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Ozet

Agik kanallarda akimin sel rejiminden nehir rejimine gegisi hidrolik sigrama yoluyla miimkiin olmaktadir.
Hidrolik sigramadan genellikle enerji kirici olarak faydalanilabildigi gibi, kanallarda veya akarsu
yataklarinda su seviyesinin yiikseltilmesi, ¢cevri hareketiyle suyun havalandirilmasi gibi farkli amaglar
icin de yararlanilmaktadir. Hidrolik sigramadan faydali bir sekilde faydalanmak icin hidrolik sicrama
ozelliklerinin iyi bilinmesi gerekmektedir. Bu amaca yonelik olarak, arastirmacilar tarafindan literatiirde
farkli deneysel ve sayisal analiz yontemleri gelistirilmistir. Bu ¢alismada, laboratuvar ortaminda bir agik
kanalda meydana gelen kapak alt1 hidrolik sigrama olayina ait temel 6zellikler deneysel ve sayisal yontem
kullanilarak incelenmistir. Bunun igin, Kirikkale Universitesi Insaat Miihendisligi Boliimii Hidrolik
Laboratuvari’nda agik kanal diizenegi kullanilarak bir dizi deneysel ¢aligma gerceklestirilmistir. Kanal
akimida hiz dl¢iimii icin ADVP (Akustik Doppler Hiz Profil Olger) cihazi kullamlmistir. Sayisal
modelleme amaciyla HEC-RAS programindan faydalanilmistir. A¢ik kanalda elde edilen deney sonuglari
ile HEC-RAS programi kullanilarak elde edilen tek boyutlu hidrolik model sonuglari birbirleriyle
karsilastirilmistir.  Yapilan degerlendirmede, deney ve model sonuglari arasinda bazi farkliliklar
bulunmasina ragmen bunlarin genel olarak birbirine benzer oldugu goriilmiistiir. Hidrolik modelden
tahmin edilen hidrolik sigrama 6zelliklerinin (hidrolik sigrama oncesi ve sonrasi akim derinlikleri, sigrama
baslangic mesafesi ve sigrama uzunlugu) deneylerden elde edilen degerlere oldukc¢a yakin oldugu
anlasilmistir. Boylece, HEC-RAS programi kullanilarak kapak alt1 hidrolik si¢grama icin giivenilir
tahminlerin elde edilebilecegi goriilmiistiir.
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Abstract

In open channels, the flow transition from supercritical regime to subcritical regime is possible by hydraulic
jump. Hydraulic jump is generally used as an energy dissipator, as well as for different purposes such as
raising the water level in channels or stream beds, and aeration of the water by circulating movement. Its
properties must be well known to benefit from the hydraulic jump efficiently. For this purpose, different
experimental and numerical analysis methods have been developed by researchers in the literature. In this
study, the basic properties of hydraulic jump downstream of a sluice gate in a laboratory channel were
investigated by experimental and numerical methods. For this, a series of experimental studies were carried
out using the open channel system in Kirikkale University Civil Engineering Department Hydraulics
Laboratory. ADVP (Acoustic Doppler Velocimetry Profiler) device was used to measure the velocity in the
channel flow. The HEC-RAS program was used for numerical modeling. The experimental results obtained
in the open channel and the one-dimensional hydraulic model results obtained using the HEC-RAS program
were compared with each other. In the conducted assessment, despite some differences between the
experimental and model results, it has been observed that they are generally similar to each other. It has been
understood that the hydraulic jump characteristics predicted by the hydraulic model (such as pre- and post-
jump flow depths, jump inception point, and jump length) are remarkably close to the values obtained from
experiments. Thus, it was shown that reliable estimates of hydraulic jump downstream of a sluice gate can
be obtained using the HEC-RAS program.

Keywords: Hydraulic Jump, Open Channel Flow, Velocity Measurement, ADVP, HEC-RAS.

1. GIRIS (Introduction) [5]. Benzer bir ¢alismada, Simsek vd. (2018) bir

dolu savagin mansap bdlgesinde olusan hidrolik
Hidrolik sigrama, etkili bir enerji kirici olarak sigramanin su yiizeyi profillerini ¢esitli akim ve
kullanilmaktadir. Bunun i¢in kullanilacak sistemin yapt kosullarin1 g6z Oniine alarak deneysel ve
tasarmmi asamasinda hidrolik sigrama 6zelliklerinin sayisal olarak incelemistir [6]. Hromadka ve Rao

onceden iyi bilinmesi gerekmektedir. Bu amagla, (2019) farkli sayisal modeller yardimiyla hidrolik
laboratuvar ortaminda genellikle fiziksel modeller sigrama karekteristiklerinin tahmininde, HEC-RAS
iizerinde deneysel incelemeler yapilmaktadir. Bu model sonuclarmin diger modellerden elde edilen
sekilde elde edilen veriler yardimiyla daha etkin sonuglarla karsilagtirilabilir oldugunu tespit etmistir
tasarim ve c¢Oziimlerin belirlenmesi miimkiin [7]. Parmaksiz (2019) Ilaboratuvar ortaminda
olmaktadir [1]. Bunun yaninda, sayisal yontemler degisik akim kosullarinda meydana gelen hidrolik
yardimiyla hidrolik sigramanin  modellenmesi sigrama olayina ait sonuglar1 sayisal yontemlerden

gergeklestirilmektedir. Son yillarda, deneysel ve elde edilen sonuglarla karsilastirmigtir [8]. Glimiis
sayisal yontemleri birlikte kullanarak hidrolik vd. (2019) farkli akim durumlari i¢in olusan hidrolik
sigramanin  Ozelliklerini  inceleyen  degisik sigrama olaymi deneysel olarak incelemis ve sayisal
calismalar gerceklestirilmistir. Bohr vd. (1996) su olarak modelleme i¢in sonlu hacimler ve akigkan
derinliginin kontrol edilebilir oldugu bir ortamda hacimler yontemlerini kullanmistir [9]. Retsiniz ve
dairesel hidrolik sigramalara ait deney sonuglari ile Papanicolau (2020), bir acgik kanalda tipik bir
Navier-Stokes denklemlerinin ¢oziimi ile elde hidrolik sigrama olayini sayisal olarak modellemis

sayisal modelleme sonuglarini karsilastirmigtir [2]. ve sonuglart farkli  Froude sayilart ig¢in
Zhou ve Stansby (1999) laboratuvar ortaminda gerceklestirilen deney sonuglari ile karsilagtirmistir
farkli akim kosullarina ait hidrolik sigrama [10]. Simsek vd. (2021), farkli akim kosullarinda
olaylarini diferansiyel denklemler yardimiyla bir, kayar kapak mansabinda olusan batmis hidrolik
iki ve li¢ boyutlu olarak modellemis ve sonuglari sigcrama olaymin sayisal modellemesine ait

birbiriyle karsilagtirmistir [3]. Giimiis vd. (2013) sonuglart sunmustur [11]. Ates (2022), laboratuvar
degisik Froude sayilarma sahip batmis hidrolik ortaminda kapak alti mansabinda olusan hidrolik
sigrama i¢in su yiizii profillerini deneysel ve sayisal sigrama olayin1 deneysel ve sayisal yontemler ile
yontemlerle belirlemistir [4]. Sathe vd. (2018) farkli incelemis ve sonuglari birbirleriyle karsilagtirmistir
akim kosullar1 igin bir baraj dolu savaginda olusan [12]. Daneshfaraz vd.(2022), yaptiklar1 ¢alismada
hidrolik  sicrama  olaymn1  deneysel olarak hidrolik sigramanin olustugu yerlerde eliptik
inceledikten sonra HEC-RAS  programinda kesitlerin kullanilmasmnin bu  siiregteki enerji
modelleyerek sonuglart birbiriyle karsilagtirmistir dagilimini nasil etkileyebilecegini arastirmaktadir.
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Teorik olarak, eliptik bir kesitin hidrolik
sigramadaki performansi incelenmis ve sayisal
analizlerle bu kesitin enerji dagilimi {izerindeki
etkisi degerlendirilmistir. Bu analizler, belirli bir
akis rejimi ve eliptik kesitin boyutlar1 altinda enerji
dagilimi iizerindeki etkileri ortaya koymay1
amaglamaktadir [13]. Daneshfaraz vd. (2022), farkl
acikliklara sahip su tahliye kapaklarmin akisinda
hidrolik parametrelerin deneysel olarak
incelenmesini konu alan bu makalede su tahliye
kapaklar1 genellikle suyun kontrol edilmesi ve
yonlendirilmesi i¢in kullanilir. Bu c¢alisma,
kapaklarin ~ farkli  agikliklarinda  akigkanin
davranigini anlamak ve belirli hidrolik parametreleri
Olcerek analiz etmek amaciyla deneysel bir
arastirma igermektedir. Farklir agiklikli kapaklarda
suyun akis hizi, basing dagilimi, enerji kaybi ve
benzeri hidrolik parametreler incelenmis ve
karsilagtirtlmistir [14].

Bu calismada, laboratuvar ortaminda bir agik
kanalda kapak alt1 hidrolik sigramanin &zellikleri
deneysel ve sayisal yontemlerle incelenmistir. Bu
calismanin amaci, kapak altt hidrolik sigramanin
farkli akimlarda deneysel ve sayisal olarak
incelenip, Ol¢lim metotlarinin  giivenilirligini
Olemek ve hidrolik sigramanin karakteristiklerinin
farkli akimlarda ve farkli Olglim yoOntemlerine
ragmen c¢ok benzer ya da yiiksek giivenilirlik
Olceginde sonuglar vermesidir. Bunun igin,
deneysel calismalar Kirikkale Universitesi Insaat
Miihendisligi Boliimii Hidrolik Laboratuvari’nda
bulunan acik kanal sisteminde gergeklestirilmistir.
Daha sonra, burada elde edilen deneysel sonuglar

HEC-RAS ile elde edilen hidrolik modelleme
sonuclart ile karsilastirlarak degerlendirmeler
yapilmstir.

2. MATERYAL VE YONTEM (Materials and

Methods)

2.1. Aak Kanal Sistemi (Open Channel
System)

Bu c¢alisma kapsaminda gerceklestirilen deneysel
calismalar icin Kirikkale Universitesi Insaat
Miihendisligi Boliimii Hidrolik Laboratuvari’nda
bulunan agik kanal sistemi kullanilmistir (Sekil 1-
2). Burada goriildigii gibi, agik kanalin tabami ve
yan duvarlar1 cam olup genisligi 0,30 m, ytiksekligi
0,5 m ve uzunlugu ise 5 m dir. Deney esnasinda
devridaim eden suyu depolamak igin kullanilan
deponun maksimum kapasitesi yaklasik olarak 5
tondur. Depo igerisindeki dalgi¢c pompa 7 kW’lik bir

giice sahiptir. Kanala su iletmek i¢in kullanilan
basma borusunun (Boru 1) ¢apt 7 cm, kanali
bosaltmak i¢in kullanilan tahliye borularinin (Boru
2 ve Boru 3) caplari ise sirasiyla 7 cm ve 30 cm dir.
Borularn tizerindeki vanalar yardimiyla debi ayar1
yapilmaktadir. Kanal girig tanki yardimiyla akimin
dalga ve tiirbiilans etkisi soniimlenmektedir. Agik
kanaldan akan su, kanal ¢ikis tankinin ucuna monte
edilen 50 cm genisliginde ve 29,5 cm
yiiksekligindeki keskin kenarli savaktan akarak su
deposuna geri donmektedir. Burada, kanaldan
gecen debinin hesabinda kullanilmak amaciyla
savak yiikiiniin Olgimii i¢in limnimetre ve
piyezometre kullanilmaktadir.

Bu calisma kapsaminda, acik kanalin bas kismina
monte edilen diisey yonlii kayar kapak altindan
gecen farkli debilerde meydana gelen hidrolik
sicrama olaylar1 g6z Oniine alinmistir. Kanal
tabanindan itibaren 2 cm yiiksekligindeki kapak
acikligindan gegen akimlarin  kapak Oniinde

olusturduklar1 hidrolik sigramalara ait temel
karakteristik degerler Olciimler yoluyla
belirlenmistir.
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Sekil 2. A¢ik kanal sisteminin sematik plan goriiniimii.

Ates, H., Yildiz, O., ORCID: 0000-0003-4530-8677, ORCID: 0000-0002-5544-101X, Turkish Journal of Hydraulics: Kapak Alt: Hidrolik
Sigramanin Deneysel ve Sayisal Yontemlerle Incelenmesi, Vol :7 , Number : 2, Page : 01-14 (2023)

3


https://orcid.org/0000-0003-4530-8677
https://orcid.org/0000-0003-4530-8677
https://orcid.org/0000-0002-5544-101X
https://orcid.org/0000-0002-5544-101X

Tiirk Hidrolik Dergisi / Turkish Journal of Hydraulic

2.2. Akim Hizinin Belirlenmesi
(Determination of Current Velocity)

Acik kanaldan gecen akim hizinin dlgiilmesi igin
Vectrino II Tip markali bir Akustik Doppler Hiz
Profil Olger (ADVP) kullamlmistir. ADVP, Akustik
Doppler prensibine dayanan yiiksek teknolojiye
sahip X, Y ve Z dogrultusunda akimin degisik
Ozelliklerini (taban, hiz, SNR vb.) Olcen ses
frekanslar1 teknolojisinin  kullamildigr  bir hiz
Olcerdir (Sekil 3).

Goriig Yonii
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Sekil 3. Akim hizi 6l¢iimii i¢in kullanilan Akustik
Doppler Hiz Profil Olger cihazi [15].

Bu c¢alismada kullanilan ADVP’nin ¢alisma
prensibine goére, merkez transdiisérden kanal
tabanina dogru bir sinyal iletilir ve bu sinyal sudaki
kiictik partikiillere carpip bir yansimayla ADVP’nin
4 ayagna frekans dalgasi olarak geri doner (Sekil
4). Daha sonra, 6zel bir yazilim sayesinde akimla
ilgili 6nemli bilgiler buradan elde edilir.

Acik Kanal

Sekil 4. A¢ik kanalda ADVP ile yapilan hiz 6l¢iimiine
ait bir goriintii.

ADVP ile hiz 6l¢iimii esnasinda elde edilen bir
ekran gorlntisii Sekil 5’te verilmistir. Burada
gorlildiigli lizere akim karakteristikleri ile ilgili
bilgiler oldukca detayli bir sekilde ve anlik olarak
elde edilmektedir.

ADVP yardimiyla hiz Olglimleri noktasal ve
hiicresel hiz 6lgiimii seklinde gerceklesmektedir.
Noktasal hiz 6l¢iimii icin ADVP’nin bulundugu
konumdan 50 mm altinda bulunan noktada hiz
Olciimii yapilir. Hiicresel hiz Ol¢iimii igin ise
ADVP’nin bulundugu konumdan 40 ve 70 mm
arasindaki noktalardan 1, 2, 3 ve 4 mm araliklarla
hiz 6lgiimii yapilir. ADVP ile elde edilen hiz
Ol¢iimleri MATLAB programinda 6zel bir yazilimla
islenerek sayisal degerler elde edilmistir.
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Sekil 5. ADVP ile hiz 6l¢limii esnasinda elde edilen
bir ekran goriintisii.

ez B

2.3. Hidrolik Sicrama (Hydraulik Jump)

Hidrolik si¢grama, akimin sel rejiminden nehir
rejimine gegisini saglayan ani bir sigrama olay1
olarak tanimlanmaktadir. Bu olay esnasinda akig
Ozelliklerine gore toplam enerjinin belirli bir
oraninda bir enerji kaybi olusur. Boylelikle, ¢ogu
zaman akis halindeki suyun ¢gevreye zara vermesine
engel olunur.

/

l

b EE
hk

Fi=Fy }

Sekil 6. Hidrolik sigrama esansinda akim derinliginin
(y) 0zgiil enerji (E) ve 6zgiil kuvvet (F) ile degisimi
[16].

Hidrolik sicrama esnasinda akim derinliginin 6zgiil
enerji ve 6zgiil kuvvet ile degisimi Sekil 6’da ayr
ayr1 verilmistir. Sekilde goriildiigli gibi, sigrama
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oncesi yl seviyesindeki akim derinligi sigrama
sonrasinda bir miktar artarak y2 olmustur. Hidrolik
sigrama Oncesi E1 0zgiil enerji degeri hk kadar
azalarak sigrama sonrasinda E2 olmustur. Diger
taraftan, hidrolik sigrama Oncesi ve sonrasi 6zgiil
kuvvet degerleri ise ayni kalmistir (F1=F2).

Sayet hidrolik sigrama esnasinda kaybolacak enerji
(hy) biliniyorsa Sekil 6 tizerinde (1) ve (2) nolu
kesitleri arasinda Esitlik (1) ile verilen enerji
denklemi yazilarak hidrolik sigrama o6zellikleri
(6zgiil enerji, akim derinligi, akim hizi, Froude
sayisi) elde edilir.
E; = E; + hy (D
Burada E; degeri (1) nolu kesitteki 6zgiil enerji
yiiksekligini, E, degeri ise (2) nolu kesitteki 6zgiil
enerji yiiksekligini gostermektedir.

Hidrolik sigrama olayinin hidrodinamik yapisi
genellikle yatay tabanli kanallar g6z Oniinen
almarak incelenmistir. Hidrolik sigramanin mansap
yoniindeki akim sartlari, memba kismindaki akim
sartlarinin  yardimiyla momentum ve siireklilik
denklemleri kullanilarak elde edilmektedir. Sayet
hy, degeri bilinmiyorsa, hidrolik sigrama
probleminin ¢6ziimiinde momentum prensibi
uygulanir. Buna gore, dikdortgen en kesitli bir agik
kanalda memba ve mansap su yiikseklikleri
(strastyla y4 ve y,) arasinda Esitlik (2)’de verilen
baginti elde edilir.

2 2 2
v, i, 24
2 4 gy

1
;'—i= E( /1+8F31—1>

Burada, q ag¢ik kanalin birim genisliginden gecen
akim debisini, F.; hidrolik sicrama Oncesiy;
derinliginde akimimn Froude sayisini (Frl =
Vi/\g 1 ), V; hidrolik sigrama &ncesi y;
derinligindeki ortalama akim hizim1 ve g ise
yer¢ekimi ivmesini temsil etmektedir.

YZ =

veya

(2)

Dikdortgen en kesitli kanallarda yiizeysel sigrama
esnasinda olusan enerji kayb1 Esitlik (3) ile tahmin
edilmektedir [17].

(y2 — Y1)3

hk -
4y1 Y2

(3)

Hidrolik sigrama olay1 esnasinda enerji kaybinin
nispeten fazla olmasi hidrolik sigramanin iyi bir enerji
kirict olarak gorev yaptigm gosterir. Hidrolik
sicrama uzunlugunun belirlenmesi birgok acidan
onem tagimaktadir. Ornegin, bir baraj dolu savaginda
diislim yatagimin tasarimi igin hidrolik sigramanin
olusacagi mesafenin bilinmesi  gerekmektedir.
Hidrolik sigrama uzunlugunun tahmin edilmesinde
literatiirde degisik ampirik bagintilar bulunmaktadir.
Dikdortgen en kesitli kanallar i¢in yaygin olarak
kullanilan baginti Esitlik (4) ile verilmistir [17].
Burada, hidrolik sigrama  uzunlugunun (L)
belirlenmesi i¢in hidrolik sicrama Oncesi akim
derinligi ve Froude sayis1 géz oniine alinmistir.

L
- =9,75(F;, — 1)+ (4)
Y1

Hidrolik sigrama, genellikle Froude sayisinin

degerine bagli olarak cesitli formlar seklinde
adlandirilmaktadir (Sekil 7). Burada goriildiigi gibi,
hidrolik sigrama oncesi sel rejimli akimin Froude
sayist biiylidiikce sigrama olaymin siddeti ile bu
esnada olusan enerji kaybi artmaktadir. Mesela,
‘kuvvetli sigrama’ esnasinda (Fr > 9) olusan enerji
kaybinin (hk) sicrama oncesi 6zgiil enerjiye (E1)
orant % 65-85 arasinda degismektedir.

(@) Ondiler sigrama: Fr=1-1.7
Enerji kaybi: h/Ei=% 0-3

Zayyf  sigrama:
Enerji kaybi: ho/Ei=% 518

(c) Dalgalt sigrama: Fri=2.5-4.5
Enerji kaybi: hi/E,=% 18-45

(d) Duazenli sigrama: Fri=4.5-9
Enerji kaybi: h/Ei=% 45-65

() Kmvverli sigrama:  Fry>9
Enerji kaybi: ho/E =% 65

Chy : sigrama Gncesi derinlik . h, : sigrama sonras: derinlik . I - kritik derinlik)
Sekil 7. Froude sayisina bagl olarak adlandirilan
hidrolik sigrama olaylar1 [18].

Bu calisma kapsaminda Kirikkale Universitesi
Insaat Miihendisligi Hidrolik Laboratuvari’nda
incelenen tipik bir hidrolik sigrama olayma ait
goriintli Sekil 8°de verilmistir. Burada, agik kanalin
mansap u¢ noktasinda bulunan hareketli kapak
yardimiyla mansap su seviyesi ayarlanarak hidrolik
sigrama olusmasi saglanmistir. Seklide goriildiigi
gibi, kanal igerisinde nispeten s1g bir derinlikteki su
akimin derinliginde hidrolik sigrama sonrasinda ani
bir artis meydana gelmistir. Bu esnada olusan
tirbiilans etkisi dolayisiyla akimin enerjisinde kayip
meydana gelmektedir (Sekil 9).
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Sekil 8. Laboratuvar ortaminda gozlenen tipik bir hidrolik
sigrama olay1.

Sekil 9. Tipik bir hidrolik sigrama olay1 esnasinda
gozlenen tlirbiilans.

Bu calismada, laboratuvar ortaminda
gergeklestirilen hidrolik sigrama deneylerinde,
hidrolik sigrama oncesi ve sonrasi akim derinlikleri
(y1 vey,), hidrolik sigramanin kapaktan itibaren
baslangic mesafesi (Lp) ve hidrolik sigrama
uzunlugu (L;) degerleri gelik serit metre, limnimetre
ve cetvel yardimiyla Olglilmistiir. Ayrica, agik
kanalin sonunda bulunan keskin kenarli savak
tizerindeki akim yiiksekligi (savak yiikii) Slglim
yoluyla tespit edilmistir. Burada olgiilen
biiyiikliiklerin tutarliligini kontrol etmek i¢cin ADVP
ile elde edilen akim hizi degerleri kullanmilmistir.
Bunun i¢in oncelikle Esitlik (2) ile verilen ardisik
sicrama derinligi bagmtisindan sigrama Oncesi
Froude sayisi (F.;) hesaplanmistir. Daha sonra,
dikdortgen en kesitli kanal icin Froude sayisi
ifadesinden hidrolik sigrama Oncesi ortalama akim
hizi (V1) elde edilmistir. Hesaplanan bu deger
ADVP yardimiyla Olgiilen hiz degeri ile
karsilastirilmastir. Yapilan degerlendirme
sonucunda, hesaplanan ve Slgiilen hiz degerlerinin
genellikle birbirine yakin oldugu tespit edilmistir.

2.4. HEC-RAS ile Hidrolik Modelleme
(Hydraulic Modeling with HEC-RAS)

HEC-RAS (Hydrologic Engineering Centers River
Analysis System) bir veya iki boyutlu akimlarin
hidrolik modellemesinde yaygin olarak kullanilan
bir yazilimdir. HEC-RAS programi yardimiyla
kararli ve kararsiz akimlarin su yiizeyi profili
hesaplar1 yapilmaktadir. Ayrica, smir sartlar
degisen akim durumlarinda sediment taginimi ve su
kalitesi analizi gerceklestirilmektedir. Kararli akim
durumunda sel ve nehir rejimleri ig¢in bir boyutlu
enerji denklemi kullanilmaktadir. Enerji kaybinin
belirlenmesinde kanal daralma/genisleme
katsayilar1 ile Manning piiriizliilik katsayisina
ihtiya¢ duyulmaktadir. Diger taraftan, akim
rejiminin ani degistigi durumlarda (6rn: hidrolik
sicrama) bir boyutlu momentum denklemi
kullanilmaktadir [19]. Bu c¢aligma kapsaminda
kararli akim sartlarinda modelleme yapildig1 i¢in
HEC-RAS programut ile ilgili sadece kararli akim
sartlar1 i¢in 6zet bilgiler verilmistir.

HEC-RAS programinda kararli akim durumu igin
modellemede goz Oniine alman akarsu kesitinin
fiziksel oOzelliklerinin ve akim parametrelerinin
bilinmesi gerekir. Akarsu Kkesitine ait fiziksel
ozelliklerin tanimlanmasi i¢in geometrik veri girig
modiilii, akim 6zelliklerinin tanimlanmasi igin ise
kararli akim veri giris modiilii kullanilir. Geometrik
veri modilii ile akarsuyun boyuna kesiti, enkesit
ozellikleri ile birlikte yiizey piirtizlilik katsayisi,
daralma ve genisleme katsayis ile hidrolik yapilara
ait geometrik bilgiler tanimlanir. Sekil 10’da HEC-
RAS geometrik veri giris penceresi i¢in 6rnek bir
gosterim sunulmustur.

“ Geometric Data - tezproje - o X
File Edit Options View Tables Tools GIS Tools Help

Toots [ River [Gtorz Purp i '7
mmmj“; g.w RS .DW [oed Pl W et ot Pl [rone)

et B
LU |

ae brgetiretrer Piae 1972

user entered XS — Non Geo.

=]

14235, 08367

Sekil 10. HEC-RAS geometrik veri giris penceresi igin
ornek bir gosterim
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Karali akim modiilii kullanilarak akim debisi ile
memba ve mansap en kesitleri i¢in dort fakli sinir
kosulundan (bilinen su yiiksekligi, kritik derinlik,
iiniform akim derinligi ve anahtar egrisi) uygun
olani tanimlanir. Programda tek seferde 25.000 adet
farkli debi degeri i¢in modelleme imkant =
bulunmaktadir (Sekil 11). HEC-RAS programi sel :
ve nehir rejimlerine ilave olarak karisik rejim igin
de hesap yapabilir. Nehir rejiminde hesap yonii
mansaptan membaya dogru, sel rejiminde ise
membadan mansap yoniine dogru oldugundan sinir
sartlarmin  dogru  tamimlanmasi  6nemlidir.

. ~~na.6o0oacom et 20 4V s

Sekil 13. Kayar kapagin bulundugu konumda

Modelleme yapilan akarsu kesitinde akim sartlari dikdortgen en kesite sahip menfez tanimlanmasi.
onceden bilinmiyorsa en uygun se¢im olarak karigik

rejim analizi se¢ilmelidir. Hidrolik modellemede, agik kanalin taban egimi
0,001 olarak alinmistir. Manning piirtizliliik
¥ Sad o D R e - katsay1s1 gozlenen degerler kullanilarak kalibrasyon
Ei;::i;::zmmm F i S yardimiyla  yaklasik  olarak 0,005 olarak
S —— hesaplanmistir. 5 metrelik kanal boyunca 20 cm
e [altad 3] Adduigl.. aralikla enterpolasyon yapilarak yeterli sayida en
Reack i =] Rivrsia |2 =] AddA Fon Chenge Locaion kesit tamimlanmistir.  Modellemede = ADVP
Fion Change Locaion ol Nnes and Flow aes yardimiyla elde edilen akim debileri kararli akim
Em o JE R verisi olarak girilmisti. Memba ve mansap

bolgesinde smir kosullari bilinen su yiiksekligi
olarak tanimlanmistir. Kararli akim analizi
kapsaminda akim rejimi karisik (mixed) tip olarak
[Gie Dparigs 1 secilmistir (Sekil 14-15).

Sekil 11. HEC-RAS Kkararli akim veri giris penceresi.

File Options Helf
Erter/Edit Number of Profiles (25000 max) [T [[Assch Boundaw Condiions | _ Apply Data |

Bu calismada, laboratuvar ortaminda kapak alti

Locations of Flow Data Changoes

River: [acikkanal <]

hidrolik sigrama sirasinda elde edilen deneysel = S ewacsai[2

sonuglar, HEC-RAS programu ile elde edilen model [ — | —

sonuglart ile karsilastirlmistir.  Ag¢ik  kanal R e i R R T
icerisinde gerceklesen hidrolik sigrama olay1 HEC- = | g |

RAS ile menfez akimi olarak modellenmistir. Bu
amagla, geometrik veri modiilinde ac¢ik kanalin
memba kismma 30 cm genisliginde ve 2 cm

yiiksekliginde dikdortgen en kesitli bir menfez e o sccept data chanoes
tanimlanmistir (Sekli 12-13). Sekil 14. Kararli akim verisi igin siir kosullarinin
tanimlanmasi.

| ] Py ] 8] ko5 oo o J
=148 lezeney tensme P Pan 01 142022 * e -
i

Scielole it ok

g 00 n 2
suaier

[k St v il . .
= ~= .Comecom W wae 3T

Sekil 12. Geometr.ik.ver.i modiilii ile kanal en kesitine ait Sekil 15. Kararli akim analizi icin model ¢aligtirma
bilgilerin tanimlanmasi. ekrani.
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3. ARASTIRMA BULGULARI ve &
TARTISMA (Research Findings and .

Discussion) .
3.1. ADVP ile Olciilen Akim Hiz1 ve Debinin  §° }
Hesab1 (Calculation of Current Rate and < 15 %
Flow Measured with ADVP) ',.

'.

Acik kanal icerisinde belli bir noktaya sabitlenen -'.,

ADVP ile akim igerisinde diisey yonde noktasal hiz
Olciimleri elde edilmistir (Sekil 16-18). Burada 3 farkli
akim derinligi i¢cin hiz Sl¢limleri gerceklestirilmistir
(Tablo 1). Burada goriildigii gibi, akim derinligi
azaldikca ortalama akim hizi artmaktadir. Kanal 0

tabanina yakin noktalarda oOlgiillen hiz degerleri .
nispeten kiicliktlir. Tabandan uzak noktalarda 6lgiilen s .
hizlarin bir ortalama etrafinda nispeten az bir sagilim

Hiz (m/s)

Sekil 16. ADVP ile alinan noktasal hiz 6l¢iimleri
grafigi (Durum 1).

gosterdigi  goriilmektedir. Derinlik artttkga hizin B .
azalmamasinin sebebi, ADVP cihazinin belirli frekans < . .
araligindaki hizlarin Olglimii  esnasinda cevresel } ¢

kosullardan etkilenmesidir. ADVP yardimiyla 6lgiilen
noktasal hiz degerleri ile ilk 6nce ortalama akim hizi 0
bulunduktan sonra akim debileri hesap edilmistir.
Burada, akim yiiksekligi h olmak {izere kanal

0 0,05 01 0,15 0,2 0,25 03 035 04
Hiz (m/s)
Sekil 17. ADVP ile alinan noktasal hiz 6l¢iimleri grafigi

tabanindan 0,2h ve 0,8h seviyelerinde okunan hizlarin (Durum 2).
aritmetik ortalamalar1 alinarak kesit ortalama hiz degeri 10
elde edilmistir. Daha sonra, akis kesit alani ile ortalama *
hizin ¢arpimi sonucunda akim debisi hesap edilmistir. ' ",
Buna gore, 3 farkli akim durumuna ait ortalama hiz ve -6 .
debi degerleri Tablo 1’de sunulmustur. % ) ",
Tablo 1. ADVP ile 6lgiilen hiz degerleri : .
kullanilarak hesaplanan akim debileri. 0 )
Akim Dl;li(rllrllilgi Voo Vogn  Vort Q H(m
Durumu hicm) (m/s) (mis) (mfs) (Its) Sekil 18. ADVP ile alinan noktasal hiz dlgiimleri
Durum1 380 0,131 0,127 0,129 14,73 erafigi (Durum 3).

Durum 2 11,6 0,272 0,274 0,273 9,50

Durum 3 9.0 0277 0298 0288 7.77  gikkatli bir sekilde ayarlanmistir. Deneyler esnasinda

Olciimler  yoluyla tespit edilen hidrolik sicramaya
ait temel parametreler Tablo 2’de verilmistir.

3.2. Hidrolik Sicrama Deney Sonuclar

(Hydraulic Jump Test Results) Bu ¢alismada g6z oniine alinan 3 ayr1 duruma ait

} _ hidrolik sigrama sonrast olusan su yiizeyi
Bu ¢aligma kapsaminda, Kirikkale Universitesi Insaat  profillerine  ait  goriintiiler ~ Sekil ~ 19-21°de

MuhendlShgl Bolumi Hidrolik Laboratuvari’nda 3 gorulmektedlr Burada’ akim debisinin
farkli akim durumu i¢in kapak alt1 hidrolik sigrama  degismesiyle  birlikte  hidrolik  sigramanin
deneyleri gergeklestirilmistir. Bu amagla, 2 cm  gzelliklerinin degistigi agik¢a goriilmektedir.
yiksekliginde kapak agikligindan gegen su akimiagik  Ayrica, her 3 durumda tipik bir hidrolik sigrama
kanal igerisinde hidrolik sigramaya maruz kalmistir.  olayinda gozlenen ani sigrama, cevri hareketi,
Hidrolik sigrama olusturmak igin, cam kanalin  giddetli tiirbiilans, hava girisi, hava baloncugu ve
sonunda bulunan kayar kapak ile mansap su derinligi  kgpiik olusumu olaylar1 gerceklesmistir.

Ates, H., Yildiz, O., ORCID: 0000-0003-4530-8677, ORCID: 0000-0002-5544-101X, Turkish Journal of Hydraulics: Kapak Alt: Hidrolik
Sigramanin Deneysel ve Sayisal Yontemlerle Incelenmesi, Vol :7 , Number : 2, Page : 01-14 (2023)

8


https://orcid.org/0000-0003-4530-8677
https://orcid.org/0000-0003-4530-8677
https://orcid.org/0000-0002-5544-101X
https://orcid.org/0000-0002-5544-101X

Tiirk Hidrolik Dergisi / Turkish Journal of Hydraulic

Tablo 2. Laboratuvar deneylerinde 6lgiilen
temel hidrolik sigrama parametreleri.

Sembol Parametre Tanimi

Hidrolik sigrama 6ncesi akim
Y1 s ews

derinligi

Hidrolik sigrama sonrasi akim
Y, e

derinligi

Hidrolik sigramanin kapaktan
Lo -, .

itibaren baslangic mesafesi
Li Hidrolik sigrama uzunlugu

Deney baglangicinda kapak altindan sel rejiminde
ilerleyen su akimi bir miiddet sonra olusan hidrolik
sigrama sebebiyle nehir rejimine gegmistir. Hidrolik
sigrama sebebiyle her 3 durum icin sigrama dncesi
ve sonrasinda akim hizlarinda ve derinliklerinde
degisimler

gozle gOriiniir
gelmistir.

sekilde meydana

Sekil 19. Durum 1 i¢in gézlenen hidrolik sigrama
sonrasi su yiizeyi profili goriintiisii.

Sekil 20. Durum 2 i¢in gozlenen hidrolik sigrama
sonrast su yiizeyi profili goriintii

Vi W
Sekil 21. Durum 3 i¢in g6zlenen hidrolik sigrama
sonrast su yiizeyi profili goriint

Laboratuvar deneylerinde 3 farkli durum i¢in elde
edilen Olgiim sonuglari Tablo 3-5 iizerinde
goriilmektedir. Burada gorildigi {izere, akim
debisinin degismesi ile hidrolik sigramanin
ozellikleri de degismektedir. Dolayisiyla, akim
debisinin azalmasiyla hidrolik sigrama Oncesi ve
sonrast akim derinlikleri (yq vey,), si¢crama
baslangi¢ mesafesi (Ly,), ve sigrama uzunlugu (L)
degerlerinin azaldig1 hemen goze ¢carpmaktadir.

Tablo 3. Durum 1 igin elde edilen deney
sonuglar (Q:=14,73 It/s).

y1 (cm) 2,4
y, (cm) 14,0
Ly, (cm) 373,0
L (cm) 62,0

Tablo 4. Durum 2 igin elde edilen deney
sonuglari (Q2=9,50 It/s).

y1 (cm) 1,7

y, (cm) 11,62
Ly, (cm) 246,0
L (cm) 55,0

Tablo 5. Durum 3 igin elde edilen deney
sonuglar1 (Q3=7,77 It/s).

y1 (cm) 1,4
y, (cm) 8,72
Ly (cm) 125,0
L; (cm) 48,0
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3.3. HEC-RAS ile Hidrolik Sigrama Modelleme Froude sayisindan anlagilmaktadir (sigrama dncesi
Sonuglar: (Hydraulic Jump Modeling Results 1.0’dan biiyiik olan Froude sayisi, sigrama sonrasi

with HEC-RAS)

HEC-RAS ile elde edilen hidrolik model sonuglari
3 ayn durum i¢in ayn ayrt degerlendirilmistir.
Hidrolik modellemede her bir durum i¢in gerekli
kararlt akim debisi olarak ADVP yardimiyla elde
edilen debi degeri alinmistir (Q1=14,73 1t/s,
Q2=9,50 It/s ve Q3=7,77 It/s). Burada ilk olarak,
hidrolik si¢crama sonucu elde edilen su yiizeyi
profilleri Sekil 22-24’de sunulmustur (akis yonii
sagdan sola dogrudur). Sekiller iizerinde akimin
enerji cizgisi, kritik akim derinligi ile kapak ve
hidrolik sigramanin konumu gosterilmistir. Burada,
akimin debisi degistik¢e su yiizeyi profillerindeki
degisimler hemen fark edilmektedir. Hidrolik
sigrama Oncesi kanal boyunca siirtinmeden dolay1
enerjinin tedrici olarak, hidrolik sigrama esnasinda
ise aniden azaldig1 kolayca goriilmektedir. Buradaki
hidrolik modelleme sonuclarinin deneysel yolla
elde edilen sonuglarla benzerlik gosterdigi tespit
edilmistir. Deneysel sonuglara benzer sekilde, akim
debisi azaldikca hidrolik si¢rama éncesi ve sonrasi
akim derinlikleri (y; ve y,), sigrama baslangic
mesafesi (Ly) ve sigrama uzunlugu (L;j) degZerleri
azalmaktadir.

06! Durum 1
E
= pa Enerji Cizgisi
=
£ w
o g
(=) o
£
=
- 0.2

Hidrolik Kritik Derinlik
Sigrama

0 1 2 3 4

Kanal Tabani (m)

Sekil 22. Durum 1 i¢in HEC-RAS ile elde edilen
hidrolik sigrama sonrasi su yiizeyi profili.

HEC-RAS ile elde edilen hidrolik modelleme
sonuclart detayli sekilde tablolarda sunulmustur
(Sekil 25-27). Burada, kanal kesit bilgileri (River
Sta), kararli akim debisi (Q Total), kanal kesiti su
yiizeyi kotu (W.S. Elev), kritik su yiizeyi kotu (Crit
W.S.), enerji ¢izgisi kotu (E.G. Elev), enerji ¢izgisi
egimi (E.G. Slope), ortalama akim hizi (Vel Chnl),
akig alan1 (Flow Area), iist genislik (Top Width) ve
Froude sayis1 (Froude # Chl) degerleri verilmistir.
Ayrica, hidrolik sigcramanin hangi kesitte basladig

1.0’dan kiigiik bir deger almaktadir). Hidrolik
sicramanin memba ve mansabinda hiz, akis alani ve
enerji ¢izgisi egiminde meydana gelen ani degisim
sayisal olarak burada goriilmektedir.

06" Durum 2

04l
Enerji Gizgisi ‘

Alaim Derinligi (m)
Kapak

02

Hidrolik

Kritik Derinlik
Sigrama - - - .

DDD 1 Fl 3 a

Kanal Tabani {m)

Sekil 23. Durum 2 i¢in HEC-RAS ile elde edilen
hidrolik sigrama sonrasi su yiizeyi profili.

06/ Durum 3
E 04 .
: m
0 o
E o
£ '
@
< |
. |
£ o2 Enerji Cizgisi
<
Hidrolik »  Kritik Derinlik
Sigrama’ - l
o e
o 1 2 3 .
Kanal Tabani (m)

Sekil 24. Durum 3 i¢in HEC-RAS ile elde edilen
hidrolik sigrama sonrasi su ylizeyi profili.

Tablo 6. Deneysel ve HEC-RAS modeli ile elde
edilen hidrolik sigrama parametreleri

;'llillll - - L L
Yint yi b i b
Durumu " (¢m) (cm) (cm) (cm)
Deney 240 1400 620 3730
Durum 1 HEC-

BAS 216 1400 580 3000

Deney 1,70 1162 550 2460
Durum 2 HEC-

135 1162 450 190.0

EAS

Deney 140 872 480 1250
Durum 3 HEC- _ - " -

RAS 150 872 440 1050

Bu ¢alismada goz oniine alinan her 3 durum igin
deneyler esnasinda olgiilen ve HEC-RAS ile elde
edilen hidrolik sigrama parametreleri Tablo 6’da
karsilastirmali olarak verilmistir.
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Burada, deneysel ve sayisal yontemlerle elde
edilen degerlerin genel olarak birbirine yakin
oldugu anlagilmaktadir. Hidrolik sigrama oncesi
akim derinlikleri arasinda %7 ile %26 arasinda
degisen oranlarda fark bulunmaktadir. Hidrolik

sigrama uzunluklar1 arasinda yine buna benzer
oranlarda fark oldugu tespit edilmistir. Hidrolik
sigrama baslangic mesafeleri arasinda ise %20-
%30 civarinda fark oldugu anlasilmaktadir.

HELC-RAS Plan: Plan 01 River: acikkanal Reach: 1 Profile: PF 1 Ht- R ELE

Reach  [River Sta | Profile O Total | MinChEl|'W.5. Elev| Crt*.5. | E.G. Elev[E.G. Slope| el Chnl | Flow Area| Top Width| Froude # Chi
[m3/s] (] (] (m] (] (] (ms) [mZ] (]

1 2 PF1 001473 000 0456350 00B161 045634 0000005 010762 0713887 0.23392 0.0509
1 1.97 Culvert
1 14 PF1 001473 000 0702 0081681 044116 0054863 288533 000811 029392 7.0535
1 1.96666" | PF 1 00473 000 07400 0D0E161 0423400 0051163 282302 000822 029992 68319
1 1.83337% |PF1 001473 000 0my7| 00E161 040881 0047733 276343 000833 023392 E.E1E7
1 1.9 PF1 00473 000 0mels) 00E161 039135 0044727 270660 000544 0.29992 B.4136
1 1.766EE* | PF 1 001473 000 0mes2l 008181 037633 00419356 265242 000885 0.23392 B.2220
1 173333 |PF 1 001473 000 0oesa) 008161 036345 0039384 260062 000866 029992 E.0409
1 1.7+ PF1 001473 000 00826 008161 036083 0037048 255120 000677 029992 R AES3
1 1.6EEEE* | PF 1 001473 000 0019620 00E161  0.33333 0034904 260382 000828 023392 5. 70ER
1 1.63333* |PF 1 001473 000 00938 008161 032787 0032931 245839 000893 029992 55519
1 1.6 PF1 001473 000 002034 00E161 0317400 0031111 241473 0008100 0.23392 54048
1 156666 | PF 1 00473 000 0020700 QO0B161 030754 0029430 237286 000621 0.29992 52647
1 163333 |PF 1 001473 000 002106 0Q0E161 023323 0027873 233263 00032 0.23392 51311
1 15 PF 1 001473 000 0021260 0D0E161 029313 0027033 231010 000838 029992 50572
1 141666 |PF 1 001473 000 002164) 00B1R1 028403 0025555 226945 (00043 029992 49244
1 1.33333 |PF 1 001473 0000 0714001 Q0E161 014628 00002 035077 004193 023392 02932
1 1.25¢ PF1 001473 000 013994 014626 0000102 035084 0041953 029992 02993
1 1.16EEE* | PF 1 001473 000 013936 014623 0000102 036091 004192 029332 02334
1 1.08333% |PF 1 00473 000 013993 014620 0000102 035098 004197 029992 02995
1 1 PF1 001473 0000 013330) 008161 014618 000002 0351058 004196 023332 02936

Sekil 25. Durum 1 i¢in hidrolik sigrama sonucu elde edilen akim karakteristikleri tablosu.

HEC-RAS Plar: Plan 01 River: acikkanal Reach: 1 Profile: PF 1 (eI
Reach  |River Sta | Profile () Tatal |MinChEl|*%.5. Elev| Cit'w'.S. | E.G. Elev|E.G. Slope| el Chnl | Flow Area| Top Width| Froude # Chi
(m3/s] | [m) (m] [rm) (] (mim] | [mfs] | (m2] (m]
FF1 (1.00950 000 041461 004677 041490 0000002 0076400 012435 029992 003749
3 Culvert
4 FF1 (100350 000 00748 004677 0393923 0051889 275904 000344 029992 82195

JBBERE* | PF1 0.00350 000 0.m174 004677
83333 | PR 0.00350 0.00 0.M200 004677
1.8 FF1 0.00550 0.00 0.M226 004677
1.7EREE" [PF1 0.00350 000 0Mm252 004677
173333 PR 0.00350 000 0.m2m4 004677
1.7 FF1 0.00350 0.00 0.M303 004677
1.EERRE" |PF 1 0.00550 0.00 0.M328 004677
1.63333 PR 0.00330 0.00 0353 004677
16" FF1 0.00350 0.00 011624 004677
1.56666" | PF 1 0.00350 000 011622
153333 PR 0.00350 0.00 011621
13 FF1 0.00550 0.00 011620
1.41666" | PF1 0.00330 0.00 011619
1.33333 PR 0.00350 0.00 011618
125 |PRY 0.00350 0.00 011616
1.16REE" | PF 1 0.00350 0.00 011615
1.08333 |PF1 0.00550 0.00 011674
1 PF1 (.00330 0.00 011613 004677

2
1
1
1
1

| =] =] =] =] =] === === =] =] =] =] =] ===

038247 00432400 269753 000352 023392 79464
036631 0044334 263304 000360 023392 7.6891
0352200 0.0419300 25877 000368 023392 74462
033858 0033197 252386 000376 023392 72169
032508 003675 247712 000383 023392 7.0009
031404 0034452 243073 00030 023392 6.7370
0302% 0032384 233453 000398 023392 £.6041
023257 0030489 234035 000406 0.23392 64214
012002 0000045 027251 003486 023392 0.2551
012000 0000045 027253 003486 023392 0.2552
012000 0000045 027256 003485 023392 0.2552
011933 0000045 027253 003485 023392 0.2552
011933 0000045 027261 003485 023392 0.2553
011936 0000045 027264 003434 023392 0.2553
01193 0000045 027267 003434 023392 0.2554
011334 0000045 027270 003484 023392 0.2554
011993 0000045 027273 003483 023392 0.2554
011932 0.000045 027276 003483 0.23332 0.2555

Sekil 26. Durum 2 i¢in hidrolik sigrama sonucu elde edilen akim karakteristikleri tablosu.
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HEC-RAS Plan: Plan 01 River ackkanal Reach: 1 Profie: PF 1 el Ak
Reach | River Sta | Profie [ Total | Min ChEl|'W.5. Elev| Crit'w' 5. [ EG. Elew|EG. Slope| Vel Chil | Flow drea| Top Width| Froude # Chi

[m3/s] | [m] [m] [m] (] | [mm] | [mfz] | [mé] [m]
1 Z FF 1 0.00777 000 028091 003974 028136 0000005 009222 008425 029992 0.0555
1 197 Culvert
1 19 FF1 000777 000 001408 003974 018645 0028023 183938 000422 029992 49473
1 1.86666° | PF 1 0.00777 000 001433 003974 018081 0.026B05 180770 000430 029992 4.8200
1 1.83333 |PF1 0.00777 000 001458 003374 0175500 0025093 177733 000437 029332 4.6330
1 18 FF 1 000777 000 001482 003974 017051 0023800 174818 000444 029992 4 73
1 1.766E6" | PF 1 0.00777 000 001506 003974 016581 00297 172018 000452 029992 44742
1 1.7333% |PF1 000777 000 008724 003974 00973 0000105 029697 002616 029992 03209
1 1.7 FF 1 000777 ann 0087 Q0371 000005 0259706 002616 029992 03211
1 1.666EG" | PF 1 0.00777 0on 0088 009168 0.000105 029715 002615 029952 0372
1 1.6333% |PF1 000777 0on 008Ae O0ER 0000105 029725 002614 029952 03214
1 16 FF 1 000777 oon 0083 003163 000005 029734 002613 029992 03415
1 1.BBEEE" | PF 1 0.00777 0on 0080 00161 0.000108 029744 002612 029952 0317
1 103333 |PF1 000777 oon 0o8w7 003158 0000108 029753 002611 029992 03419
1 15 FF 1 0.00777 0oo 008704 003156 0.000108 029763 002611 029952 03240
1 141666 | PF 1 0.00777 0on 008vm 009163 0.000M08 029773 0026100 029932 03222
1 1.3333% |PF1 000777 0on 008639 003500 0000108 0259783 002609 029932 03243
1 1.2 |PF1 0.00777 0on 0.086% 003148 0000108 0259793 002608 029992 03245
1 1.166E6° | PF 1 0.00777 0on 008693 009145 0000108 029803 002607 029932 0327
1 1.0833% |PF1 000777 0on 008630 003142 0000108 029813 002606 029932 03228
1 ] FF 1 0.00777 000 008687 003974 0031400 0000108 0.29823 002605 029952 03230

Sekil 27. Durum 3 i¢in hidrolik sigrama sonucu elde edilen akim karakteristikleri tablosu.

Bu bdliimde son olarak, Sekil 28-30°da 3 ayr1 akim Froude sayisinin kapak oOniinde nispeten biiylik
durumu i¢in HEC-RAS ile elde edilen Froude degerlere ulastigi, kanal boyunca birlikte tedrici
sayisinin hidrolik sigrama esnasinda kanal boyunca olarak azaldigi ve hidrolik sigramanin meydana
degisimi verilmektedir. Burada gorildiigii gibi, geldigi sirada ani bir sekilde diistiigii goriilmektedir.
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Sekil 28. Durum 1 igin Froude Say1sinin hidrolik Sekil 29. Froude sayisinin hidrolik sigrama
sicrama esnasinda kanal boyunca degisimi. esnasinda kanal boyunca degisimi.
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Sekil 30. Durum 3 i¢in Froude sayisinin hidrolik
sigrama esnasinda kanal boyunca degisi

SONUCLAR ve DEGERLENDIRME
(Results and Evaluation)

Bu ¢alismada, kararli akim satlar1 altinda kanallarda
olugsan kapak alt1 hidrolik sigramanin o6zellikleri
deneysel ve sayisal yoOntemlerle incelenmistir.
Deneysel calismalar igin Kirikkale Universitesi
Insaat ~ Miihendisligi ~ Bolimii  Hidrolik
Laboratuvari’nda bulunan ag¢ik kanal diizenegi
kullanilmistir. Sayisal modelleme i¢in HEC-RAS
programi kullanilmigtir.

Kapak alt1 hidrolik sigrama deneylerinde acik
kanalin bas kisminda yer alan kayar kapagin altinda
2 cm agiklik birakilmistir. Bu sekilde, bu agikliktan
hizla ilerleyen su akimi agik kanal igerisinde
hidrolik sigramaya maruz kalmistir. Hidrolik
sigrama olusmasi i¢in agik kanalin sonunda bulunan
hareketli kapak ile mansap su seviyesi dikkatli bir
sekilde ayarlanmistir. Laboratuvar deneyleri
esnasinda Olglimler yoluyla belirlenen temel
hidrolik sigrama karakteristikleri (sigrama oncesi ve
sonrast akim derinlikleri, sigrama uzunlugu ve
sigrama baslangi¢ mesafesi) daha sonra HEC-RAS
programinda hidrolik modelleme ile tahmin edilen
sonuglarla karsilastirilmistir.

Hidrolik sigrama deneyleri Oncesinde, agik
kanaldan gecen akim ortalama hizinin ve debisinin
belirlenmesi igin ADVP kullanilmistir. Akim debisi
Olcimii caligmalarin1  miiteakiben farkli akim
durumlar1 i¢in acik kanal igerisinde kapak alti
hidrolik sicrama deneyleri gerceklestirilmistir. Goz
oniine alinan farkli akim durumlan ig¢in, tipik bir
hidrolik sigramaya ait temel 6zellikler (ani sigrama,
cevri hareketi, siddetli tirbiilans, yiizeysel
dalgalanma, hava girisi, hava baloncugu,

kopiiklenme gibi) gézlenmistir. Kapak agikligindan
kanal icerisine dogru sig bir derinlikte hizla
ilerleyen su akim (sel rejiminde) belli bir
mesafeden sonra hidrolik sigrama sebebiyle
derinligi artarak nispeten daha yavas bir hizla (nehir
rejiminde) akisina devam etmistir. Farkli akim
debilerinde  gerceklesen  hidrolik  sigrama
olaylarinda, sigramanin memba ve mansap yoniinde
akim hizlarinda ve derinliklerinde gozle goriiniir
sekilde degisimler ortaya ¢ikmistir.

Laboratuvar calismalar1 ile elde edilen deneysel
bulgular, HEC-RAS programinda kararli akim
durumu igin olusturulan hidrolik modellerden elde
edilen sonuglarla karsilastirilmistir. Burada y1 ve y2
degerleri deney esnasinda hassas  olarak
Olciilmiistiir. Hidrolik sigrama uzunlugu ise; deney
stirasinda akim halindeki suyun hidrolik sigramadan
dolay1 kopiirmesinin duruldugu noktalar arasindaki
mesafe olarak hassasiyetle oOlgiilmistiir. Yapilan
degerlendirmede, deney ve model sonuglar
arasinda bazi farkliliklar bulunmasina ragmen
bunlarin genel olarak birbirine benzer oldugu
goriilmugtiir. Hidrolik modelden tahmin edilen
hidrolik sigrama o6zelliklerinin (hidrolik sigrama
Oncesi ve sonrasi akim derinlikleri, sigrama
baslangic mesafesi ve sigrama  uzunlugu)
deneylerden elde edilen degerlere oldukc¢a yakin
oldugu anlagilmistir. Burada tespit edilen nispeten
diisiik orandaki farklarin deney 6lgiim sartlarina ve
hidrolik modellemede kullanilan parametrelerdeki
belirsizliklere bagh olarak olustugu
diistintilmektedir.

Bu c¢alismada kullanilan deney diizeneginin
nispeten kiiglik 6l¢ekli olmasi (agik kanal boyutlart
ve maksimum akim debisi agisindan) burada
calisilan konuyla ilgili daha genis kapsamli bir
degerlendirme yapmay1 kisitlamaktadir.
Dolayisiyla, bu konuyla ilgili ileri diizeyde deneysel
caligmalar i¢in daha genis Olgekli bir deney
diizenegi ile farkli sayisal yontemlerin beraber arada

kullanilmasinin faydali olacagi tavsiye

edilmektedir.
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Ozet

Basing hidrolik yapilar iizerinde yikict veya yonlendirici etkilere sahiptir. Yikict etkiler genellikle
hareketsiz (6lii) basing bolgelerinde meydana gelirken yonlendirici olanlar1 genelde hareketli (canli) akig
bolgelerinde meydana gelir. Bir baraj yapisinda, gévdeyle temasta olan suyun basinci govde lizerinde yikici
etkilere sahipken, dolusavak, dipsavak, enerji ve derivasyon tiinellerinde yonlendirici etkilere sahiptir.
Suyun hareketli oldugu bolgelerde, yatay ve diisey kesitler hidrolik yapinin plani ile saglikli bir sekilde
saglanabilirse su istenilen alana basincin etkisiyle kolayca yonlendirilebilir. Mevcut literatiirde basincin
siddeti (kN/m?) ile alakali hesaplamalar yapilmasina ragmen basincin siirekliligi goz ardi edilmektedir. Bu
durumun olusmasinda sonsuz hazne kapasitesi, haznede sabit su seviyesi ve belli bir en kesitte hizin sabit
olmasi gibi kabuller son derece etkilidir. Bu ¢calismada akiskanlar mekaniginde kullanilan basing kavrami
incelenmis ve basing yogunluk katsayisi one siiriilmiistiir. Basing yogunluk katsayisinin incelenmesinin,
akiskanlarda basing kavraminin daha iyi anlagilmasi ve su yapilarinin daha saglikli planlamasi i¢in 6nemli
bir adim olacagi tahmin edilmektedir. Bu ¢alismada Amerika Birlesik Devletleri izerinde insa edilen birgok
baraja ait basing yogunluk katsayisinin yiikseklik ile degisimi incelenmistir. Elde edilen regresyon egrisine
gore s0z konusu barajlar igin basing yogunluk katsayisi ile baraj yiikseklikleri arasinda dogrusal olmayan
(tissel) artan bir iliski elde edilmistir.

Anahtar Kelimeler: Basing, Akiskanlar mekanigi, Basin¢ yogunlugu, Basing stirekliligi.

Abstract

Pressure has destructive or directing effects on hydraulic structures. Destructive effects usually occur
in the still pressure zones, whereas directive effects usually occur in the moving (live) flow zones.
For example, in a dam structure, the pressure of water in contact with a dam body has destructive
effects on the dam body, while it has directing effects on a spillway, bottom outlet, and energy and
derivation tunnels. In moving water areas, if the horizontal and vertical flows can be provided in
accordance with the hydraulic structure's plan, the water can easily be directed to the desired area
under pressure. In the current literature, although the calculations related to the pressure strength
(kN/m?) are made, the continuity of the pressure is ignored. In this case, assumptions such as infinite
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reservoir capacity, the constant water level in the reservoir and constant velocity in a certain hydraulic
section are quite effective. In this study, the concept of pressure used in fluid mechanics is examined
and the concept of pressure density coefficient is proposed. It is estimated that examining the concept
of pressure density coefficient will be an important step for a better understanding of the pressure in
fluids and for beneficial planning of water structures. In this study, the relationship between pressure
density coefficients and dam heights is investigated for some dams built in the United States. It is
obtained a non-linear increasing relationship between the pressure density coefficients and dam

heights.

Keywords: Pressure, Fluid mechanics, Pressure density, Continuity of pressure.

1. GIRIS (Introduction)

Kuvvet veya birim yiizeye gelen basing terimi
gecmisten giliniimiize kadar insanoglunun zihnini
siirekli mesgul etmistir. Aristoteles, MO 4. yiizyilda
hareket tizerinde yaptigi ¢alismalarda hizin kuvvet ile
dogru orantili ve harekete direng gosteren ortam ile
ters orantili oldugunu belirtmistir [1], [2].

Arsimet’in (MO 3. yy), hamamda yikanirken suya
batma oranina gore suyun bedenine kuvvet
uyguladigini fark etmesiyle, suyun tagima giiciiniin
bulundugu ve hidrodinamigin temellerinin buna
dayandigi ifade edilmektedir [3]. Aristoteles’in
caligmalar1 iizerine yogunlasan ibn Sina zorunlu
yonlendirme (kasr-1 meyl) yani dogal ydnlenmenin
aksi (asagidan yukar1 dogru) durumunda cismin
aldig1 potansiyelin giiciin (kuvve) agirlik (kiitleden
dogan) ve hiz ile dogru orantili oldugunu ifade
etmistir. Bu ifade giiniimiizde impuls (glig=kiitle*hiz)
teriminin ortaya ¢itkmasina olanak saglamistir [4], [5].

El-Cezeri (MS 12. yy) Diyarbakir’da Artuklu
hiikiimdariin emrinde c¢alisirken suyun basincini
kullanarak ¢esitli otomatik araglarin tasarimini
yapmugtir [6]. Torricelli (MS 17. yy) bir cam tiipe civa
doldurmus ve bu cam tiipii civa dolu bir kaba ters
batirarak cam tiipteki civa yiiksekliginden agik hava
basincimi 6lgmiistiir. Pascal (MS 17. yy), kapali bir
kaptaki gaza uygulanan basincin akigkan tarafindan
kabin tiim kenarlarina aynm1 sekilde iletildigini
belirlemistir. Newton fiziginin gelismesi ile birlikte,
Bernoulli (MS 18. yy) kapali bir borunun i¢indeki
basinci 6l¢meye ¢alismis ve bu boruya pipet batirarak
pipetteki su yliksekligi ile borudaki basincin iligkisini
bulmustur ve bu yontem hastalarin kan basincinin
olgtimiinde uzun yillar kullanilmustir [7].

Yerli literatiirde akiskan basinci, ani debi azalmasi
durumunda meydana gelen su darbesinde, yiiksek
basingli tiirbinlere su ileten cebri borularda [8], [9],

isale iletim hatlarinda [10]-[15], kiiresel valflerde
[16],

havalandirma problemlerinde [17], yeralti sular1 [18]
ve deprem kuvvetlerinin olusturdugu su dalgalarinda
incelenmektedir [19].

S6z konusu basing tiim boru tesisatina zarar
verebilmekte ve hatta Oliimciil kazalara neden
olabilmektedir. Ayrica, baraj govdesinin acil
bosaltilmasi durumunda kullanilan dip savak yapisi
da baraj yiiksekligi dikkate alindiginda ¢ok fazla
basinca maruz kalabilmektedir.

Tiim bu hidrolik elemanlarin tasariminda en 6nemli
etken akigkanin basinci veya daha dogrusu basing
siddeti olarak varsayilir. Basing siddeti tasarlanan bir
yapt elemanmin dayanimini astigi zaman yapinin
yikilmasina neden olur. Yani basing siddeti bir olayin
gerceklesmesi veya gerceklesmemesi ile alakalidir.
Meydana gelen olaymn zamansal ve konumsal
siirekliligi ile alakali bilgi veremez. Bu caligsmada
hidrolik bir yap1 elemaninda tahribat olmasi
durumunda ortaya ¢ikacak tahribatin biiyiikliigi ile
alakali fikir vermeye olanak saglayacak basing
yogunluk katsayist kavrami one siiriilmustiir.

2. MATERIAL ve METOT (Material and
Method)

Basing kavrami kuvveti alanin biyiikliigiinden
bagimsiz duruma getirmek i¢in kullanilmaktadir. En
basit tabiriyle birim alana gelen kuvvet olarak
tanimlanabilmektedir. Akigskanlarin zayif molekiiler
bag yapisindan dolayi, akiskan maddeler seklini
koruyamamaktadir. Gii¢li molekiiler baglar kati
cisimlerin basincini sadece diisey yergekimi yoniinde
iletmesine neden olurken zayif molekiiler baglar
akigkanlarin basmcini tiim yonde iletmesine neden
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olmaktadir. Sekil 1 tizerinde serbest sekilli bir cisim
bulunmaktadir.

O

v
Ataban

Sekil 1. Serbest sekilli bir cisim (A free-form object)

Cismin toplam yiiksekligi h ve cisim degisken en
kesit alanlarina (A) sahiptir. Bu cisim kat1 bir cisim
veya kati sinirla gevrili akigkan madde olarak
diisiiniilebilir. Her iki durumda da serbest sekilli

cismin taban alaninda (Ataban) basing gerilmeleri ve
dolayisiyla basing kuvveti meydana gelecektir. Bu
cisim, kat1 veya akiskan, aym sekle ve 6zgiil agirliga
sahip olsa da (katilarin 6zgiil agirhig1 daha yiiksek)
cismin taban alaninda farkli basing kuvveti meydana
getirecektir. Bu ozellik basing ile alakali yeni bir
kavrama ihtiya¢ duyuldugunu gostermektedir.

Basing yogunluk katsayisi (bagil) kavramini birim
basing kuvvetine karsilik gelen agirlik kuvveti olarak
tanimlarsak (Denklem 1), katilarda basing yogunlugu
daima 1 olarak elde edilir (Denklem 2) ve
akiskanlardaki basing yogunlugu 0 < pb < o
araliginda degerler alabilir (Denklem 3). Burada pp
akigkanin basing yogunluk katsayisini, FG agirlik
kuvvetini, y ozgiil agirhigi, Aort ortalama en kesit
alanini, Ataban taban en kesit alanim1 ve Fp basing
kuvvetini temsil etmektedir.

Fg
- )
h
y.J, Adh . .
Pp = R 2 =1 - katular icin 2
v.Jy Adh
Ataban | taban
Y-fohA'dh V-h.Aort Aort kiskanl . (3)
= = = — aKklsgkaniar i¢cin
Pp Y.h.Ataban Y.h.Ataban Ataban ? ¢

Ozel hal olarak, taban alan1 (Awpan) Ve oOrtalama en
kesit alanlar1 (Aort) birbirine esit olan cisimlerde basing
yogunlugu akiskan madde i¢in kati maddeyle ayni1 (1)
degeri vermektedir (Sekil 2, Denklem 4). Yani 6zgiil
agirhik farklihigr goz oniine alinmadiginda ortalama
kesit alan1 taban alaniyla ayni olan kat1 ve akigskan
cisimler ayn1 basing kuvvetini meydana getirir.

Ancak 06zgiil agirlik farkliligr dikkate alinmasa dahi
cismin seklinden (taban alani ve ortalama kesit alan
farkli) dolayr akigkan ve kati maddeler ayni1 basing
kuvvetini meydana getirmeyebilir.

Sekil 2. En kesit alani1 sabit; egrisel, diizgiin egrisel ve dogrusal sekiller (The constant cross-sectional curvilinear,

uniform curvilinear and linear shapes).
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agirlik kuvveti _ y.Atabanh
V.h.Ataban

Pp =

- basing kuvveti

Diger 6zel bir hal olarak, farkli en kesit alanina
sahip cisimlerin dogrusal en kesit degisimleri i¢in
taban alanlari, basin¢li akimlarin tasariminda
genellikle kullanilan, dairesel kesit olarak
disiiniilebilir (Sekil 3). Bu durumda kati cisimler
icin, basing yogunlugu yine 1 degerini verecektir.
Akiskan cisimler i¢in ise taban alani1 tavan
alanindan kiiclik (biiyiik) olanlarda basing
yogunlugunun 1’ den biiyiik (kiiclik) oldugunu
ifade edebiliriz. Bu durumu matematiksel olarak
ifade edersek Denklem 5 elde edilebilir. Burada,

=1 - kativeya akiskan cisim

(4)

It taban yarigapi, r tavan yarigapt ve Ar taban
yaricap1 ile tavan yarigapr arasindaki degisimi
ifade etmektedir. Ar/rt (0) ifadesine taban
yarigapindaki degisim orani dersek Denklem 6
elde edilebilir. Bu denklem taban yarigapi
degisim oranina (#) gore basing yogunluk
katsayisinin degisim oranini vermektedir. Taban
yaricapt degisim oram1 -1 1ile oo araliginda
degisebilir. Yani dogrusal degisen kesitler i¢in
taban alan1 en fazla kendi kadar azalabilir ama
teorik olarak sonsuza kadar artabilir.

Ataban+A
_ y.h.( a an2 tavan) _ l(1 n Atavan) _ 1(1 + n_rz) _ 1(1 + (rt+Ar)2)
Pp = y.hAtaban Pp =3 Ataban’) 2 m.rp Pp =3 r?
! 1e2 421 Ar+Ar? _1 Ar Ar 2
pp—z(l-i-T) pp_2(1+(1+2(7’t)+(7"t) ) (5)
1
pp =51+ (1+6)%) (6)

Taban yarigap1 degisim orani (0), dogrusal degisen
dairesel en kesit alanlar1 i¢in, azalma durumunda
basing yogunluk katsayisini en fazla 0.5 oranina kadar
diigiirtirken (Sekil 4a) artma durumunda basing
yogunlugunu  teorik  olarak  sonsuza  kadar
arttirabilmektedir (Sekil 4b).

Basing yogunluk katsayist ve ylikseklik arasindaki
iliskiyi  6rneklendirmek icin Amerika Birlesik
Devletleri smirlar1  iginde insa edilen yiiksek
barajlardan bazilar1 bu c¢alismada incelenmistir.
Barajlarin  rezervuar hacimleri ve yikseklikleri
kullanilarak, birim taban alani i¢in basing yogunluk
katsayis1 degerleri elde edilmistir. Bu barajlarin
konumlart Sekil 6 lizerinde goriilmektedir.

Calismada incelenen barajlarin basing yogunluk
katsayilar1 yaklagik 9500 ile 203 milyon degerleri
arasinda degismektedir (Sekil 5). Bu durum baraj
rezervuarinda bulunan akigkanin basing yogunluk
katsayisinin ayn1 durumdaki katilara gore 0zgiil
agirhik farklihigr dikkate alimmadigida 9500 ile 203
milyon kat daha fazla oldugunu gostermektedir.
Ayrica galisma bolgesi i¢in basing yogunluk katsayist,
baraj yiiksekliginin {issli oraninda degismektedir.

Sekil 3. En kesit alan1 dogrusal degisen cisimler a) artan b)
azalan (Cross-sectional area linearly changing objects a)
increasing b) decreasing).
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Sekil 4. Taban yarigapt degisim orani ve basing yogunluk katsayist grafigi a) azalan yarigap oranlari (-1 <6 < 0) b) artan
yarigap oranlari (0 < 6 < 1000) (Graph of base radius change rate and pressure density a) decreasing radius ratios (-1 <8 <
0) b) increasing radius ratios (0 <6 < 1000)).
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Sekil 5. Caligmada kullanilan barajlarin konumlari (Location of dams used in the study).
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Sekil 6. Caligmada kullanilan barajlar i¢in basing (yogunluk katsayisi-yiikseklik iliskisi (Pressure density coefficient-height

relationship for the dams used in the study).
3. SONUC ve ONERILER (Conclusions and
Suggestions)

Bu calismada akiskanlarda basing kavraminin daha iyi
anlagilmast basing yogunluk katsayist kavrami one
stiriilmiistiir. Basing yogunluk katsayisi katilar i¢in her
zaman i¢in 1 degerini verse de akigkanlar i¢in 0 < pb <
oo araliginda degismektedir. Basing yogunluk katsayist
basincin siddeti {lizerinde Onemli bir etkiye sahip
olmasa da basincin siirekliligi {izerinde ciddi etkileri
bulunmaktadir. Yani genis rezervuar alanina sahip
hidrolik yapilar diisiik govde ylkseklik degeriyle
disiik basing degerine sahip olsa da yiiksek basing
yogunluk katsayisi degerine sahip olabilir. Literatiirde
kullamilan basing (kuvvet/alan) kavrami basincin
siddeti ile alakali olup bir hidrolik yapi elemaninin

¢okmemesi igin gerekli dayanim degerini verir.

Bu dayanim degerine gore yapi elemanlar segilerek

tasarlanir. Ancak olast ¢6kme durumunda

yapi
olusacak zararin boyutu ile alakali herhangi bir 6ngorii
verememektedir. Riskler her yap1 elemanin montajinda
ve imalatinda mutlaka belirli bir seviyede vardir. Bu
riskleri tamamen sifira indirmek miimkiin olamayacag1

gibi ¢ok kiigiik degerlere indirmek ciddi maliyet

sorunlarina yol agabilir. Bu baglamda hangi hidrolik
yapinin veya elemanin, imalat ve montajinda ne kadar
hassasiyet gosterilmesi Onceden belirlenmelidir.
Basing yogunluk katsayis1 degeri ¢cokme durumunda
olusacak zararin boyutu ve dolayisiyla tasarlanan yapi
elemanlarinin imalatinda ve montajinda gosterilmesi
gereken hassasiyet derecesi hakkinda bir Ongorii

saglayabilir.
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Abstract

Floods are becoming a major problem in many countries because of natural and anthropogenic risks that occur in
stream regions. Although the impact of floods cannot be completely eliminated, it is important to develop flood
models to minimize them. In this study, one-dimensional hydraulic model was developed for the Zeytinli Stream
located in the western part of Turkey using HEC-RAS software. Digital elevation model, stream network, flow
paths, and cross-sections of the study region were produced with the help of 1/5000 scale maps on Geographical
Information System (GIS) environment. Flood analyses were performed based on the flood discharges for different
return periods (5, 10, 25, 50, 100, 500-year) and water surface profiles were obtained. The paper also proposed
different prevention scenarios and accordingly repeated flood risk analysis. Changes in water surface elevations
and flow areas of the stream were calculated. Based on the results obtained, various evaluations and suggestions
were made for the region.

Keywords: Flood risk analysis, Flood prevention scenarios, HEC-RAS, Zeytinli stream.

Ozet

Akarsu yakinlarinda meydana gelen dogal ve antropojenik riskler nedeniyle tagkinlar bir¢ok iilkede énemli bir
sorun haline gelmektedir. Taskinlarin olumsuz etkileri tamamen ortadan kaldirilamasa da tagskin modellerinin
gelistirilmesi zararlarini en aza indirmek agisindan 6nemlidir. Bu ¢caligmada, Tiirkiye'nin batisinda yer alan Zeytinli
Deresi i¢cin HEC-RAS yazilimi kullanilarak tek boyutlu bir hidrolik model gelistirilmistir. Cografi Bilgi Sistemi
(CBS) ortaminda 1/5000 6l¢ekli haritalar yardimiyla ¢calisma bolgesinin sayisal yiikseklik modeli, akarsu agi, akis
yollar1 ve kesitleri tiretilmistir. Farkli doniis araliklarma (5, 10, 25, 50, 100, 500 yil) karsilik gelen akislar igin
tagkin analizleri yapilmis ve su yiizeyi profilleri elde edilmistir. Calismada ayrica farkli tagkin 6nleme senaryolari
Onerilmis ve buna gore taskin risk analizleri tekrarlanmigtir. Su yiizeyi yiikseklikleri ve akis alanlarmdaki
degisimler hesaplanmistir. Elde edilen sonuglara dayali olarak bolge icin cesitli degerlendirmeler yapilmis ve
tagkin 6nleme Onerileri sunulmustur.

Anahtar Kelimeler: Tagkin risk analizi, Taskin 6nleme eenaryolari, HEC-RAS, Zeytinli deresi.
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1. INTRODUCTION

Many people have been affected by meteorological,
climatological, and hydrological natural disasters
compared to earthquakes, volcanic activities etc. during the
last quarter of the century over the World. In Turkey,
according to a report by the Turkish State Meteorological
Service (MGM with Turkish acronym) in 2018, 90% of the
recorded large-scale disasters were the weather-related
cases such as floods in the last 20 years (MGM, 2018) [1].
Floods are generally large-scale natural disasters that are
expected to worsen due to global climate changes.
Recently, many model-based studies have been conducted
to determine the effects of floods and thus to reduce flood
damage [2-9].

Many studies related to flood modelling and the
development of flood dispersion maps for different parts of
Turkey are also available in the literature. Akkaya and
Dogan (2016) performed 2D flood modeling of the Meri¢
and Tunca Rivers that passes through Edirne city center
and generated flood inundation maps [10]. Based on the
study, it was recommended to perform solid material
clearance operations particularly during dry seasons,
because of the high solid material content carried along
with the floods. Dag (2019) used the peak flood rate values
at different return periods of years, the water profile along
the Altincay creek route in Antalya has been simulated
using HEC-RAS software and the flood risk areas were
determined on a station basis. As a result of the study, it
was recommended to expand the channel widths. In the
study by Celiker et al. (2020), peak flows for return periods
of 2, 5, 10, 25, 50, 100, 500 and 1,000 years, flood water
depths and inundation areas of Capakgur, Gayt and Goyniik
streams passing through Bingdl Province center with the
help of HEC-RAS [11]. They proposed reclamation
structures such as check dams, grade control structures and
afforestation to reduce flood damages. Ogras and Onen
(2020) handled the floodplain analysis between
Diyarbakir-Silvan Highway and historical Ten-Eyed
Bridge and suggested decrease in the roughness coefficient
and a tunnel for extracting flooding waters to prevent
possible damages [12]. 1D and 2D flood dispersion maps
will be established by HEC-RAS software for the Sakarya
river in Geyve district of Sakarya Province, Turkey for 100
and 500 years of recurrence flow rates in the study by
Ceribasi and Ceyhunlu (2020), [13]. They suggested
mostly socio-economic methods to minimize the effect of
floods, such as establishment of a flood early warning
system, and commissioning of a flood insurance system. As
seen from the aforementioned studies, the precautions to
reduce flood damage depend on the environmental
conditions of the region.

Therefore, the flood risk of the area under consideration
should be thoroughly investigated and region-specific
methods should be recommended, accordingly. Following
the previous investigations, in this study, flood risk analysis
is made for the Zeytinli Stream which is located in Edremit;

the north-western part of Turkey with the help of HEC-
RAS software. Based on written sources, the lowland
sections of the Zeytinli Stream have been used intensively
in terms of human activities from 1443 BC to the present
and continue to be used [14-15].

The agricultural lands previously covered a large area from
the coast to the inland. However, these lands are now
mostly occupied by summer residences for tourism
purposes. Forest areas were destroyed, swamps were
drained, and settlements expanded toward these areas.
These types of land use put pressure on the natural
environment of the region and cause various problems such
as flooding (Fig 1). To prevent flooding problems, this
study also includes the proposal of different flood
prevention scenarios for the study area and comparison of
the results.

Fig. 1. Floods in the study area [16].
2. STUDY AREA

Zeytinli Stream located in Edremit,Northeastern part of Turkey is
selected for flood risk analysis in this study (Figure 2). The river
flowing from northwest to southwest is 29.43 km long, and the
drainage area of the basin is 119.46 km?. The average elevation is
approximately 784 m and the slope levels are between 6% and
8%. The highest point at1710 m is Kirklar Hill. The total annual
precipitation average is 723.5 mm in the Zeytinli Basin. There
was an increase in precipitation values in the period between
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November and February. The Zeytinli Stream flows throughout
the year; there is no period when it is completely dry.

~_

Zeytinli Basin

A : Akgay &_\
N Gulf of Edremit
0.(’) km ) 5,0vkm : 10.0‘km

Fig. 2. Study area

The Zeytinli Stream was officially included in the scope of “Flood
Water Law of Turkey” in 1958. According to the law, a total of
100 m of the coastline (50 m on each the right and left shores of
the stream) from the thalweg line was a risky area.

The first reclamation work at the Zeytinli Stream started in 1963.
During the flood that occurred in 1965, the water collected from
the bed spilled out as a result of the rivers attached to the Zeytinli
Stream, and the houses around were damaged. It was determined
that the floodwalls around the sites in the region where the flood
occurred were insufficient or even collapsed.

In the 10-year period since 1965, various floods occurred in the
Zeytinli Stream. However, the planned and in situ tested
reclamation works that were intended to be carried out were
removed from the schedule because there was a lack of budget
and technical staff. Akgay District, a developing touristic district,
has been adversely affected by these disasters and has suffered
economic damage.

In 1982, a masonry retaining wall was designed along the left
shoreline of the stream to meet the Q100 recurrence flow (210
mds), in order to protect it from any flood. The parts where
Zeytinli Stream flows into the Aegean Sea are used as State
Hydraulics Works’ (DSI with Turkish acronym) reclamation
channel and fishermen's shelter. Ozsahin (2011) stated that there
is severe erosion in the Zeytinli Stream basin every year and more
than 10 tons of soil is lost annually. Reclamation works on
Zeytinli Stream have progressed slowly until today.

The reason for this is that the zoning plans of the lands to be
expropriated cannot be revised in accordance with the
improvement project and the land prices increase in value every

year [17].

3. METHODOLOGY
3.1. Flood Hydrology

The flood discharges used in the study were obtained from
DSI. In order to find flood discharges for specific return
periods, frequency analysis was performed for 5-, 10-, 25-,
50-, 100- and 500-year return periods using 26 years of data
recorded between 1989 and 2014. Nine probability
distributions including Normal, Log-Normal (2P), Log-
Normal (3P), Gumbel, General Extreme Value, Pearson
Type 3, Log-Pearson Type 3, Generalized Logistic and
Log. Logistics (3P) were selected for frequency analysis.
The compatibility check of distribution were subjected to
both Anderson Darling and Kolmogorov—Smirnov tests at
5% significance. The most convenient probability
distribution function was found as Generalized Logistic.
The flood values calculated for different return periods
using General Logistics distribution are presented in Table
1.

Table 1. Flood discharges calculated using Generalized
Logistic distribution

Flood discharge (m®s) for different return periods (year)

Distribution

Model 5 10 25 50 100 500
Gen.

- 178.42 198.00 219.65 234.12 24740 274.62
Logistics

3.2.Hydraulic Model

A Digital Elevation Model (DEM) of the study area was
generated using 1/5000 scale maps which were obtained
from DSI. Two-dimensional (2D) contour maps were
created and then converted into the three-dimensional (3D)
format. The 3D contour map was prepared for obtaining the
drainage network and processing of terrain data (Figure 3).
Geometric data of the study area such as thalweg line,
shorelines (right and left coast), flow paths, and river cross-
sections required for the hydraulic model were then
obtained.

1750 m =7
1,500 m —
1,250'm.
1,000m —
750m

500m —

250m

\

Fig. 3. DEM of the study area
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The point where the Zeytinli Stream pours into the Aegean
Sea is also the place where the flood model will be
established. This area is restricted as at region where the
settlements of the Akcay District are dense. For flood
analysis, fifteen cross-sections were obtained from the
stream bed, which is approximately 1600 m long. The
cross-sections of the stream bed on the study area are
shown in Figure 4 using the satellite image.

HEC-RAS is a graph-based, multitasking software
developed to perform hydraulic calculation of flows in
natural rivers. Open channels were then built. The software
can calculate the water surface profile, sediment transport,
moving base calculations, water quality analysis and many
hydraulic structure calculations in steady and unsteady
flows (USACE, 2016). The HEC-RAS software calculates
water surface profiles for subcritical, supercritical and
mixed regime flows. The calculation of the water surface
profiles was performed using the standard step method for
gradually varied flow. The standard step method is an
implementation of the Bernoulli equation. The distance
(Ax) between the two selected sections is usually taken at a
standard length. If the standard steps are chosen
sufficiently small by determining the geometric and
physical properties of the cross-section at these determined
distances, accurate results can be obtained in natural
streambeds. The energy equation is defined as:

V2 vE
Z2+Y2+0(2 5:Z1+Y1+0C15

1)

In Equation (1), z, and z, represent the bottom slope
of the channel, Y; and Y, represent the depth in the
cross-section, V; and V, are the average velocity
(discharge/flow area), oc; and o, denote the velocity
coefficient, g is the acceleration due to gravity, and he
represents the head loss. Head loss between back to
back cross-sections (he) consists of friction loss and
sudden changes in cross-section. Energy head loss is
defined in the following equation:

+ h,

2
he=LSf+C|OCZZ—2g—oc1— )

In Equation (2), L is the length of the channel, St is the
slope of the energy line between two cross-sections
and C is the energy loss due tothe change in the instant
cross-section. The length of the channel, L, can be
calculated using the following equation:

L = Llfp Qlfp+ LmQm+ erpQrfp (3)
Qlfp+ Qm+ Qrfp

Litp, Lm and Ly, define the length of the flow path and
correspond to the left floodplain, main floodplain and
right floodplain length of the channel, respectively.

Qirp, Qm and Qi define average flow rates in the cross-
section and correspond to the left floodplain, main
floodplain and right floodplain flow rates,
respectively.

Fig. 4. Flow bath and cfoss sectlons

1D flow model of the study area was created using HEC-
RAS software and the observed cross-sections were shown
in Figure 5a. The main, right and left bed widths defined as
30 m in the hydraulic model, in which the natural flow bed
was modelled before the reclamation works were started.
One of the cross-sections taken on the model is shown in
Figure 5b. The region between the red points in Figure 5b
represents the main bed, and the areas to the left and right
of the red points represent the left and right coast flow
limits, respectively.

Because of its simple structure and easy applicability, the
Manning formula is the most widely used formula in open
channel studies [18]. The HEC-RAS software uses the
Manning roughness coefficient when calculating head
losses due to friction. The Manning coefficient changes
with the roughness of the surface, vegetation, channel
irregularity, channel curvature, accumulation in the
channel, wear, obstacles and seasonal changes. The guide
prepared by DSI was considered while determining the
Manning roughness coefficient in the streambed of Zeytinli
Stream, and the roughness value of n was determined as
0.030[19]. Although the Zeytinli Stream starts from Mount
Kaz, the part where the hydraulic model of the river is
established is a distance of 1600 m from the place where it
pours into the sea to the region where the urbanization level
is high. Therefore, the bottom slopes of the streambed
studied are low. The average bed slopes vary between 0.1%
and 1% along the stream’s flow route. The characteristics
of the flow conditions are shown in Table 2.

Table 2. Zeytinli streamflow characteristics

Flow Regime | Subcritical

Regular, Non-uniform and
Gradually changing flow

0.04704

Flow conditions
Average bed slope

Manning Coefficient | 0.030

Cont.- Exp. Coefficient | 0.1-0.3
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Fig.”5. (a) Observed cross-sections and (b) Natural
streambed cross-section (200 m)

4. RESULTS

As of 2019, there is a gabion-style reclamation work
on the right and left plain coast of Zeytinli Stream. It
has been observed that rocks have been eroded, and
vegetation has damaged the existing structure. The
right and left coast plains are used as piers and ports
for small and fishing boats. Considering the previous
reclamation works, in situ measurements, and DEM
created in the computer environment of the region, the
typical cross-section of the stream is as seen in Figure
6.

The crest elevation of the stream (based on flood
level, the wall built on edges of the stream, the top
elevation of the ground or the raised ground) is 5.05
m above the thalweg line as shown in Figure 6. It has
been reported that the reclamation works of the
stream are carried out according to the peak flood for
the 500-year return period [19]. The current water
flow area is 48.77 m?, and the channel cross-section
is 137.20 m? (which is defined as control volume
area). The water levels in the stream sections vary
between 2.13 and 2.18 m.

The hydraulic model of the natural streambed before
reclamation activities was observed in 15 cross-
sections between 0 m (downstream) and 1626.64 m
(upstream) in HEC-RAS software. Water surface
profiles for various return periods (i.e. Qs, Q2s, Qso,
Q00 and Qsoo) at the cross-sections along the study
area and the path were calculated (Figure 7a). The
water surface profiles of flows for different return
periods obtained from the cross-section at 320 m of
the riverbed are given in Figure 7b, as an example.
Starting from the thalweg line of the streams, the
elevations reached by the water surface profiles for
various flows were determined.

As seen in Figure 7a, the thalweg elevation of the
longitudinal section from 1280 to 1160 m increased
from 8.65 to 8.82 m. The increase in the thalweg level
caused a reverse slope. It was observed that the flow
regime of the stream became subcritical; cross-
sectional flow areas decreased, and flow velocities
increased. The minimum slope values can be seen at
cross-sections of 1140 and 680 m. Accordingly, the
water surface profile in these sections showed the
minimum changes in the longitudinal cross-section.

Fig. 6. Current situation of the Zeytinli Stream and
typical cross-section of the stream

o R
£ e 0 )
f > Qe

Elevation (m)

TALVEG

A 0 20 40 L] 80 100 B
Crossection

Longitudinal section
Fig. 7. Water surface profile for the longitudinal
cross-section and water surface profiles on a typical
cross-section (320 m)

The minimum energy losses in the streambed were
seen in these parts. In the sections mostly seen
subcritical regime, the flow velocity was low, cross-
sectional flow areas were high and the Froude
numbers were less than 1. Considering the typical
cross-sectional area (137.20 m?; formed as a result of
the reclamation works), it was determined that the
cross-sections of 1140 and 680 m are the riskiest parts
of the stream. There was a reverse slope again based
on the increment of the thalweg elevation at cross-
sections of 680 to 560. The flow velocities increased,
and the cross-sectional areas decreased. Although the
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slope of the energy line increased, energy losses were
low.

It was observed that the flow regime reached critical
and passed into the supercritical regime between the
cross-section at 560 m and 440 m. The slope of the
energy line increased, and the head losses were higher
than those in the previous cross-section. Flow
velocities increased, and accordingly, cross-sectional
flow areas decreased. A subcritical flow regime was
observed in the section at 320 m. Compared to the
previous section, flow velocities decreased, cross-
sectional flow areas increased, but not at a dangerous
level. At the 200 m-section, the flow regime turned
into supercritical. Flow velocities and the slope of
energy line increased, and cross-sectional flow areas
decreased. Critical regime conditions were observed
from 200 m- to 80 m-sections. At the 0 m-section
(downstream), the flow regime was observed to be
subcritical. Based on the decrement in the flow

velocity, it was observed that cross-sectional flow
areas increased but remained below the control
volume (137.20 m?).

5. PREVENTION SCENARIOS

The flow regime was generally subcritical
considering the study region along the stream path.
Based on the distances between cross-sections and
increase/decrease in the thalweg elevations, it was
observed that the flow regime was critical in some
cross-sections and passed into supercritical. The flow
velocities were not excessively high at the cross-
sections along the flow. The reason of low velocities
at the cross-sections is that the natural streambed is
suitable for the water to spread together with the
increasing flow values for different return periods.
Accordingly, Froude numbers were less than 1 at
most cross-sections.

Table 3. Results of the analysis after reclamation (current situation and the first and second scenarios)

Current state 1t scenario 2"d scenario
€ = s = § s = = s s =
) £ = E £ =] X 3 =] = X
=1 ®© © © -~ © ®© e
- 8 § s T |5 = T 3o & | 5§ 3 T 3o &
E o 2 T £ 2 T £ S & 2 ° £ S &
T g 2 S & |3 8 8§ gy £ : 8¢ & gg £
] s E 2 s £ = < a £ = c o o 2 a E = © 8o o
=] L - w € - © w € - © « € © w € - © w c ©
o o 00 S 3 o0 H 2 R g 73 5 3 58 g
s 2 5 = E = 5 2 2 5 = 5 2
Q © - © - - o © - - o
- '-E © '-E © o o .‘E © © o
n = = = = =
1280 10.33 8.65 10.59  153.81 | 8.65 10.5 149.9 -0.85 -2.54 7.5 9.98 116.54 -5.76  -24.23
1160  10.45 8.82 10.19 116.17 | 835 10.22 121.08 0.29 4.23 7.3 9.66 97.78 -5.20  -15.83
1040 9.7 8.13 10.05 162.46 | 8.13 10.03 159.84 -0.20 -1.61 7.2 9.53 12399 -5.17 -23.68
920 9.33 7.78 9.95 179.49 | 7.78 9.91 176.25  -0.40 -1.81 7.1 9.25 133.27 -7.04  -25.75
800 9.17 7.65 9.83 176.95 | 7.65 9.79 172.63  -0.41 -2.44 6.9 8.91 129.45 936 -26.84
680 8.92 7.6 9.72 177.45 | 7.6 9.66 171.9 -0.62 -3.13 6.8 8.72 131.87 -10.29 -25.69
560 9.41 7.8 9.48 140.96 | 7.45 9.41 138.09 -0.74 -2.04 6.6 8.46 115.07 -10.76  -18.37
440 9.15 7.55 8.73 89.15 7 8.67 92.01 -0.69 3.21 6.4 8.37 78.55 -4.12 -11.89

In this study, it was aimed to reduce the flow areas
and flood water levels in the natural streambed by
performing reclamation in the cross sections to have
flood risk potential.  Therefore, two different
channel regulations were proposed. The streambed
level was first lowered at the cross-sections between
1280 and 116 m and 680 m and 440 respectively,
which have the reverse slopes (Figure 8a).

In the second case, the bottom elevation was
reduced between the cross-sections of 1280-440 m
(Figure 8b). The hydraulic models considering Qsoo
flow value were performed again, and the results

compared with those of the current situation (Table
3).

As a result of the bottom regulation studies for the
risky cross-sections of the stream, the water surface
elevations and flow areas mostly decreased in the first
analysis, with the reduction of the reverse slope base
elevations, but flood risk still existed in most sections.
In the second regulation, an average of 1 m of
excavation was proposed for the risky areas of the
stream, and the hydraulic analysis was repeated. In
Figure 9, the current state of the streambed and the
changes in the water surface elevations and thalweg
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line formed as a result of the reclamation works are be prevented from entering the stream channel
shown. Surface profiles and stream crest lines are directly, and flow in then downstream can be reduced.
compared for the 500-year return period flow. As The soil volume extracted in the proposed solution is
seen from Table 3, all water surface elevations and calculated as 29450 m?. In this context, the capacity
flow areas decreased for the second scenario. of the flood detention reservoir to be built is

determined to be 30000 m®. The detention reservoir

- can be designed with a depth of 1.5 m and a width of

e ,,_S.ZZ 100 x 200 m as shown in Figure 10. In addition, the

{r’a'ss””/ ki flood detention reservoir can be used for agricultural

Ny . Sl purposes other than the flood season. As an

a—/ S alternative to the second scenario, a part of flood

* il water may be transferred to the flood channel to

2B mitigate flood damages. However, as mentioned
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On the other hand, a flood detention reservoir can be

constructed on unoccupied and non-agricultural land Wi 0%k i 15k : Vil b A

in the region. With this solution, maximum flows can Fig. 10. Location of the flood detention reservoir
Fig. 8. Longitudinal cross-section after the (a) first and (b) the region use the right and left coasts of the stream
second reclamation as piers for fishing boats. A bank and/or floodwall

structures to be constructed to prevent floodwater will

i S adversely affect the pier usage and they are also

o | = L | economically disadvantageous. For these reasons, the

. ¥ g N reclamation activities that can be done in the city

/' [p S water level | . d h hl b R d P
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34/ T precautions may be insufficient. Therefore, flood risk
24 Sren analyses for small settlements will serve as a
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1 == guideline for new constructions and will enable

bt ——— urbanization to develop in a healthier way. The results
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obtained in this study can be developed and used as a
generalized reclamation method for similar scale
towns. Moreover, all flood reclamation works for
both urban and rural areas should be region-specific

For this reason, it is difficult to regulate streamflow  [20-21].
by constructing a flood channel. In addition, people in

Longitudinal Section
Fig. 9. Longitudinal cross-sections for the current
situation and after reclamation (for Qsoo)

Yerdelen, C., Engin, U.,, Eris, E., ORCID: 0000-0003-4705-1940, 0009-0000-6015-1693, 0000-0003-0601-7666 Turkish Journal of Hydraulics: Flood
Risk Analysis with Prevention Scenarios for Zeytinli Stream, Vol :7 , Number : 2, Page : 22-29, (2023)
28


https://orcid.org/0000-0003-4705-1940
https://orcid.org/0009-0000-6015-1693
https://orcid.org/0000-0003-0601-7666

Tlrk Hidrolik Dergisi / Turkish Journal of Hydraulic

References

[1]

[2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

MGM (Turkish State Meteorological Service)
(2018), Meteorological Character of 2017 Natural
Disasters Assessment, Research Department of
Meteorological Disasters Branch Office, Ankara,
156p (in Turkish).

Dasallas, L., Kim, Y. and An, H. (2019), Case Study
of HEC-RAS 1D-2D Coupling Simulation: 2002
Baeksan Flood Event in Korea, Water, 11 (10),
2048, https://doi.org/10.3390/w11102048.

Rangari, V.A., Umamahesh, N.V. and Bhatt, C.M.
(2019), Assessment of inundation risk in urban
floods using HEC RAS 2D, Modeling Earth
Systems and Environment, 5, 1839 - 1851,
https://doi.org/10.1007/s40808-019-00641-8

Zelenakova, M., Fijko, R., Labant, S., Weiss, E.,
Markovi¢, G. and Weiss, R. (2019), Flood risk
modelling of the Slatvinec stream in Kruzlov
village, Slovakia, Journal of Cleaner Production,
212 (6), 109-118,
https://doi.org/10.1016/j.jclepro.2018.12.008

Hutanu, E., Mihu-Pintilie, A., Urzica, A., Paveluc,
L.E., Stoleriu, C.C. and Grozavu, A. (2020), Using
1D HEC-RAS Modeling and LiDAR Data to
Improve Flood Hazard Maps Accuracy: A Case
Study from Jijia Floodplain (NE Romania), Water,
12, 1624. https://doi.org/10.3390/w12061624

Ongdas, N., Akiyanova, F., Karakulov, Y.,
Muratbayeva, A. and Zinabdin, N. (2020),
Application of HEC-RAS (2D) for Flood Hazard
Maps Generation for Yesil (Ishim) River in
Kazakhstan, Water, 12, 2672,
https://doi.org/10.3390/w12102672.

Desalegn, H. and Mulu, A. (2021), Mapping flood
inundation areas using GIS and HEC-RAS model at
Fetam River, Upper Abbay Basin, Ethiopia,
Scientific African, 12, e00834,
https://doi.org/10.1016/j.sciaf.2021.e00834

Salman, A., Hassan, S.S., Khan, G.D. et al. (2021),
HEC-RAS and GIS-based flood plain mapping: A
case study of Narai Drain Peshawar, Acta
Geophysica, 69, 1383-1393,
https://doi.org/10.1007/s11600-021-00615-4

Tamiru, H. and Dinka, M.O. (2021), Application of
ANN and HEC-RAS model for flood inundation
mapping in lower Baro Akobo River Basin,
Ethiopia, Journal of Hydrology: Regional Studies,
36, 100855,
https://doi.org/10.1016/j.ejrh.2021.100855

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Akkaya, U. G. and Dogan, E. (2016), Generation of
2D flood inundation maps of Meri¢ and Tunca
Rivers passing through Edirne city center,
Geofizika, 33, 15-34,
https://doi.org/10.15233/gfz.2016.33.7

Celikler, M., Koger, N., and Yildiz, O. (2020),
Bingél il Merkezinde Taskin Yayilim Alanlarmin
Cografi Bilgi Sistemleri ve HEC-RAS ile
Belirlenmesi, Dogal Afetler ve Cevre Dergisi, 6(2),
354-365. https://doi.org/10.21324/dacd.647877 (in
Turkish)

Ogras, S. and Onen, F. (2020), Flood Analysis with
HEC-RAS: A Case Study of Tigris River, Advances
in Civil Engineering, 13, Article ID 6131982,
https://doi.org/10.1155/2020/6131982.

Ceribasi, G. and Ceyhunlu, A.l. (2020), Generation
of 1D and 2D flood maps of Sakarya river passing
through Geyve district of Sakarya city in Turkey.
Natural Hazards, 105, 631-642,
https://doi.org/10.1007/s11069-020-04327-8

Yetkin, G. (1947). Edremit Tarihinden Yapraklar.
Istanbul: Istanbul Kagit ve Basim Isleri AS, 28s.

Durak, M. (2019), Edremit ve Zeytinli Cay1
Havzalarinin (Balikesir) Ekolojik Kosullara Gore
Arazi Kullanim Kabiliyet Smiflandirmasi, Yiiksek
Lisans Tezi, Balikesir Universitesi, Sosyal Bilimler
Enstitiist (in Turkish)

Url-1 (2023) https://gazetemerhaba.com/edremit-
zeytinli-cayi-tasti

Ozsahin, E. (2011), Erosion analysis of Zeytinli
Creek basin (Balikesir), Nature Sciences, 6, 42-56.

Chow, V.T. (1959), Open Channel Hydraulic,
McGraw-Hill, New York.

DSI (Turkish State Hydraulics Works) (2015),
Roughness Coefficient Determination Guide for
Stream Beds, Ministry of Forest and Water
Management of Turkey, Ankara (in Turkish).

Dag, I. (2019), Flood Analysis Using Hec-Ras for
Antakya Altincay Creek, MSc Thesis, Hatay
Mustafa Kemal University (in Turkish).

USACE (United States Army Corps of Engineer)
(2016), Hydraulic Reference Manuel (Version 5.0),
Institute for Water Resources Hydrologic
Engineering Center, 609 Second Street, Davis, CA.,
95616. USA.

Yerdelen, C., Engin, U.,, Erig, E., ORCID: 0000-0003-4705-1940, 0009-0000-6015-1693, 0000-0003-0601-7666 Turkish Journal of Hydraulics: Flood
Risk Analysis with Prevention Scenarios for Zeytinli Stream, Vol :7 , Number : 2, Page : 22-30, (2023)

29


https://orcid.org/0000-0003-4705-1940
https://orcid.org/0009-0000-6015-1693
https://orcid.org/0000-0003-0601-7666
https://doi.org/10.1016/j.jclepro.2018.12.008
https://doi.org/10.1016/j.sciaf.2021.e00834
https://doi.org/10.1007/s11600-021-00615-4
https://doi.org/10.1016/j.ejrh.2021.100855
https://gazetemerhaba.com/edremit-zeytinli-cayi-tasti
https://gazetemerhaba.com/edremit-zeytinli-cayi-tasti

Turk Hidrolik Dergisi / Turkish Journal of Hydraulic

Yerdelen, C., Engin, U.,, Erig, E., ORCID: 0000-0003-4705-1940, 0009-0000-6015-1693, 0000-0003-0601-7666 Turkish Journal of Hydraulics: Flood
Risk Analysis with Prevention Scenarios for Zeytinli Stream, Vol :7 , Number : 2, Page : 22-29, (2023)
30


https://orcid.org/0000-0003-4705-1940
https://orcid.org/0009-0000-6015-1693
https://orcid.org/0000-0003-0601-7666

