lowest embodied energy amount but it
has  highest operational energy
consumption amount. On the contrary,
alternative ‘f’ has the highest embodied
energy amount but it has lowest

same thermal resistance.

rendered

rendered brickwork inner leaf;

side.  Envelope
to

and

calculations
effects
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operational  energy
amount. Alternative ‘f’ has aluminum
cladding, as far as we know from
literature aluminum is one of the highest
embodied energy
Therefore alternative ‘f’ has the highest
embodied energy need even if it has
lowest operational energy consumption
amount. Another result taken from the
table which is quite important is about
maintenance energy need. There is a
direct relationship between embodied
energy and maintenance energy need.

consumption

need materials.

Alternative which has lowest embodied
energy amount (b) has also lowest
maintenance energy need. Aluminum
cladding envelope alternative has the
highest maintenance energy need. In the
study material
embodied

selection affect
operational

on
energy and

energy can be seen clearly.

In another study from C.Thormak,
building replacement
alternatives have compared in passive
solar house (Thormak, 2006). Exisisting
building components redesign with

material

minimum material replacement but
same thermal resistance conditions.
Study has focused on embodied energy
and recycling potential of components.
Three  alternatives building
components, which exisisting
component, minimum embodied energy
alternatives and maximum alternative,
have compared. According to study,
embodied  energy
alternative is %17 lower than exisisting
components and maximum redesign
alternative embodied energy amount is

of
are

minimum

of

%6 higher than exisisting alternative.
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K. Ferit Cetintas, compare different
building envelope alternatives effect on
embodied energy and carbon emission
related study (Cetintas 2019).
According to the results of the study,
different thermal insulation materials
with the same thermal conduction
coefficient have a high effect on the
embodied energy and carbon emission
of the building envelope. The study
revealed that the embodied energy
savings achieved by using glass wool

in

thermal insulation material instead of
XPS is approximately equal to the
annual heating energy consumption of
the reference building (Cetintas, 2019).

Smart materials” applications to building
envlope has researched by
Francesco Sommese and others. The
study remarked that the building
envelope should be adative to the
for energy
consumpiton. Therefore smart materials
such as hydrogel, photocromic and
thermoresponsive  polymers  have
energy saving potential (Sommese et al.,
2023). When the application of smart
materials is suitable, their capacity to
leverage environmental factors as
passive triggers for adaptation, coupled
with the relative reduction in energy
consumption, qualifies the solution as a
resilient approach (Sommese et al,
2023).

been

environment reducing

The last example which show the
material impact on the
embodied and operational
energy in Indonesia. Agya Utama and
Shabbir H. Gheewala
‘embodied energy of building envelopes

selection’s
energy

focused on
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and its influence on cooling load in
typical Indonesian middle class houses
(Utama and Ghewala, 2006). In this
study a typical single family house has
compared with different material
for building components
according to embodied energy and
operational energy for cooling loads.
Alternatives are brick wall with a clay
roof and concrete block wall with
concrete roof. Alternative 1, which has
block, embodied energy
amount is %30 higher than alternative 2
(brick wall and clay roof). In addition
alternative 2 cooling load is %30 lower
than alternative 1 (Utama and Ghewala,
2006). Results shows that material
selection gives about %30 energy
efficiency in embodied energy and
operational energy in a conventional

selection

concrete

house unit in Indonesia. As it is stated in
the examples material selection in
building envelope has great impact
embodied energy and operational
energy consumption of building. In
addition material selection has great
impact on environment too.

2.3 Material
environment

selection impact on

Each building material has different
origin so each material has different
impact on environment. Environmental
impacts of building material are an
important as well as their embodied
energy. Environmental impacts of
buildings related with their
component’s  materials. Nowadays
building  material’'s  environmental
impacts is formed of building’s
sustainability. There are some studies on
building’s impact on the environment.

are
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Life cycle assessment method is used to
evaluate
environment mostly.

building’s  impact on

Different construction types such as
mass timber, reinforce concrete and
structural steel has been compared
according to environmental impact by
Vabihav Kumar and others. The study
remarked that structural material of the
building has affect its environmental
impact widely (Kumar et al, 2024).
Building which has a mass timber
structure reduce global warming
potential in range of %39 to %51 (Kumar
etal., 2024).

Canay Camur was compared EPS and
rock wool insulation materials with a life
cycle assessment method in her master
thesis (Camur, 2010). GABI life cycle
assessment software was used for
evaluation in the study. As a result of the
study EPS insulation material give better
results than rock wool from view waste
generation, environmental impacts and
energy use. For instance SO2 emission of
rock wool nearly as twice as EPS
(Camur, 2010) . Appu Haapio ad Pertti
Viitaniemi have investigated that how
does affect different structural solutions
and materials building’s impact on
environment (Haapio and Viitainmei,
2008). Environmental impacts of 78
single family houses were calculated in
the study. The buildings have different
material layers and different length of
service life varies from 60 years to 160
years. Environmental impact
calculations were made with ATHENA
impact estimator software. For instance,
rock wool, cellulose and fiberglass
insulation materials were compared
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according to environmental
impact global
warming potential, air pollution index,

and water pollution index and energy

some

indicators such as

consumption. According to calculation
results, cellulose has lowest and rock
wool has  highest impact on
environment. Each building component
such as windows, envelope, roof and
structure were evaluated according to
their environmental impacts. As a result
of the study from an environmental view
best environmental options for building
components were determined under
identified The building
components which have low resource
consumption and low pollution to

conditions.

environment are  identified as
‘environmental friendly material’ in the
study. Moreover, wall insulation:

cellulose (exterior), fiberglass (interior),
cladding: wood tongue-and-siding,
window frame: wood frame window,
and roof material: steel or concrete tile
options are found as environmental
friendly material options for building
components for this study.

Houda Ajabli, et all, focus on eco
friendly thermal insulation materials’
impact on indoor comfort. The study
remarks that Eco-friendly insulation
generate waste
during installation and can be recycled
at the end of their lifecycle. In addition
their impact on indoor comfort more
extensvely.

materials minimal

Therefore evironmental
effects which is caused by XPS insulation
material using could be reduced (Ajabli

et al., 2023).
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Liang et al., (2023) have studied on
decarbonization potential of buildings
from life cycle perspevtive (Liang et al.,
2023). The study suggested that
prefabrication in construction industry
helps the decarbonization with using
raw materials effective and recycling
materials has
environmental benefits.

waste various

Kim., et all have studied on low carbon
durability design for green apartment
buildings in South Korea (Kim et al.,
2017). Achieving high durability in
apartment building structures can be
accomplished by selecting materials
with durability, thereby
reducing CO2 emissions through a
decrease in the quantity of materials
used. This study focuses on concrete, as
most apartment buildings in South
Korea are constructed with reinforced
concrete structures, making the service

superior

life of structural members reliant on
concrete durability (Kim et al., 2017).

3. Findings

In this section, information obtained
from studies in the literature has been
compiled and building material
selection criteria have been compiled to
minimize environmental impacts from a
life cycle perspective. Material selection
criteria will be explained under separate
headings by dividing the life cycle
process into periods.

3.1 Material selection guidelines for
reducing environmental impacts
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Building material selection is a complex

problem not in construction
industry but also in other industries.
There are some guidelines and
environmental friendly material
selection methods to solve material
selection problem in industries. But most
of these guidelines are identified clearly;
most of them just give fundamental

items for the selection.

only

The Environmental Preference Method
(EPM), which was developed by Woon
and Energie in 1991, has been first
attempt to developed a decision making
tool for environmental friendly material
selection (Anik et al., 1996). EPM method
based on Life Cycle Assessment method
from simple way. EPM is a very well
known method which has used in many
studies. David Anik and others used
EPM method for building material
selection (Anik et al., 1996). They studied
on a hand book of sustainable building
which was formed with EPM method.
Building material suggestions for each
building component are found in the
study. Moreover, there is a list of
materials, which should be avoided
because of its environmental pollution,
for each building component in the
study. But these kinds of selection
methods cannot be applied in all
countries. Material
technology, production energy source,
transportation type, distance and effects
of geographic conditions on
environmental pollution change country

production

to country. For instance according to
David Anik and others study timber
window frame identified as ‘preference
material’ from view of environmental
performance (Anik et al., 1996). But in
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some Middle East countries timber
provides from another country with
long distance. Because of that timber
frame cannot be best solution in these
countries.

Each study on material selection focus
subject in a same frame but from a
different angle. This situation makes
confusion for material selection. In this
paper studies
environmental impacts with material
selection researches and guidelines try to
be summarized with a systematic
approach (Anik et al., 1996; Sam, 2012;
John and Brenda, 1998a; John and
Brenda, 1998b; Bjorn, 2009).

some on reducing

3.2 Material selection guidelines for
building vertical envelope for Turkey
and its applicability

Major aim of the paper is to summarize
material selection in building vertical
envelope for Turkey and discussion
applicability of guidelines to Turkey.
Material selection is limited with
building vertical envelope for this study
but
components. It is an introductory study
to develop guidelines Turkey.
Guidelines  summarized  with a
systematic approach and they are based

it can apply to all building

for

on phases which are parts of the
material” life cycle. Guidelines divided
into three phase which were pre use, use
and post use phase.

Preuse phase guidelines: Preuse phase
includes from raw material extraction to
transportation to construction site.
Guidelines summarized from studies
(Anik et al., 1996; Sam, 2012; John and
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Brenda, 1998a; John and Brenda, 1998b)
in a table 1. But some of these guidelines
and their application to countries such as
Turkey/Istanbul should be discussed.

Raw material section: Material’s origin
and source have great impact on
environment. Material has natural origin
and from renewable sources should be
preferred. But this item cannot be
applied well for Istanbul. For instance in
LEED green building certificate system,
non using timber products from non
an obligatory
criteria and all timber products should
have label about their source (LEED,
2023) . In Turkey there is no any labeling
system about timber products origin.

renewable forests is

Constructer and architects doesn’t know
material exact source and origin in
Turkey because lack of data. Another
important point in raw material section
is about its origin. Material has natural
origin from polluted lands has harmful
effect on indoor air quality. But it is
difficult to find data about material’s
source and land’s quality in Turkey.

Transportation:  Transportation  is
another  complex  problem  for
evaluation. In most of studies material
should preferred from ‘short’ distances
but there is no any identification about
short distance. For instance, a distance
which is identified as short for United
States can be very long distance for small
countries Holland.
Transportation type is another issue for
this section. Type of transportation
affects to
directly. Truck type is very important for

such as

emissions environment

emissions. In Europe Union trucks
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carbon  emission
Turkey, regulatory
standards have been established to limit
carbon emissions produced by motor
Nonetheless, it has been
documented that certain vehicles
employed in road freight transportation
fail to adhere to these regulations.

should provide

standards. In

vehicles.

Production: Production technology is
another important issue for
environmental impacts. Each factory’s
energy and raw material consumption
are different because of production
technology
effectiveness. Difference in effectiveness
and production technology affects
environmental performance of
Embodied energy of
building material related with its
environmental  performance. High
embodied energy materials have great
impact on environment. Calculation of
embodied energy and raw material
usage can be a complex problem for
countries which has any database. In
Turkey there is not any database about

and production

materials. a

building materials embodied energy and
environmental impacts. In Turkey LCA
studies in construction sector use
database from abroad. That is why all
studies have discussed because of lack of
data. A questionnaire has done to
evaluate environmental performance of
building materials by Ugur Kaya (Kaya,
2010). He stated that it is difficult to
measure environmental impacts of
building materials because of lack or
inadequate data in Turkey. Productions
of some building materials are done by
different contractors and final mounting

is done in another factory. Therefore,
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data about embodied energy and
environmental impacts cannot be find or
measure easily. In Turkey some factories
use high technology energy, water
recovery systems and filters for
pollution reducing but most of the
factories do not use these technologies.
That is why emissions and energy

consumption amounts can change
hugely from factory to factory.
Use phase guidelines: Use phase

guidelines include construction, use and
maintenance phase. The guidlines can be
seen in Table 2.

Construction: Construction phase is
complex part of
workmanship and use conditions have
to be taken into account. Workmanship
quality affects a material’s performance
directly. In some countries there are
some standards for mounting of
building components but in some
countries such as Turkey there isn't any
standard for workmanship in detail.

another because

Use and maintenance: Use conditions
have great impact
performance. Use conditions effects
material’s durability and maintenance
need. Use be
predicted so performance failure due to
use conditions is unpredictable area of
material selection. Service life of a
building material has different value in
each country. The difference in service
life affects material maintenance or
replacement needs which affect
materials ~ environmental  impacts
directly. Countries such as England has
their life

on a material

conditions cannot

own material’s service
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standards. In Turkey, service life of
building  materials
interpretation of international
standards. Related standards have to be
developed according to Turkey’s
conditions to get adequate results.
Another issue in this phase about
maintenance. In some countries such as
England (BS 8210 or SFG20) and Sweden
maintenance of materials are clearly
defined with standards but in Turkey
there is not related standards about
maintenance of building materials or
elements.

standards are

Post use phase guidelines: Post use
phase guidelines include demolition
phase. The guidlines can be seen in Table
3.

Demolition: Demolition is the last phase
of a material in its life cycle. From an
environmental  approach  material
should be re use or re cycle after its life
end. In LEED green building certificate
system, some amount of the whole
building material should be reusable
and recyclable is a necessity (LEED,
2024). Recycling of some building
materials is based on technology
availability. For instance in Turkey some
building materials cannot be recycled
because of lack of technology. Moreover
some manufacturers have any idea
about reusing (Kaya, 2010). Therefore,
serious amount of building materials
which can be reuse or recycle, turn into
waste  without any  processing.
Demolition techniques, which affect

environment
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Table 1. Preuse phase guidelines for building vertical envelope material selection.

PHASE

CRITERIA

PREFERENCE

NOT RECOMENDED

PRE USE PHASE

Materials  origin:
Artficial, Recycled

Natural,

Natural, Recycled

Artificial

Materials source: Renewable,

bl Renewable Non renewable
non renewable
Content harmful
» | Content: Harmful substance or | Presence without
| substances such as
< | not harmful substances
S radon gas
=
= Available and wide
< | Availability Lack of sources
s spread sources
= Low energy need for | High energy need for
< | Ener consumption durin; Y & 8y .
&~ oxt gc?c]'o p 8 ext and from | ext. And use of fossil
xtraction
renewable sources fuels
. . . Have low | Have high
Environmental impacts during . . .
. . .2 | environmental environmental impact
extraction soil, water, air, | . .
. impact mat. Such as | mat. Such as aluminum,
human, habitat etc. . .
timber, stone steel, zinc
E Transportation type: Truck, | Materials  provide
Q i i from local sources in | Materials should not be
g | Railway, Air, Sea
(2 short distance with | provided from long
é Distance effective  transport | distance companies
=) type
. . Low roduction | Highly ener need
Energy consumption during P . &Y 8y .
roduction energy need material | mat. For production
P (natural) such as steel, aluminum
Production technology Minimum level of|In efficient production
4 production loss technology
o
B | Water consumption during | Minimum water | High level of water
@) p g g
8 production consumption consumption
O [Envi 1 duri Min -
= nvironmental impact during inimum impact to Hich level of impact to
= production to air, water, soil, | environment during g. P
. . environment
human and habitat production
. . .. Genrate huge amount
Waste  generation  during | Minimum waste & .
ducti . of waste during
production generation .
production
£ | Transportation type: Truck, | Materials  provide
2 Railway, Air, Sea from local sources in | Materials should not be
<£ short distance with | provided from long
é} Distance effective  transport | distance companies
| type

67
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Table 2. Use phase guidelines for building vertical envelope material selection.

PHASE CRITERIA PREFERENCE NOT RECOMENDED
E L d f
nergy . ow energy neec for High energy need for prod.
consumption during | production and from )
. And use of fossil fuels
production renewable sources
% Water consumption | Minimum water High level of water
= during production | consumption consumption
o .
2 Environmental
i t duri Mini i t t
B |impact during inimum impact to High level of impact to
Z | production to environment during )
o . . . environment
o air,water,soil, human | production
and habitat
§ Waste generation Minimum waste Cause huge amount of
e during production | generation waste
~
H High level of durability Low level of durability
P | & |Durability and materials have long | and materials have long
% service life service life
§ . Low maintenance need High maintenance need
@ |Maintenance . .
= materials maintenance
Z
= High i t on IA
g Impacts on indoor | Low impact on indoor mﬁerﬁ}fiﬁcﬁts sglvents
Qn |environment high quality . ’
Z paints etc.
< | Energy . .
<3| . . Low energy consumption | High level of energy
» | consumption during . .
) . and low environmental consumption and
production and . . .
. impact environmental impact
impact on env.

low, are not known by demolishing

environment

in

life cycle

stages.

companies.
4. Results

Material selection is a process which
affects building’s performance and its

sustainability. Reducing energy
consumption  and environmental
impacts can be achieved through

appropriate material selection. Although
there are several material selection
methods most of them does not include
life cycle approach. Buildings and
materials have different impacts on
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Therefore, life cycle performance of
materials should be taken into account
during material selection. Importance of
considering the life cycle of building
materials, the embodied
energy and carbon emissions associated
with their production and disposal. But
cosidering life cyle performance need

including

comprihensive data about materials” and
their origin. Lack of information and
data is a critical problem in material
selection. C. Thormak and U. Kaya
highlighted same problem in their
studies.
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Table 3. Post use phase guidelines for building vertical envelope material selection.

PHASE CRITERIA PREFERENCE NOT RECOMENDED
Low energy needs for high energy needs for
gzzfl};t;ejds for demolition and from demolition and use of
renewable sources fossil fuels
Environmental impact .. .
. .\ .| Minimum impact to . .
during demolition to air, . . High level of impact to
. environment during . .

soil, water,human and . environment (explosives)
- habi demolition
@ | 5 abitat.
5 O | Transportation type
= = : ial
E E Truck, Railway,Air,Sea Materials dispose in Materla S 'shoul'd' I,IOt be
Rl . qeee disposed in facilities
510 short distance facilities. . .
= | = |Distance which is far way from site
75} =

a

8 1 Materials which have a .

Re use ability potential of re use non re useable materials

. Materials that can be re .

Re cycle ability cycled non re cycle materials

Disposal and Materials with the

de };a dation possibility of biological | non-degradable material

& degradation

It is stated before this is an introductory
study for summarizing material
selection guidelines and discussion of its
applicability for Istanbul. A material
selection method should take
account some parameters such as
country’s  standards on building
materials, laws, regulations, available
properties.
selection method

into

information on material
Different material
should be developed according to
building type, available data about
material and expected environmental
performance. The increasing number of
criteria for  material selection
complicates ~ the  decision-making
process. Considering both energy
consumption environmental
impacts from a life cycle perspective
further exacerbates this complexity.
Therefore, it is recommended that future

and
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research focus on developing new
material selection methods and tools
employing optimization and decision-
making techniques. It is anticipated that
methods such as machine learning and
deep learning will be utilized in future
studies to predict environmental
impacts, particularly in long and
complex processes such as the life cycle
of buildings, at the design stage.
Considering material selection from a
life  cycle  perspective
comprehensive and high-quality data.
However, there is limited data on the
energy consumption and environmental
impacts of building materials produced
in Turkey during the production
processes. Consequently, data produced
abroad is often used for material
selection  processes in  Turkey.
Additionally, there are no standards or

requires
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data available for a significant portion of
the material selection criteria identified
in this study. Therefore, many of the
criteria determined within the scope of
the study cannot be implemented in
Turkey in the near future. Nonetheless,
relevant institutions and organizations
continue their efforts to address these
data and standard deficiencies. It is
recommended to develop methods that
provide interim solutions until these
improvements are made, or to use data
from countries with similar conditions to
Turkey for the material selection
process.
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