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¥NS¥Z 

6. Uluslararasē Bilimsel Araĸtērmalar Kongresi (6. UBAK) Tam Metin 

Kitabēnē sunmak bizim i­in bir onurdur. Amacēmēz; uluslararasē tanēnan bilim 

insanlarēnēn yeni ­alēĸmalarēnē, meslektaĸlarē ile bºlgesel ºĵrencilere tanētan ve 

T¿rkiyeôde ger­ekleĸtirilen baĸarēlē akademik ­alēĸmalarē d¿nyaya gºsteren bilimsel 

bir platform oluĸturmaktēr. 

Kongremizde, ­oklu disipline sahip araĸtērmalar ¿zerinde ­alēĸan bilim 

insanlarēnēn artan sayēsē ve yeni projelere baĵlē olarak mevcut araĸtērmayla ilgili 

fikirleri paylaĸmak i­in ortak bir etkinlik oluĸturulmasē ama­lanmēĸtēr. Bu hedefler 

doĵrultusunda sempozyuma temel bilimler ve m¿hendislik-mimarlēk alanlarēnda 

­alēĸan bilim insanlarēnēn bildirileri kabul edilmiĸtir.  

Tam Metin Kitabē, 01-03 Kasēm 2019 tarihleri esnasēnda ķanlēurfa-

T¦RKĶYEôde d¿zenlediĵimiz VI. Bilimsel Araĸtērmalar Kongresiône sunulan Temel 

Bilimler ve M¿hendislik-Mimarlēk bildirilerinden hakem s¿recinden olumlu rapor 

alan 54 bildiriden oluĸmaktadēr. Tam Metin Kitabēnda, d¿nyadaki ve ¿lkemizdeki 

temel bilimler ile m¿hendislik-mimarlēk alanlarēnda bilim insanlarēnēn ­ok etkili 

gºr¿ĸ ve en yeni tesbitlerini bulabilirsiniz. 

En sēcak teĸekk¿rlerimizi, kongremize davet edilen t¿m konuĸmacē, yazar ve 

katēlēmcēlara davetimize katēldēklarēndan ve 6. Uluslararasē Bilimsel Araĸtērmalar 

Kongresine katkē sunduklarēndan dolayē gºnderiyoruz. 

Saygēlarēmlaé 
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AZ EĴĶMLĶ A¢IK KANAL AKIMININ RANS ĶLE ĶKĶ 

BOYUTLU SAYISAL ANALĶZĶ 

Alaattin SEVEN 

Harran ¦niversitesi 

Veysel G¦M¦ķ 

Harran ¦niversitesi 

Oĵuz ķĶMķEK 

Harran ¦niversitesi 

¥ZET: Bu ­alēĸmada az eĵimli kritik altē a­ēk kanal akēmēnēn sayēsal 

modellemesi, Reynolds ortalamalē Navier Stokes (RANS) denklemleri kullanē-

larak sonlu hacimler yºntemine dayalē ­ºz¿m yapan Ansys Fluent paket prog-

ramē yardēmēyla yapēlmēĸtēr. Sayēsal modellemelerde akēmēn hareketini idare 

eden temel denklemlerin ­ºz¿m¿nde, Re-normalization Grup (RNG), Kayma 

Gerilmesi Taĸēnēmē (Shear Stress Transport-SST) ve Reynolds Gerilmeleri mo-

delleri (Reynolds Stress Model-RSM), su hava arakesitinin belirlenmesinde ise 

Akēĸkan Hacimleri Yºntemi (Volume of Fluid) kullanēlmēĸtēr. Ardē­lēoĵlu 

(1994) tarafēndan yapēlan ­alēĸmada deneysel olarak elde edilen akēm hēz pro-

filleri, farklē t¿rb¿lans modelleri kullanēlarak sayēsal olarak elde edilen sonu­-

lar ile karĸēlaĸtērēlmēĸtēr. Deneysel ve sayēsal hēz profillerinin karĸēlaĸtērēlma-

sēnda niceliksel kriter olarak ortalama karesel hata (OKH) ve ortalama mutlak 

gºreceli hata (OMGH) deĵerleri tercih edilmiĸtir. Karĸēlaĸtērma sonucunda, 

kritik altē a­ēk kanal akēmēnēn sayēsal modellemesinde SST t¿rb¿lans modelinin 

bu ­alēĸmada kullanēlan diĵer t¿rb¿lans modellerine kēyasla daha baĸarēlē ol-

duĵu belirlenmiĸtir. Deneysel ve sayēsal sēnēr tabakasēnēn kalēnlēĵē deĵerlendi-

rilmiĸtir.  

Anahtar Kelimeler:  Eĵimli a­ēk kanal, Sayēsal model, Akēĸkan hacim-

leri yºntemi, Hēz profili, Sēnēr Tabakasē 

 

Two-Dimensional Numerical Analysis of Mild-Slope  

Open Channel Flow with RANS 

 

ABSTRACT:  In this study, numerical modeling of the low-slope 

subcritical open channel current is carried out with the help of the Ansys Fluent 

package program which is based on the finite volume method using RANS 

equations. Re-normalization Group (RNG), Shear Stress Transport (SST) and 
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Reynolds Stresses models (RSM) are used to solve the basic equations gover-

ning the movement of flow in numerical models, and Volume of Fluid (VOF) 

method is used to determine the water-air intersection. Ardē­lēoĵlu (1994), in 

his study, flow velocity profiles obtained experimentally are compared with the 

numerical results obtained by using different turbulence models. In the compa-

risons, mean square error (MSE) and mean absolute relative error (MARE) va-

lues are preferred as quantitative criteria. Experimental and numerical velocity 

profiles obtained from different sections made according to these criteria are 

compared. As a result, SST turbulence model is found to be more successful 

in numerical modeling of subcritical open channel current than other turbu-

lence models used. 

Keywords: Mild -Slope Open Channel, numerical Model, Volume of 

Fluid, Velocity profile, Boundary Layer 

 

 

1. GĶRĶķ 

A­ēk kanal akēmlarē hidrolik m¿hendisliĵi alanēndaki uygulamalarda sēklēkla 

karĸēlaĸēlan akēm t¿r¿d¿r. Barajlardan veya gºletlerden sulama suyu temin etmek 

amacēyla inĸa edilen a­ēk kanallarēn akēm hēzlarē genellikle d¿ĸ¿k ve derinlikleri faz-

ladēr. A­ēk kanallarēn eĵimleri olduk­a d¿ĸ¿kt¿r. Kanal eĵiminin az olmasē suyun 

istenilen yºnde ve hēzda akmasēnēn yanēnda, s¿rt¿nme kayēplarēnēn azalmasē yºn¿nde 

bir­ok avantajē b¿nyesinde barēndērmaktadēr. Derinliĵin fazla olmasē sulama suyu 

ihtiyacē olduĵunda daha fazla debinin kolay alēnmasēnē saĵlamaktadēr. A­ēk kanal 

akēmlarē bir­ok ­alēĸmaya konu olmuĸ bir akēm problemi olmasēna raĵmen araĸtēr-

macēlar tarafēndan bazē akēm ºzelliklerinin incelenmesine devam edilmektedir. 

Sonlu hacimler yºntemi ile akēm-yapē etkileĸimine sahip akēmlarēnēn sayēsal 

modellenmesi, bilgisayar teknolojilerinde meydana gelen geliĸmelere paralel olarak 

d¿nyada daha sēk kullanēlmaya baĸlanmēĸtēr (G¿m¿ĸ ve ark. 2015, ķimĸek ve ark. 

2015, ķimĸek ve ark. 2016, Soydan ve ark. 2018, Telkēran ve ark. 2019). Yapēlan 

­alēĸmalar genellikle farklē yapē akēm etkileĸimi olan modellemede en uygun t¿rb¿-

lans modelinin belirlenmesi ¿zerine olmakta, ayrēca hesap maliyetinin Large Eddy 

Sim¿lasyon (LES) ve Dehacthed Eddy Sim¿lasyon (DES) modellerine kēyasla daha 

d¿ĸ¿k olmasē sebebiyle RANS denklemleri modellemelerde sēklēkla kullanēlmakta-

dēr. ķimĸek (2017) ­alēĸmasēnda, dolusavak ĸ¿t kanalē sonunda bulunan enerji kērēcē 

yapē ¿zerinden ge­en akēmēn deneysel ve sayēsal modellemesini yapmēĸtēr, sayēsal 

­ºz¿mde t¿rb¿lansēn tanēmlanmasēnda, Standart k-Ů (SKE), Re- normalization Group 

k-Ů (RNG), Realizable k-Ů (RKE), Kayma gerilmesi Taĸēnēmē (Shear Stress Trans-

port), Modified k-ɤ (MKW) ve Reynolds Gerilmeleri Modeli (Reynolds Stress Mo-
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del-RSM) kullanmēĸ ve ­alēĸma sonucunda, serbest hidrolik sē­ramanēn akēm karak-

teristiklerinin belirlenmesinde RSM modelinin en baĸarēlē model olarak belirlenmiĸ-

tir. G¿m¿ĸ ve ark. (2014), ­alēĸmalarēnda kapak sonrasē meydana gelen batēk hidrolik 

sē­ramanēn modellemesi i­in farklē t¿rb¿lans kapatma modellerini kullanmēĸlardēr. 

Serbest su y¿z¿n¿n belirlenmesinde VOF yºntemini, sayēsal ­ºz¿mlerin aĵ yapēsēn-

dan baĵēmsēzlēĵēnē belirlemek i­in ise GCI yºntemini kullanmēĸlardēr. ¢alēĸma sonu-

cunda kayar kapak sonrasē meydana gelen batēk hidrolik sē­ramanēn modellemesinde 

RSM modelinin en baĸarēlē model olduĵu belirlenmiĸtir. 

Bu ­alēĸmada, az eĵimli bir a­ēk kanal modelinde Ardē­lēoĵlu (1994) tarafēn-

dan elde edilen deneysel hēz profilleri, sonlu hacimler yºntemine dayalē ANSYS Flu-

ent programē ile farklē t¿rb¿lans modelleri kullanēlarak sayēsal olarak modellenmiĸtir. 

Serbest su y¿z¿n¿n belirlenmesinde Akēĸkan Hacimleri Yºntemi (Volume of Fluid-

VOF) yºntemi, t¿rb¿lansēn modellenmesinde ise literat¿rde sēklēkla kullanēlan 

RANS denklemlerini ­ºzen RNG, SST ve RSM t¿rb¿lans modelleri kullanēlmēĸ ve 

bu t¿rb¿lans modelleri kullanēlarak elde edilen sayēsal bulgular deneysel sonu­lar ile 

karĸēlaĸtērēlmēĸtēr. 

 

2.  MATERYAL VE Y¥NTEM 

2.1. Deney ¥zellikleri 

Deneyler, Ardē­lēoĵlu (1994) tarafēndan ¢ukurova ¦niversitesi Ķnĸaat M¿hen-

disliĵi Hidrolik Laboratuvarēnda ķekil 1ôde gºr¿len a­ēk kanal modeli ¿zerinde ya-

pēlmēĸtēr. Deneylerin yapēldēĵē kanalēn yan duvarlarē ve tabanē camdan imal edilmiĸ-

tir. Dikdºrtgen kesitli a­ēk kanal modelinin boyutlarē 30x30x700 cmôdir. Suyun a­ēk 

kanal ve depo arasēndaki sirk¿lasyonu santrif¿j pompa ile yapēlmaktadēr. Deneylerde 

farklē debi durumlarēnda x doĵrultusundaki hēz bileĸeni (u) tek boyutlu lazer doppler 

anenometresiyle (LDA) ºl­¿lm¿ĸt¿r. Kanal boyunca x=0.60, 1.40, 1.90, 2.40, 2.90, 

3.40, 3.90, 4.40, 4.90 ve 5.40 m kesitlerinde LDA ile hēz ºl­¿mleri yapēlmēĸtēr. Sa-

yēsal modellemede, Ardē­lēoĵlu(1994) tarafēndan yapēlan deneysel ºl­¿mlerden en 

fazla su derinliĵine sahip akēm durumu kullanēlmēĸtēr. Bu akēm durumuna ait ºzel-

likler Tablo 1ôde verilmiĸtir. 

 Tabloda bulunan S a­ēk kanalēn eĵimini, Q akēm debisini, h su derinliĵini, b 

a­ēk kanalēn geniĸliĵini ve Fr ise kanal giriĸinde ºl­¿len Froude sayēsēnē temsil et-

mektedir. Froude sayēsē Denklem 1ôdeki gibi hesaplanmaktadēr. 

 

V
Fr

gh
=  

 (1) 
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Burada, V kesit ortalama hēzē, g yer­ekimi ivmesi, h su derinliĵini temsil et-

mektedir. 

 

ķekil 1: A­ēk kanal modeli (Ardē­lēoĵlu, 1994) 

 

Tablo 1: Akēm ºzellikleri 

S Q (l/s) h (mm) b (mm) Fr  

0.0005 19.5 200 300 0.232 

 

2.2. Temel Denklemler ve T¿rb¿lans Modelleri 

Hafif eĵimli a­ēk kanal akēmē t¿rb¿lanslē bir akēm olup, bu t¿r akēmēn hareke-

tinin ­ºz¿lebilmesi amacēyla kullanēlacak temel denklemler s¿reklilik ve Reynolds 

Ortalamalē Navier-Stokes (RANS) denklemleridir. Bu denklemler sērasēyla Denklem 

2 ve Denklem 3ôte verilmiĸtir.  

 

i

i

u
0

x

µ
=

µ
 

(2)  
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2

i ij2

j i j j

p
ɟ ɟg ɛ (Ű )

t x x x x

i i i
j

u u u
u

å õµ µ µµ µ
+ = - + +æ öæ öµ µ µ µ µç ÷

  (3) 

 

S¿reklilik ve RANS denklemlerinde bulunan ui ortalama hēz bileĸenlerini, p 

ortalama basēncē, m akēĸkanēn dinamik viskozitesini, ɟ akēĸkanēn yoĵunluĵunu, ɟgi 

yer­ekiminin sebep olduĵu k¿tlesel kuvveti, t zamanē, Űij ise t¿rb¿lans (Reynolds) 

gerilmelerini ifade etmektedir.  

 

T¿rb¿lans yani Reynolds gerilmeleri Boussinesq yaklaĸēmēna gºre Denklem 

4ôteki gibi ifade edilir: 

ji
ij i j t ij

j i

uu 2
Ű ɟuu ɛ ŭ ɟk

x x 3

å õµµ
¡ ¡=- = + -æ öæ öµ µç ÷

  
(4) 

Burada, u╡i ve u╡j t¿rb¿lans hēz sapēn­larē ve Õt t¿rb¿lans viskozitesi olup ijŭ  

Kronecker deltadēr  

(i=j i­in ijŭ=1). T¿rb¿lans viskozitesinin sayēsal olarak hesaplanabilmesi i­in 

literat¿rde sēklēkla kullanēlan RNG (Yakhot ve Orszag, 1986; Yakhot ve ark., 1992), 

SST (Menter, 1994) ve RSM (Launder ve ark., 1975) t¿rb¿lans modelleri kullanēl-

mēĸtēr.  

 

2.3. Akēĸkan Hacimleri Yºntemi (Volume of Fluid-VOF) 

VOF yºntemi, birbirine karēĸmayan iki veya daha fazla akēĸkan arasēndaki ara 

y¿zeyin ĸeklinin belirlenebilmesi i­in ­ºz¿m aĵēna uygulanabilir (Hirt ve Nichols, 

1981). Bu tez ­alēĸmasē kapsamēnda su-hava ara kesitinin belirlenebilmesi i­in kul-

lanēlan bu yºntem, h¿crelerin boĸ, kēsmen ya da tam su ile dolu olduĵunu belirlemede 

kullanēlmaktadēr. Buna gºre, hacimsel doluluk oranēnē temsil etmesi i­in bir akēĸkan 

hacmi (F) tanēmlanēr. F=1 i­in aĵ elemanē tam dolu, F=0 i­in boĸ (hava ile dolu) ve 

0<F<1 i­in aĵ elemanē kēsmen dolu olmaktadēr (ķekil 2). VOF yºnteminde ara kesitin 

hesaplanmasēnda farklē yaklaĸēmlar bulunmakla beraber, bu ­alēĸmada ñGeo-Re-

constructò yaklaĸēmē kullanēlmēĸtēr. Bu yºntem ile ilgili detaylar G¿m¿ĸ (2014)ôte 

verilmiĸtir. 
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ķekil 2: Aĵ elemanlarēnēn doluluk oranlarē 

 

2.4. Sayēsal Aĵ Yapēsē 

Sayēsal model sonu­larēnēn ¿zerinde aĵ yapēsēnēn etkisinin olduĵu sayēsal mo-

del ­alēĸmasē yapanlar tarafēndan bilinmektedir. ¢alēĸmada kullanēlan aĵ yapēsē ķekil 

3ôte verilmiĸtir. ķekilde gºr¿ld¿ĵ¿ gibi sayēsal ­ºz¿m bºlgesi 2 alt bºlgeye ayrēlmēĸ-

tēr. Kanal tabanēna yakēn bºlgede yani katē sēnēra yakēn bºlgede aĵ yapēsē sēklaĸtērēl-

mēĸ ve bu bºlgede daha hassas ­ºz¿mlerin elde edilmesi ama­lanmēĸtēr. Tablo 2ôde 

bu bºlgede bulunan eleman sayēlarē verilmiĸtir.  

Akēĸkan hacimleri yºnteminin su hava arakesitinin belirleyebilmesi i­in su y¿-

z¿n¿n ¿zerinde bir bºlge (Bºlge I) oluĸturulmuĸtur. Bu bºlgede oluĸturulan aĵ ela-

manlarēnēn yoĵunluĵu duvar yakēnē bºlgesine gºre daha azdēr. Bºylelikle hesaplama 

y¿k¿ azaltēlmēĸtēr. 

 

 

ķekil 3: Hesaplama aĵē 

 

I 

II 
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Tablo 2: Farklē alt bºlgelerde bulunan aĵ elemanē sayēlarē 

Alt Bºlge Eleman sayēsē 

I.  Bºlge 20x1000 

II. Bºlge 95x1000 

 

2.5. ¢ºz¿m Bºlgesi, Baĸlangē­ ve Sēnēr ķartlarē 

Sayēsal modellemede kullanēlan ­ºz¿m bºlgesi, sēnēr ve baĸlangē­ ĸartlarē ķe-

kil 4ôte verilmiĸtir. ¢ºz¿m bºlgesinin sol alt sēnēr x-y koordinat takēmēnēn orjini ola-

rak kabul edilmiĸ ve boyutlar bu koordinat sistemine gºre tanēmlanmēĸtēr. Baĸlangē­ 

ĸartē olarak ­ºz¿m bºlgesi tamamen boĸ kabul edilmiĸ yani F=0 olarak ­ºz¿me baĸ-

lanmēĸtēr. Giriĸ sēnērēnda suyun bu kesitten girdiĵini gºstermek ¿zere giriĸ sēnērēnda 

baĸlangē­ ĸartē olarak F=1 olarak verilmiĸtir. ¢ºz¿m bºlgesinin giriĸ sēnērēnda deney-

sel hēz profilinden elde edilen akēm ortalama hēzē u=0,325 m/s olarak verilmiĸtir. Di-

ĵer hēz bileĸeni (v)ise sēfēr olarak kabul edilmiĸtir. ¦st ve ­ēkēĸ sēnērēnda p=0 ĸartē 

tanēmlanēp yani atmosfere a­ēk olduĵu belirtilmiĸtir. Deneysel ­alēĸmada kanal ­ēkē-

ĸēnda bulunan kapaĵēn y¿ksekliĵinin belirtilmemiĸ olmasēndan dolayē sayēsal mo-

delde bu ­ēkēĸ sēnērēnda deneysel verilerden elde edilen su derinliĵi h=20 cm olarak 

tanēmlanmēĸtēr. Sayēsal modelleme bu sēnēr ve baĸlangē­ ĸartlarē altēnda su giriĸ ve 

­ēkēĸ sēnērēnda dengeye ulaĸana kadar devam etmiĸtir. Sayēsal modellemede ­ºz¿m 

s¿resi 90 s olarak belirlenmiĸ ve bu s¿redeki ­ºz¿mde giriĸ ve ­ēkēĸta debinin s¿rek-

lilik saĵladēĵē belirlenmiĸtir.  

 

 

 

ķekil 4: ¢ºz¿m bºlgesi, sēnēr ĸartlarē ve baĸlangē­ ĸartlarē 
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3. BULGULAR VE TARTIķMALAR 

3.1. Deneysel ve Sayēsal Hēz Profilleri 

Deneysel ve RNG, SST ve RSM t¿rb¿lans modelleri kullanēlarak elde edilen 

sayēsal hēz profillerinin karĸēlaĸtērēlmasē sonucunda elde edilen OKH ve OMGH de-

ĵerleri Tablo 3ôte verilmiĸtir. Tabloda bulunan deĵerlerin ¿zerinde parantez i­inde 

bulunan rakamlar t¿rb¿lans modelinin baĸarē sēralamasēnē ifade etmektedir. Ayrēca 

ele alēnan kesitlerde elde edilen en d¿ĸ¿k OKH ve OMGH deĵerleri diĵer bir ifadeyle 

en iyi tahminde bulunan t¿rb¿lans modeli koyu renkle gºsterilmiĸtir. Ele alēnan 10 

kesitin 9ôunda SST t¿rb¿lans modeli deneysel verilere en yakēn tahminde bulunurken 

sadece x=3.4 m kesitinde RSM t¿rb¿lans modeli en baĸarēlē model olmuĸtur. Ele alē-

nan t¿m kesitlerde, SST modeli kullanēlarak en k¿­¿k OKH ve OMGH deĵeri x=1.9 

m kesitinde, en b¿y¿k deĵerler ise x=3.4 m kesitinde elde edilmiĸtir. Tablonun son 

satērēnda farklē t¿rb¿lans modelleri kullanēlarak 10 farklē kesitte elde edilen OKH ve 

OMGH deĵerlerinin ortalamasē verilmiĸtir. 10 farklē kesite ait deĵerlerin ortalamasē 

son satērda verilmiĸtir. Bu deĵerler incelendiĵinde t¿rb¿lans modellerinin baĸarē sē-

ralamasēnēn SST, RSM ve RNG ĸeklinde oluĸtuĵu gºr¿lmektedir. SST t¿rb¿lans mo-

delinin sēnēr tabakasēna yakēn bºlgede k-Ů, diĵer bºlgelerde ise k-ɤ denklemlerine 

dayalē ­ºz¿m yapmasēndan dolayē hibrit bir model olarak anēlmaktadēr. RNG ve 

RSM t¿rb¿lans modellerinin geliĸtiren araĸtērmacēlar tarafēndan eĵri yºr¿ngeli ve 

ikincil akēmlarēn mevcut olduĵu akēmlarda baĸarēlē olduĵu ifade edilmektedir. Bu 

­alēĸmaya konu olan hafif eĵimli a­ēk kanal akēmēnda herhangi bir sēnēr tabakasē ay-

rēlmasē veya ikincil akēmlarēn oluĸumu sºz konusu olmamasēndan dolayē bu iki mo-

delin bu ­alēĸmada baĸarēlē olmamasē normal olarak deĵerlendirile bilinir. 

 

Tablo 3: Farklē t¿rb¿lans modellerine ait OKH ve OMGH deĵerleri 

x (m) 

RNG SST RSM 

OKH (cm2/s2) OMGH (%)  OKH (cm2/s2) OMGH (%)  OKH (cm2/s2) OMGH (%)  

0.6 3.28(3) 7.73(3) 1.66(1) 5.29(1) 2.70(2) 5.94(2) 

1.4 4.06(3) 9.27(3) 1.04(1) 3.59(1) 2.00(2) 4.39(2) 

1.9 3.28(3) 8.35(3) 0.61(1) 2.90(1) 1.48(2) 4.41(2) 

2.4 1.97(3) 6.08(3) 0.71(1) 3.39(1) 1.20(2) 5.61(2) 

2.9 3.59(3) 8.58(3) 1.11(1) 4.15(1) 1.68(2) 4.72(2) 
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3.4 7.34(3) 13.18(3) 6.34(2) 10.68(2) 1.46(1) 10.32(1) 

3.9 2.07(2) 6.16(3) 1.03(1) 3.94(1) 6.33(3) 4.63(2) 

4.4 1.33(3) 4.25(2) 0.69(1) 2.51(1) 1.31(2) 5.09(3) 

4.9 1.10(2) 3.76(2) 0.70(1) 2.56(1) 1.57(3) 5.65(3) 

5.4 1.01(2) 3.72(2) 0.86(1) 3.65(1) 1.88(3) 7.57(3) 

Ort.  2.90(3) 7.11(3) 1.47(1) 4.26(1) 2.16(2) 5.83(2) 

 

ķekil 5ôte, Ardē­lēoĵlu (1994) tarafēndan deneysel olarak elde edilen hēz pro-

filleri ile RNG, SST ve RSM t¿rb¿lans modelleri kullanēlarak elde edilen hēz profil-

lerinin grafiksel karĸēlaĸtērēlmasē verilmiĸtir. Deneysel ve sayēsal hēz profillerinin kar-

ĸēlaĸtērēlmasēnda a­ēk kanal baĸlangēcēndan kanal sonuna kadar 10 farklē kesitte elde 

edilen hēz profilleri kullanēlmēĸtēr. Kanal baĸlangēcēna en yakēn kesit olan x=60 cm 

kesitinde elde edilen hēz profilinden, kanal tabanēna yakēn bºlgede deneysel ve sayē-

sal hēz profillerinin arasēndaki uyumun su y¿z¿ne yakēn bºlgeye gºre daha iyi olduĵu 

gºr¿lmektedir. x=140, 190, 240, 290, 340, 390 ve 440 cm kesitlerinde elde edilen 

deneysel ve sayēsal hēz profillerinin karĸēlaĸtērēlmasēndan bu kesitlerde katē sēnēra ya-

kēn bºlgede x= 60 cm kesitinin aksine kanal tabanēna yakēn bºlgede uyumun az ol-

duĵu, su y¿z¿ne doĵru gittik­e hēz profilleri arasēndaki uyumun giderek arttēĵē gº-

r¿lm¿ĸt¿r. Sayēsal modellemede kullanēlan akēm giriĸ ĸartē olarak deneysel elde edi-

len hēz profilinin bir fonksiyon olarak tanēmlanmēĸ olmasēndan dolayē x=60 cm kesi-

tinde kanal tabanēna yakēn bºlgede uyumun daha y¿ksek olduĵu sºylene bilir. x=60 

cm kesitinin dēĸēnda kalan kesitlerde ise kanal tabanēna yakēn bºlgede deneysel hēz 

deĵerlerine kēyasla sayēsal hēz deĵerlerinin d¿ĸ¿k olduĵu gºr¿lmektedir. Bu sonu­tan 

sayēsal modellemelerde sēnēr tabakasēnēn geliĸim gºsterdiĵi bºlge i­inde kalan hēz 

deĵerlerini tahmin etmede baĸarēsēz olduĵu gºr¿lmektedir. Deneysel ve sayēsal hēz 

profillerinin arasēndaki farkēn sayēsal modelleme de kullanēlan hesaplama aĵ yapēsē-

nēn yeteri kadar hassas olmamasē ve duvar yakēnē modellemesinde standart duvar 

yakēnē fonksiyonunun tercih edilmesi olarak d¿ĸ¿n¿lmektedir. Sayēsal modellemede 

kullanēlan RNG, SST ve RSM modellerinin 10 farklē kesitte elde edilen hēz profilleri 

arasēnda bariz farklēlēklarēn bulunmadēĵē genellikle birbirine benzer hēz profillerinin 

elde edildiĵi gºr¿lmektedir.  
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ķekil 5: Deneysel ve sayēsal hēz profilleri 

3.2. Deneysel ve Sayēsal Sēnēr Tabakasē Kalēnlēĵē 

Deneysel ve farklē t¿rb¿lans modelleri kullanēlarak sayēsal olarak elde edilen 

sēnēr tabakasē kalēnlēĵēnēn kanal boyunca deĵiĸimi ķekil 6ôda verilmiĸtir. Deneysel ve 

sayēsal sēnēr tabakasēnēn kalēnlēĵē, akēm ortalama hēz deĵerinin 0.99 katēnēn elde edil-

diĵi su derinliĵi olarak belirlenmiĸtir. Deneysel ve sayēsal sēnēr tabakasēnēn kalēnlēĵē 

deĵerleri Tablo 4ôte verilmiĸtir. Deneysel olarak elde edilen sēnēr tabakasē kalēnlēĵē-

nēn 0.01 mônin altēnda olduĵu, sayēsal sēnēr tabakasēnēn kalēnlēĵēnēn ise 0.03 ile 0.06 

m aralēĵēnda olduĵu gºr¿lmektedir. Deneysel ve sayēsal sēnēr tabakasēnēn kalēnlēĵēnēn 

birbiri ile uyumsuz olduĵu ve kanal sonuna doĵru ilerledik­e sēnēr tabakasē kalēnlēĵē-

nēn arttēĵē ifade edilebilir. Sēnēr tabakasē kalēnlēĵēnēn uyumsuzluĵu, hēz profillerinin 

katē sēnērēna yakēn bºlgedeki uyumsuzluk ile benzerlik gºstermektedir. RSM ve RNG 

t¿rb¿lans modelleriyle elde edilen sēnēr tabakasē kalēnlēĵēnēn aynē olduĵu ve SST t¿r-

b¿lans modelinin bu modellere kēyasla deneysel sonu­lara daha iyi tahminde bulun-

duĵu gºr¿lmektedir.  

Sayēsal modellemede kullanēlan hesaplama aĵē tasarēmēnēn katē sēnēra yakēn 

bºlgede daha hassas oluĸturulmasē ve duvar yakēnē modellenmesinde farklē se­enek-

lerin kullanēlmasē deneysel verilere daha yakēn sonu­lar elde edilmesine olanak saĵ-

layacaĵē d¿ĸ¿n¿lmektedir. 
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ķekil 6: Deneysel ve sayēsal sēnēr tabakasē kalēnlēĵē 

 

Tablo 4: Deneysel ve sayēsal sēnēr tabakasē kalēnlēĵē 

Model\Kesit 0.6(m) 1.4(m) 1.9(m) 2.4(m) 2.9(m) 3.4(m) 3.9(m) 4.4(m) 4.9(m) 5.4(m) 

Deney 0.00600 0.00630 0.00680 0.00800 0.00650 0.00780 0.00810 0.00780 0.01000 0.01000 

SST 0.03030 0.03232 0.03535 0.03890 0.04242 0.04646 0.04940 0.05252 0.05550 0.06161 

RSM 0.02828 0.03320 0.04040 0.04646 0.05151 0.05550 0.05858 0.06060 0.06262 0.06060 

RNG 0.02820 0.03500 0.04100 0.04650 0.05050 0.05450 0.05700 0.06060 0.06100 0.06260 

 

4. SONU¢LAR 

Bu ­alēĸmada, hafif eĵimli kritik altē a­ēk kanal akēmēnēn sayēsal modellemesi 

farklē t¿rb¿lans modelleri kullanēlarak yapēlmēĸtēr. Akēm alanēnēn belirlenmesinde 

sonlu hacimler yºnteminden, su y¿z¿ profilinin belirlenmesinde ise akēĸkan hacim-

leri yºnteminden yararlanēlmēĸtēr. T¿rb¿lans modellerinin deneysel verileri tahmin 

etmedeki baĸarēsēnē belirlemek amacēyla ortalama karesel hata ve ortalama mutlak 

gºrece hata deĵerleri kullanēlmēĸtēr. Deneysel ve sayēsal hēz profillerinin karĸēlaĸtē-

rēlmasēndan en baĸarēlē modelin SST t¿rb¿lans modeli olduĵu gºr¿lm¿ĸ ve SST t¿r-

b¿lans modelini RSM ve RNG t¿rb¿lans modellerinin sērasēyla takip ettiĵi belirlen-

miĸtir. Deneysel ve sayēsal hēz profillerinin grafiksel karĸēlaĸtērēlmasēndan ise katē 

y¿zeye yakēn bºlgede hēz profillerinin birbiri ile uyumunun su y¿z¿ne yakēn bºlgeye 

gºre daha az olduĵu gºr¿lm¿ĸt¿r. Deneysel ve sayēsal olarak elde edilen sēnēr taba-

kasē kalēnlēĵēnēn katē sēnēra yakēn bºlgede elde edilen hēz profillerine benzer ĸekilde 
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birbiriyle uyumsuz olduĵu gºr¿lm¿ĸt¿r. Katē sēnēra yakēn bºlgede daha ince aĵ ele-

manlarēnēn oluĸturulmasēnēn bu problemin ­ºz¿m¿nde etkin olacaĵē d¿ĸ¿n¿lmekte-

dir.  
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¥ZET: Yangēn, yapēlar ¿zerinde deprem kadar ciddi etkisi olan doĵal 

bir afettir. Yapēlarda ciddi yangēn hasarlarē nadir gºr¿lmekle beraber, T¿r-

kiyeôdeki milyonlarca yapē stoku d¿ĸ¿n¿l¿nce yangēnēn ekonomide yarattēĵē 

yēllēk ortalama maddi kayēp, depremin yarattēĵē kayēptan daha b¿y¿kt¿r. Kent-

sel dºn¿ĸ¿m ile T¿rkiyeôde sayēsē hēzla artan y¿ksek katlē konut binalarēnda 

yangēnēn etkisi incelenmelidir; ­¿nk¿ bu binalar her ne kadar depreme daya-

nēklē yapēlsa da bu konutlarēn ­oĵu depremin ardēndan oluĸabilecek bir yangēna 

dayanēklē deĵildir. Bu y¿zden, g¿n¿m¿zde yangēn m¿hendisliĵinin ºnemi ve 

donanēmlē yangēn m¿hendislerine olan ihtiya­ giderek artmaktadēr ve yangēn 

danēĸmanlarēnēn ­oĵu teorik altyapēda yetersiz kalmaktadērlar. Bu altyapēyē 

saĵlayacak tek yer ¿niversitelerdir ve maalesef T¿rkiyeôdeki y¿ksek ºĵretim 

kurumlarēnda yangēn m¿hendisliĵi ¿zerine verilen dersler yok denecek kadar 

azdēr. Yangēn bilimi, ēsē transferi, yapē analizi ve malzeme bilimi gibi bir­ok 

farklē araĸtērma alanēnē bir arada bulunduran yangēn m¿hendisliĵinin, inĸaat 

m¿hendisliĵi lisans eĵitiminde son sēnēf ve y¿ksek lisans ºĵrencilerine veril-

mesi ºnerilmektedir. Bu ­alēĸmada, farklē araĸtērma alanlarēnē tek bir ­er­evede 

toplayan bilgisayar destekli yazēlēm uygulamalē bir ders programē tanētēlmēĸtēr. 

Kapsamlē bir yangēn m¿hendisliĵi analiz raporu ­ēkarabilecek bir altyapēyē ºĵ-

rencilere verebilmek hedeflenmektedir.  

Anahtar kelimeler:  Yapēsal yangēn, yangēn m¿hendisliĵi, eĵitim. 

 

Fire Engineering Curriculum in Turkish Universities  

 

ABSTRACT: Fire is a natural disaster which can be as hazardous as 

earthquake on structures. Despite being a rare event, fire on structures has a 

higher consequence in terms of financial burden when compared with earth-

quake mainly because of millions of structure inventories in Turkey. With the 

advent of Urban Transformation Act, there is unprecedent rise in tall residential 

buildings in Turkey and fire safety in such structures must be investigated even 

though they are designed to perform well under earthquake. These structures 

are not resilient for fire conditions after a possible earthquake. The importance 
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of fire engineering and the demand for expert fire engineers rapidly grows in 

Turkey and most of the fire counselors lack the theoretical foundation to guide 

in fire engineering. The only place to address this problem is the higher educa-

tion institutions such as universities and unfortunately, fire engineering is al-

most non-existent in curriculum of Turkish universities. The multi-disciplinary 

fire engineering course, which encompasses fire science, heat transfer, struc-

tural analysis and material science is suggested to be introduced to senior un-

dergraduates and graduate students. In this paper, a new framework in struc-

tural engineering curriculum is created to include multi-disciplinary fire engi-

neering concepts backed up by computational software. The main goal is to 

provide students a proper foundation to create advanced fire strategy reports 

essential for performance-based engineering.    

Keywords: Structural fire, fire engineering, education. 

 

 

1. INTRODUCTION  

The increase in number of tall residential buildings and current industrial 

buildings that require fire investigation due to vast amount of combustible materials 

that is stored in them, creates a high demand for fire consultants. Many fire consult-

ants in the field are not academically trained due to the lack of fire engineering 

courses in Turkish universities. Fire engineering is a multi-disciplinary field which 

has three main pillars; fire science, heat transfer and thermomechanical analysis of 

structures. Therefore, course content suggested in this paper elaborates on these pil-

lars.  

Step by step procedure of writing a fire strategy report can be simplified as 

creating a design fire (time-temperature curve), estimating egress time from a struc-

ture, calculating the temperature distribution in structural members and finally con-

ducting a structural system analysis with thermally induced forces. This procedure 

can be visualized with a flow chart shown in Figure 1 (Selamet, CE549 Course Lec-

ture Notes). Students who successfully complete the fire engineering course should 

be able to combine the theoretical knowledge provided in the course with design 

applications of real-life case studies and learn how to write fire strategy reports.   
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Figure 7:Flow Chart for Fire Engineering Pillars for Design 

 

2. FIRE SCIENCE 

Fire is an exothermic chemical reaction of an organic carbon based material 

which releases heat, carbon-dioxide, water vapor and reaction products based on the 

burning material. The simplest form of the complete combustion reaction is given in 

Equation 1. Here, ñotherò is the poisonous gases such as CO, SO2, nitrogen oxide.  

ὊόὩὰὕ ὌὩὥὸὌὕ ὅὕ ὔ ὕὸὬὩὶ             (1) 

Complete combustion occurs repeatedly until the fuel or oxygen in the fire 

area runs out. Fire science is the first pillar in fire engineering and it investigates fire 

characteristic, fire growth and fire spread, which depends on the type of fire load as 

well as fire compartment ventilation.  

 

2.1. Fire Event 

In order to observe a fire event, an external source of heat is needed to raise 

the temperature of an object to its ignition temperature (Buchanan, 1999:39). Some 

of these external heat sources are; gas heaters, cigarettes, candles, etc. After the igni-

tion, fire keeps growing until it reaches to a point where the external heat source is 

no longer necessary, which is defined as self-sustained fire. Fire starts to spread 

through other flammable objects and hot gases and smoke form a thick layer on the 

ceiling due to buoyancy. When the ceiling temperature due to the hot gases reaches 
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600oC flashover occurs. Flashover causes every flammable material in the room to 

burn simultaneously, which leads to an accelerated increase in temperature and heat 

release rate. Beyond flashover, no human being can survive in the fire compartment. 

Fire curve shown in Figure 2 summarizes the fire event.  Figure 3 visualizes pre-

flashover stage and flashover stages.  

 

 

Figure 8:Fire Curve (Selamet, CE549Lecture Notes) 

 

 

Figure 9: (a) Pre-flashover, (b) Flashover Stage 

 

2.2. Fire Load (E) 

The load for conventional structural engineering is due to mass of objects. The 

load for fire arises from the energy content of all the combustible objects inside the 
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structure. Fire can occur in any region of the structure, which is defined as the fire 

area (ὃ). Energy released by a combustible material is found by Equation 2. M rep-

resents the mass of the material and ЎὌ  represents the energy released per kg 

burned.  Equation 3 is used to calculate fire load per area.  

Ὁ ὓЎὌ ὓὐ                  (2)   

ή Ὁὃϳ ὓὐάϳ                   (3)    

 

2.2.1. Heat Release Rate (Q) 

Heat release rate (Q) in Watts (MJ/s) characterizes the fire growth and duration 

of the fire. The area under a heat release rate curve over the duration of fire (t) defines 

the energy content (E) as shown in Equation 5. Every combustible material has a 

different heat release rate. Generally, in a fire region, the heat release rates of all the 

different combustible materials are added to estimate the total Q. It is essential to 

know as the heat release rate is the single most important variable in determining fire 

hazard (Babrauskas and Peacock, 1992:255-272).  Heat release rate is calculated with 

Equation 6. Fire growth is assumed to spread radially (Selamet, TBE:26) and there-

fore is proportional to the time squared and called t2 - fire. Here ‌ represents the fire 

intensity coefficient (MJ/s2). t2-fires are used to construct pre-flashover phase of fire. 

Eurocode categorizes the fire growth as slow, medium, fast and ultra-fast depending 

on the material character in the fire compartment as shown in Table 1 (CEN, 2002). 

ὗ Ὁὸϳ ὓὐίϳ                   (5)    

ὗ ‌ὸ                            (6) 

 

Table 1: Fire Growth Rates of Typical Real Fires 

Fire Growth  

Rate 

Ŭ 

(1x10-3) 

MJ/s2 

Typical Material Contents 

Slow 0.00293 densely packed wood products 

Medium 0.0117 
Solid wood furniture such as desks, 

individual furniture items with small amount of plastic 

Fast 0.0466 high stacked wood pallets, cartoons 

Ultra-Fast 0.1874 upholstered furniture, thin wood furniture such as wardrobes 
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2.3. Compartment Fires 

Unlike an open fire, compartment fires can be ventilation-controlled. Heat re-

lease rate in compartments depends not only on the burning rate of combustible ma-

terials but also on the fresh air inflow / hot gas outflow from compartment windows 

and radiation effects from hot gases accumulated in the ceiling. In order to calculate 

the fire time-temperature in a compartment fire, energy and mass balance equations 

must be formed as illustrated in Figure 4. The compartment is divided into hot and 

cold layers and mass and energy balance and interaction between layers are calcu-

lated for each layer at each time step as in Equation 7. Here, the first term is work 

done by hot gases, the second term defines the work done by pressure of hot gases 

and the third term relates to the net energy intake of the compartment by ventilation. 

On the right hand side of the equation, the heat release rate of fire as well as heat loss 

rate into the thermal boundaries (walls, floor and ceiling) are stated. The solution of 

this differential equation is performed at each time step and such numerical procedure 

is called ñZone Modelingò.  

”ὧᾀὃ ᾀὃ ὧВ ά Ὕ Ὕ ὗ ὗ ὗ               (7)    

Most commonly used Zone Modeling Program is CFAST (Peacock et al., 

1993). CFAST calculates the distribution of smoke and temperature throughout the 

rooms of a building during a fire. OZone (Cadiron et al., 2001) is another Zone Mod-

eling Program to calculate the temperatures in the hot and cold layer, however, it 

does not estimate smoke distribution. Compartment fires can also be modelled and 

solved using computational fluid dynamics field analysis, which is a more complex 

approach compared to zone models. Field models give thermo-dynamic and aero-

dynamic variables for all discrete points in a fire region (Selamet, CE549 Course 

Lecture Notes).   

 

 

Figure 10: Compartment Fire Illustration (Zone Model)  

(Selamet, CE549 Course Lecture Notes) 
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2.4. Localized (Open-air) Fires 

A localized fire is described as an open-air fire with unlimited ventilation 

where the fire keeps growing as a function of time. Hot gases and smoke are generally 

unconfined. Most of the fires in growth stage are considered as local fires. These 

types of fires may be observed in large spaces such as atriums, theaters and car parks. 

Local fire burning duration is controlled only by fuel type and fuel amount not by 

ventilation. In local fires there are two different methods to calculate the temperatures 

at a specific flame height. Flame height is calculated with Equation 8 and here, D (m) 

represents fire diameter, Q (W) represents the heat release rate. Flame height deter-

mines which method to use for temperature calculations. As fire gets larger, the flame 

height decreases, and as fire intensity gets larger, the flame height increases. If fire 

impacts the ceiling Hasemi method is used, otherwise Heskestad method is used 

Heskestad Method and Hasemi Method localized fire illustrations are shown in Fig-

ure 5. The temperature calculations for localized fires can be found in Eurocode 3: 

Part 1-2 (2005).   

ὒ ρȢπςὈ πȢρτψὗȢ                         (8) 

 

Figure 11: Fire Illustrations: (a) Heskestad Method, (b) Hasemi Method 

 

 

3. HEAT TRANSFER 

Energy difference in a material during a fire event results in a temperature 

increase. This energy difference is caused by the heat generated from fire transferred 

to material with conduction, convection and radiation. Therefore, temperature in 

structural members subjected to fire is calculated with these heat transfer modes.  
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3.1. Conduction 

Heat is transferred in the structural material via conduction and governed by 

the 2nd order partial differential equation developed by Fourier. Here, T is the tem-

perature, t is time and x, y, z are the space dimensions. Equation 9 is called the tran-

sient heat equation. The structural material properties density (”), thermal conduc-

tivity (k) and specific heat (c) are needed. Using classical approach such as Fourier 

Series or numerical approaches such finite difference or finite element method are 

needed to solve this equation for temperature T(x,y,z,t). 

Ȣ                                     (9) 

 

3.2. Convection 

Convection is the heat transfer between the structural materialôs surface and 

the surrounding gas (i.e. fire) and it is governed by Newtonôs Law of Cooling. The 

temperature difference causes heat exchange between fire (Tf) and structural material 

and heat flow per unit area q (W/m2) is calculated with Equation 10. Here, h (W/m2K) 

is the convective heat transfer coefficient and is generally taken as 25 W/m2K for 

most of the fire exposed structural elements (Eurocode 3: Part 1-2, 2005).  

ή Ὤ Ὕ Ὕ        

                    (10) 

 

3.3. Radiation 

Radiation is the heat transfer between fire (hot gas) and structural material or 

sometimes between two structural materials. The heat is transferred with electromag-

netic waves (Buchanan, 1999:52). Radiation is the most important heat transfer pro-

cess for fire engineering because at high temperatures, radiation dominates over other 

heat transfer modes. Heat flow via radiation is calculated with Equation 11, where 

the temperature is in Kelvin. Here, ů is 5.67x10-8 W/m2K4 (Stefan ï Boltzmann con-

stant) and Ů is the resultant emissivity. Resultant emissivity is assumed as ‐ πȢχ for 

steel and concrete materials ((Eurocode 3: Part 1-2, 2005, Eurocode 2: Part 1-2, 

2004).  

ή • ‐ „ Ὕ Ὕ                         (11) 

 



T¿rkiyeôdeki ¦niversitelerde Yangēn M¿hendisliĵi M¿fredat Programē 

37 

3.4. Lumped Mass Method  

Calculating the temperature distribution within the structural member is ana-

lytically cumbersome and numerically computer extensive. If only the average tem-

perature of the structural member is sought, the calculation can be simplified using 

ñLumped Mass Methodò, where the structural member is seen as one single point 

which receives heat per unit time (Q) from fire from its fire exposed surface (Am). 

Equation 12 shown the heat intake of the structural member per area and per unit 

time (Selamet, TBE: 51). The heat intake causes the structural memberôs temperature 

to increase according to Equation 13. Here, V is the volume of the structural section, 

Am is the fire exposed surface and  is called the section factor. The temperature 

increase æT is calculated at each time step æt. Figure 6 illustrates this idealization. 

Lumped mass method is more suitable for steel and other highly conductive structural 

materials. For concrete material, the cross-sectional temperature distribution will 

vary significantly and therefore calculating an average temperature might not be suf-

ficient.  

ὬὝ Ὕ ‐„Ὕ Ὕ                          (12) 

ЎὝ  
 
 Ὤ Ὕ Ὕ ‐„Ὕ Ὕ  Ўὸ                       (13) 

 

 

Figure 6: Illustration of lumped mass method used for a steel profile 
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4. FIRE RESISTANCE OF STRUCTURES 

In fire engineering calculations, the first step is to design the fire scenario, then 

estimate the average temperature increase and the temperature distribution in the 

cross section of structural members and finally to calculate fire induced forces and 

moments created due to fire exposure of the structural system.  

 

4.1. Thermal Strain 

Thermal strain (‐ ) is the change in material length when the material is 

heated or cooled. It is called as free strain, because it does not create (mechanical) 

stress. Thermal strain depends on the thermal expansion coefficient ‌ (1/ÁC and 

average temperature increase (ЎὝ) as in Equation 14. ‌ of steel and concrete are 

taken as 1.2x10-5 1/oC and 1.0x10-5 1/oC, respectively.  

 

‐ ‌ ЎὝ                               (14) 

 

4.2. Thermal Gradient 

Temperature in a structural memberôs cross section is either uniformly distrib-

uted or non-uniformly distributed. Non-uniformly distributed temperature has a sig-

nificant effect on the fire performance of a structural member. To account of such 

temperature distribution, thermal gradient concept T,y is used. A structural member 

can undergo an average temperature increase ЎὝ which causes elongation and ther-

mal gradient T,y which creates bending deformation. 

 

4.3. Structural Analysis of Restrained Members 

Structural members in a structural system can be fully restrained, partially re-

strained or unrestrained in axial direction or in rotation at member ends. Depending 

on the degree of restraint boundary conditions, axial force and moment are induced 

in members during fire. Figure 7 illustrates a structural column member in a frame 

under both axial (ks1 and ks2) and rotational (kr1 and kr2) restraints at both ends.  

 

4.3.1. Axial restraint 

The thermally induced axial force P due to restraints on member ends is cal-

culated as follows, where EA/L is the axial stiffness of the structural member:  
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                (15) 

 

 

Figure 7: Partially Restrained Column Member (Red) in a Structural System of 3-

Story and 2-Bay Frame (Selamet, CE549 Course Lecture Notes) 

 

Simple capacity calculations can be performed to calculate the critical temper-

ature (Ὕ ) of structural members under axial restraint. Critical temperature gives the 

failure temperature of the structural member. Members are categorized either slender 

or stocky and they are assumed to have elastic-perfectly plastic behavior. Slender 

members will fail from Euler-buckling while stocky members are expected to reach 

full yielding („) of the cross section. The critical temperature of slender and stocky 

members are calculated according to Equation 16 and Equation 17, respectively. 

Here, the members are assumed to remain straight. Here, k is the buckling coefficient, 

which depends on the rotational restraint boundary conditions. Figure 8 illustrates 

how Tcr depends on the slenderness ratio ‗ ὒȾὍȾὃ and degree of axial restraint 

ks.  

Ὕ
 
ρ  Ⱦ                                   (16) 
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Ὕ
  Ⱦ

 
                             (17) 

 

 

Figure 8: Tcr of slender cross sections with varying degree of axial restraint 

 

4.3.2. Rotational restraint 

Thermal gradient causes thermal curvature ‖ in the cross-sectional depth d due 

to thermal strain difference between the cold and hot region as shown in Equation 

18. This difference over the cross section creates thermal bowing (bending) in the 

structural member. If the member is rotationally unrestrained (i.e. pinned), such 

bending does not create any bending moment, it only creates thermal (stress free) end 

rotation — (Equation 19). For rotationally restrained members however, depending 

on the degree of restraints kr1 and kr2, member end moments M1 and M2 along the 

structural member can be calculated using the beam-slope deflection method as in 

Equation 20, where the member end rotations — and — can be estimated with rather 

cumbersome Equation 21. 

hot coldT T

d

a a
k

-
=

                  (18) 

—  ‌                 (19) 

1 1 22 (2 )
EI

M
L
q q= -             

2 2 12 (2 )
EI

M
L
q q= -            (20) 
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Ⱦ Ⱦ

Ⱦ Ⱦ Ⱦ

 

            (21) 

Bending capacity of structural members generally depends on the plastic mo-

ment resistance Mp about the plastic neutral axis PNA as shown in Equation 22. Since 

each layer in the cross section (see Figure 9) has a different temperature, the yield 

stress is reduced by ky according to Eurocode 3: Part 1-2 (2005). Once, the moment 

capacity is estimated, the critical temperature of the member Tcr can be found.    

, ,p y i i PNA y iM A y ks= ä      (22) 

 

 

Figure 9: Illustration of the plastic moment resistance (Mp) calculation of an I-sec-

tion where the section is heated from the bottom 

 

4.4. Structural Analysis of the Entire Structure 

Previous section estimated the axial force and moment demand on the heated 

structural member in a system with axial and rotational restraints. In order to estimate 

the effect of fire on the entire structure, it is necessary to solve simultaneous equa-

tions in matrix form (i.e. by using direct stiffness method or finite element method). 

For such analysis, simple hand calculations are not possible, hence commercial nu-

merical software such as Abaqus and Ansys can be utilized. This procedure can in-

volve material and geometric nonlinearity as well.  
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5. EGRESS 

Safe egress is assumed to be achieved if RSET (i.e. time taken to reach safety) 

is sufficiently shorter than ASET, which defines the time when fire conditions within 

the building become untenable. Hydraulic model (SFPE ) 

 

 

Figure 10: Egress time components 

 

6. CONCLUSION 

This paper gives a framework of a fire engineering design course which covers 

most of the fundamental theoretical knowledge for fire engineering principles such 

fire growth and heat transfer to structural fire design. Without having a good under-

standing of these concepts, fire engineering practice cannot improve in Turkey. 
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NANOSEL¦LOZ BAZLI POLĶESTER KOMPOZĶTLERĶN 

¢EKME DAYANIMLARININ ĶNCELENMESĶ 

Assoc. Prof. Dr. Bayram POYRAZ 

D¿zce ¦niversitesi 

¥ZET: Son zamanlarda, biyopolimerler b¿y¿k ilgi gºrmektedir. En ­ok 

kullanēlan biyopolimerlerden biri ise sel¿lozdur. ɓ-1,4 anhidro glukoz mono-

mer birimlerinden oluĸan sel¿loz, liflendirilmiĸ sel¿loz, krisal sel¿loz ve bak-

teriyel sel¿loz olmak ¿zere 3 t¿re ayrēlēr. Bu t¿rler arasēnda y¿ksek en/boy 

oranē, esneklik kabiliyeti ve daha g¿­l¿ tutunma ºzelliklerinden dolayē liflen-

dirilmiĸ sel¿loz (CNF) diĵer sel¿loz t¿rlerine gºre daha fazla ilgi ­ekmiĸtir. Bu 

nedenle, 3 boyutlu yazēcēlardan elektronik filmlere kadar pek ­ok yerde kulla-

nēlmaktadēr. Kompozit end¿strisinde, termoset kompozit elde etmek i­in en ­ok 

kullanēlan matris t¿r¿ doymamēĸ poliesterlerdir. Fakat, petrol kaynaklarēndan 

elde edilmesinden dolayē doymamēĸ poliesterlerle ilgili ­evresel kaygēlar bu-

lunmaktadēr. Bu nedenle bu ­alēĸmada, nanolifli sel¿loz (CNF)'un doĵal kay-

naklardan elde edilmesinin ardēndan, farklē oranlarda CNF i­eren poliester 

kompozitler ¿retilmiĸtir. Bu ama­la doymamēĸ poliester, CNF ile farklē oran-

larda karēĸtērēlarak elde edilmiĸtir. Sonrasēnda elde edilen kompozitlerin meka-

nik ºzellikler, Universal test cihazē ile incelenmiĸtir. 

Anahtar Kelimeler : CNF, PE, Tensile Strength 

 

Investigation of Tensile Strength of Nanocellulose Based  

Polyester Composites 

 

ABSTRACT:  Lately, biopolymers have been attracted much interest. 

One of  the most used biopolymers is cellulose. Cellulose, consisting of B-1,4 

anhydroglucose monomer units, is divided three main types which is fibrillated 

cellulose, crystalline cellulose, and bacterial cellulose. Of them, fibrillated cel-

lulose having nano scale has attracted much interest as it exhibits a higher as-

pect ratio, more flexibility and stronger interfacial adhesion than other types. 

Thus, they have been used in many applications ranging from 3D bioprinting 

to electronic film. In the composite industry, most used matrix types are unsa-

turated poliesters (UPs) for obtaining thermosetting materials. However, there 

has been some environmental concern regarding UP composites due to the fact 

that obtaining from petroleum sources. In the study, CNF based polyester com-

posites were fabricated, after followed production of CNF from national sour-

ces. For that purpose, ortho phtalic based unsaturated poliester resin were 
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mixed with CNF in different ratios (0.5%, 1% and 1.5%). Afterward, chemical, 

and mechanical properties were then investigated with FT-IR, and Universal 

Testing Machine. 

It was determined that CNF has influenced tensile strength value in the 

composites. CNF based composites revealed a various of properties for use in 

the applications. 

Keywords: CNF, PE, Tensile Strength 

 

 

1. GĶRĶķ  

Kompozit malzemeler, mekanik ve fiziksel a­ēdan kompakt ºzelliklere sahip 

olabilmesinden dolayē g¿n¿m¿zde elektronik devrelerden akēllē malzemelere, robo-

tik end¿strisinden 3 boyutlu yazēcēlara kadar pek ­ok yerde kullanēlmaktadēr. (Ric-

hard 2010: 1939; Rosendahl 2019: 32; Jayamol G, 2004:1471). Yaygēn olarak kulla-

nēlan kompozit t¿rlerinden biri de polimer matrisli kompozitlerdir. (Callister ve 

Rethwisch 2013:626).  

Polimer matrisli kompozitlerin temel bileĸeni re­inelerdir. En ­ok kullanēlan 

re­inelerden biri, kolay iĸlenebilmeleri, y¿ksek yalētkan ºzellik gºstermeleri, hēzlē 

­apraz baĵ oluĸturabilmeleri ve ekonomik olmasē nedeniyle ortoftalik bazlē doyma-

mēĸ poliesterlerdir (Deans ve Schiraldi  2014:2825). Bu temel bileĸenler dahilinde, 

literat¿rde deĵiĸik ama­lar i­in farklē bileĸimlere sahip bir­ok kompozit malzemenin 

¿retildiĵi gºr¿lmektedir. Markovich ­alēĸmasēnda, %1,5 oranēnda benzoil peroksit 

baĸlatēcēsē kullanarak izoftalik bazlē UP (doymamēĸ poliester) kompozitleri ¿retmiĸ-

lerdir. (Marcovich 2009: 639). ¦retilen kompozitin eĵilme dayanēmēnē 85,5 MPa, 

eĵilme E-mod¿l¿n¿ ise 3,7 GPa olarak belirlemiĸlerdir. Isa vd. UP re­inesinin %5,0ôi 

oranēnda DOP (Dioktil fitalat) karēĸtērarak ¿rettikleri kompozitlerde, polimerleĸme-

nin saĵlanmasē i­in, %2 oranēnda baĸlatēcē (MEKP) ve %2 oranēnda kobalt oktoat 

ilave edilmiĸtir. (Isa  2013:217). 

Kompozitin ­ekme dayanēmēnē, 40 MPa, elastikiyet mod¿l¿n¿ ise 2,4 GPa ola-

rak bulmuĸlardēr. UP re­inelere takviye malzemelerin eklenmesi sonucunda da kom-

pozit ¿retimleri ger­ekleĸmektedir.  

Kompozit malzemelerde mekanik geliĸtirebilmek adēna inorganik ve organik 

dolgu malzemeleride kullanēlmaktadēr. Bu malzeme t¿rlerinin lifli t¿rleri daha yay-

gēn kullanēlmaktadēr. (Xanthos 2005:1). 

Dolgunun tipine baĵlē olarak kompozit malzemenin ºzellikleri deĵiĸtirilebil-

mektedir. Lifli dolgularla erime viskozitesi artēĸ gºsterirken, termal geniĸleme ve ka-
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lēpta daralma ºzelliklerinde ise azalma gºr¿lebilmektedir.  Fakat, bu inorganik poli-

merlerin ­evre ile uyumlu olmadēĵē gºr¿lm¿ĸt¿r. Bu nedenle hem inorganik malze-

meler hem de petrol bazlē malzemelerin kullanēmēnda azalma gºr¿lmeye baĸlamēĸtēr. 

Bu nedenle doĵada ­ºz¿nebilen biyopolimerler akademik araĸtērmalarda yoĵun ilgi 

gºrmeye baĸlamēĸtēr.  En ­ok kullanēlan biyopolimerlerden biride sel¿lozdur. ɓ 1-4 

anhidro glukoz monomer birimlerinden oluĸan sel¿loz, nano liflendirilmiĸ sel¿loz, 

nano krisal sel¿loz ve bakteriyel sel¿loz olmak ¿zere 3 t¿re ayrēlēr. Bu t¿rler arasēnda 

y¿ksek en/boy oranē, esneklik kabiliyeti ve daha g¿­l¿ tutunma ºzelliklerinden do-

layē liflendirilmiĸ sel¿loz diĵer sel¿loz t¿rlerine gºre daha fazla ilgi ­ekmiĸtir. Bu 

nedenle ­alēĸmada farklē oranlarda nano lifli sel¿loz i­eren PE bazlē kompozitler ¿re-

tilmiĸtir. Sonrasēnda ¿retilen kompozitlerin ­ekme dayanēmlarē incelenmiĸtir. 

 

2. MATERYAL VE METOD  

Doymamēĸ poliester re­ine t¿rleri olarak ortoftalik (1,12 g/cm3 , %66 katē i­e-

riĵi, Polipol 3562-SR), kullanēlmēĸtēr. Polimerleĸme i­in gerekli baĸlatēcē olarak, me-

til etil keton peroksit (MEKP) (Akperox ER 59), katalizºr olarak da kobalt oktaoat 

(Akkobalt RC88) kullanēlmēĸtēr. ¢alēĸmada %1 oranēnda katalizºr ve baĸlatēcē kulla-

nēlarak numuneler hazērlanmēĸtēr. 

Polimerleĸme reaksiyonu, oda sēcaklēĵēnda ve ¿­ aĸamada ger­ekleĸtirilmiĸtir. 

Birinci aĸamada re­ine, katalizºr ve baĸlatēcē, ēsētēcēlē manyetik karēĸtērēcēda etkileĸ-

tirilmiĸtir. Bu ama­la, ortoftalik re­ineleri cam behere alēnmēĸ ve ¿zerine farklē oran-

larda CNF ilave edilmiĸ ve 500 rpmôde 1 dk karēĸtērēlmēĸtēr. Elde edilen numuneler 

25cm*45cm*4mm ebatlarēnda cam kalēplara dºk¿m yapēlmēĸtēr. Re­ine karēĸēmlarē 

cam levhaya dºk¿ld¿kten sonra, ISO 291ôe gºre 20Ñ2ęCôde 4 saat bekletilmiĸtir. Ka-

lēptan ­ēkarēlan levha ĸeklindeki numuneler yapēlacak analizin ihtiyacēna gºre lazer 

kesim cihazēyla standartlara uygun boyutlarda kesilerek ­ekme dayanēmē deneyleri 

ger­ekleĸtirilmiĸtir. Bu ama­la %0.5, 1 ve 1.5 oranlarēnda CNF i­eren numuneler 

hazērlanmēĸtēr. 

 

3. SONU¢LAR VE TARTIķMA 

Nanosel¿lozun, poliester kompozitlerin ­ekme dayanēmlarēnē ne oranda etki-

lediĵini incelemek amacēyla ger­ekleĸtirilen ­alēĸmadaki ­ekme deneyi sonu­larēnē 

gºstermek amacēyla sel¿loz i­ermeyen (PE) ºrnek ile birlikte, % 0.5 sel¿loz i­eren 

PE+0.5CNF,  %1 i­eren PE+1CNF ve %1.5 i­eren PE+1.5CNF ºrnekleri olmak 

¿zere  4 numuneye ait olan ­ekme dayanēmē sonu­lar ķekil 1'de verilmiĸtir.  
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ķekil 1 . Nanosel¿loz bazlē poliester kompozitlerin ­ekme dayanēmē deĵerleri 

 

ķekil 1 incelendiĵinde,  katkēsēz poliester kompozitin deĵeri 32,4 MPa iken, 

% 0.5 katkēlē olan PE+0,5 CNF i­in bu deĵer  %16,7 artēĸ gºstererek 37,82 MPa 

olmuĸtur. %1 oranēnda CNF ilaveli PE+1CNF kompozit i­in ­ekme dayanēmē deĵeri 

%22 artēĸ gºstererek en y¿ksek deĵer olan 39,6 MPa olmuĸtur. PE+1,5CNF kompo-

zitinde ise % 16,3 artēĸ ile 37,7 MPa olmuĸtur. 

Genel olarak deĵerler incelendiĵinde CNF ilavesiyle ­ekme direncinin artēĸ 

gºzlendiĵi gºr¿lm¿ĸt¿r. Katkēlama oranlarē incelendiĵinde ise en y¿ksek artēĸ % 1 

ilavesinde gºr¿l¿rken, %0.5 ve %1.5 deĵerlerindeki artēĸlar genel anlamda birbirle-

rine yakēn deĵerlerde olmuĸtur.  

¢alēĸmada CNF'nin 3 boyutlu aĵ yapēsēnēn kompozitteki mikro boĸluklarē ka-

pattēĵē ve gerilim aktarēmēnē saĵlamasē nedeniyle ­ekme dayanēmlarē deĵerlerinde 

belirgin bir atēĸēn gºzlendiĵi gºr¿lm¿ĸt¿r.  
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D¿zce ¦niversitesi 

¥ZET: Polimitler y¿ksek mekanik ve termal ºzelliklerinden dolayē ¿s-

t¿n ºzelliklere sahip olan polimerik malzemelerdir. Bu nedenle, film ve yalētēm 

malzemesi olarak pek ­ok end¿stride y kullanēlmaktadēr. Ķnorganik dolgular ise 

pek ­ok uygulamada polimerlerin i­ine ilave edilmektedir. Bunlar arasēnda si-

likalar d¿ĸ¿k maliyette ¿retime sahip olduklarē i­in yoĵun bir ĸekilde kullanēl-

maktadēr. Bu ­alēĸmada polimidin kimyasal ºzellikleri ¿zerine, gºzenekli silika 

etkisi araĸtērēlmēĸtēr. Bu nedenle farklē oranlarda Si i­eren Pi-silika kompozitler 

in-situ yºntemiyle hazērlanmēĸtēr. Ardēndan kimyasal ºzellikleri FTIR ciha-

zēyla belirlenmiĸtir. ¢alēĸma sonucunda Pi-silika kompozitlerinde bazē kimya-

sal deĵiĸimler gºzlenmiĸtir. 

Anahtar Kelimeler:  Pi, Si, FTIR 

 

Investigation of Chemical Properties of Si Based Pi Composites 

 

ABSTRACT: Polyimides are of great polymeric material because of 

the superior mechanical and thermal properties. Thus, they are used in various 

industries as film, adhesive and insulator material for high-performance appli-

cations. Inorganic fillers have been added into the polymers in many applicati-

ons. Of these, silica particles have been extensively used since they offer cost-

effective production. In the present study, the influence of mesoporous silica 

on the chemical properties of polyimide was investigated. For that reason, the 

produced Pi/mesoporous silica composites were prepared by in situ polymeri-

zation having different mesoporous silica content. Afterward, chemical charac-

terization was determined with FTIR. It was seen that some shifts were obser-

ved in the Pi/silica composites. Si-based Pi revealed minor chemical alteration 

over the Pi. 

Keywords: Pi, Si, FTIR 
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1. GĶRĶķ 

Dianhidritler ile diaminlerin reaksiyonundan sentezlenen poliimitler y¿ksek 

mekanik ve termal ºzelliklere sahip polimerik malzemelerdir. Bu ºzelliklerinden do-

layē uzay, otomotiv ve elektronik end¿strisinin y¿ksek performans gerektiren uygu-

lamalarēnda film ve yalētēm malzemesi olarak sēklēkla kullanēlmaktadēr. (Ghosh M ve 

Mittal K 1996:52; Bogert MT ve Renshaw RR, 1908:1135). 

Kompozitlerin mevcut ºzelliklerin geliĸtirilmesi ¿zerine ­alēĸmalar artarak de-

vam etmektedir. Bu nedenle karbon siyahē, alumina, titanyum, silika ve lifler kulla-

nēlarak poliimit polimerlerin ºzellikleri geliĸtirilebilmektedir  ( Bae WJ, 2016:124; 

Wu J, 2005:73). Fakat bu inorganik dolgular arasēnda silikalar, daha d¿ĸ¿k maliyete 

sahip olmalarēndan dolayē pek ­ok uygulamada kullanēlmaktadēr (Ma J, 2016:538). 

Kalēba dayalē, kendinden yerleĸen, eritme, sol-jel ve in-situ yºntemleri gibi 

farklē yºntemlerle inorganik-organik hibrit  kompozitleri elde edilmektedir. Bu yºn-

temler arasēnda in-situ polimerizasyonu, uygulanabilirliĵinin daha kolay olmasēndan 

dolayē diĵer yºntemlerin ºn¿ne ge­miĸtir (Demir M, 2006: 763).  

Fakat polimerler ile inorganik dolgu malzemelerinin farklē kimyasal ºzellik-

lere sahip olmasēndan dolayē, uyumsuzluk problemleri olabilmektedir ( Tsai MH, 

2011:5238). Bu problemlerin ºn¿ne ge­mek i­in farklē fonksiyonel gruplarē b¿nye-

sinde bulundurabilmesinden dolayē organosilan bazlē kimyasal maddeler baĵlayēcē 

olarak inorganik-organik hibrit kompozit ¿retiminde  kullanēlmaktadēr.  

Bu ­alēĸmada silika bazlē polimit, organosilan kulanēlarak sentezlenmiĸ ve 

sonrasēnda kimyasal yapēlarē FTIR cihazē ile karakterize edilmiĸtir. 

 

2. MATERYAL VE METOD  

2.1. Modifiye Silika ¦retimi 

¢alēĸmada ºncelikle silika hazērlanmēĸtēr. Bu ama­la setrilamonyum brom¿r, 

0.19 M NaOH i­erisinde ­ºz¿nd¿r¿lm¿ĸt¿r. Sonrasēnda i­erisine 0,01 mol, 4ml tet-

raetoksisilan ilave edilerek 1 saat oda sēcaklēĵēnda karēĸtērēlmēĸtēr. Ardēndan polipro-

pilen kaba aktarēlarak 40ÁC de kurutulmak i­in et¿vde bekletilmiĸtir. Sonrasēnda  0.6 

g 3-glisidiloksi trimetoksisilan ilave edilerek 15 dk ultrasonik su banyosunda karēĸ-

tērēlarak silikanēn modifikasyonu saĵlanmēĸtēr.   

 

2.2. Pi-Si Polimerlerin Sentezi 

Elde edilen modifiye silikadan 1 g alēnarak, ºnce 4,4' oksidianilin ile sonra-

sēnda 20 ml N,N metilasetamid varlēĵēnda 5 dk ultrasonik banyoda karēĸtērēlmēĸtēr. 
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Ardēndan ise 8 g 3,3',4,4' oksidiftalik anhidrit eklenerek oda sēcaklēĵēnda 60 dk ka-

rēĸtērēlmēĸtēr. Son aĸamada poliamik asit  ¿retimi i­in 5 ml toluen, 5 ml trietilamin 

eklenmiĸ ve sonrasēnda 1 saat etkileĸtirilmiĸtir. Elde edilen ¿r¿n 1000 rpm de kris-

talleĸtirilerek, 70 Õm boyutlara getirebilmek i­in agatta dºv¿lm¿ĸ ve sonrasēnda 80 

ÁC de 24 saat kurutulmuĸtur.  

Elde edilen numuneler silika i­ermeyen Pi olarak silika i­erenler ise Pi+5Si, 

Pi+10Si ve Pi+15Si olarak isimlendirilmiĸtir. 

 

2.3. Karakterizasyon 

¢alēĸmada ¿retilen Pi bazlē Silikalarēn kimyasal karakterizasyonunu ger­ek-

leĸtirmek amacēyla Fourier Transform Infrared Spectrometre (FTIR) cihazē kullanēl-

mēĸtēr. Bu ama­la numuneler toz haline getirildikten sonra, analiz 4000-600 cm-1 ara-

lēĵēnda  4cm-1 ­ºz¿n¿rl¿ĵ¿nde 20 tarama ile ger­ekleĸtirilmiĸtir. 

 

3. SONU¢LAR VE TARTIķMA 

Pi-Si inorganik hibrit kompozitlere (Pi, Pi+5Si, Pi+10Si ve Pi+15Si) ait FTIR 

spektrumlarē ķekil 1 de verilmiĸtir.  

 

ķekil 1. Pi, Pi+5Si, Pi+10Si ve Pi+15Si  numunelerinin spektrumlarē 
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ķekil 1 incelendiĵinde, 3483 cm-1 de gºzlenen C-OH gerilme titreĸimlerinin 

silika ilavesiyle azaldēĵē gºzlenmiĸtir. Bu durum silika y¿zeyinde bulunan hidroksil 

gruplarēnēn kendi aralarēnda yada diĵer organosilan ile reaksiyona girdiĵini gºster-

mektedir. Ķmide ait olan C=O asimetrik ve simetrik gerilme titreĸimi sērasēyla 1776 

cm-1 ve 1714 cm-1 de gºr¿lm¿ĸt¿r. Ķlaveten silika ilavesiyle daha y¿ksek dalga sayē-

sēna kayan C-N eĵilme titreĸimi 1368 cm-1 and 735 cm-1 de gºr¿lm¿ĸt¿r.  

Poliamik asite ait olan karbonil (amid I) grubuna ait titreĸimler 1650 cm-1 de 

gºzlenirken, amid II titreĸimleri ise spektrumda  1540 cm-1 de gºzlenmemiĸtir. Bu 

durum poliamik asitin polimide dºn¿ĸt¿ĵ¿n¿ gºstermektedir.  

Genel olarak yoĵun ĸekilde 1000 cm-1-1200 cm-1  aralēĵēnda gºr¿len Si-O-Si 

titreĸimleri, o bºlgedeki C-O-C asimetrik ve simetrik gerilme titreĸimleri ile ­akēĸtē-

ĵēndan gºr¿lememiĸtir.  

Sonu­ olarak molek¿ler anlamda absorpsiyona baĵlē titreĸimler incelendiĵi, 

OH gerilmesinin, silika i­eriĵinin artmasēyla azaldēĵē, poliamik asitten ama­lanan 

poliimidin sentezlendiĵi, C=O ve C-N titreĸimlerinde minimal kaymalarēn gºzlen-

diĵi ve Si-O-Si titreĸimlerinin C-O titreĸimleri ile ­akēĸtēĵē gºr¿lm¿ĸt¿r. 
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ROBOTĶK ¢OK KATLI OTOPARKLARDA 

KULLANILAN FARKLI SPRĶNKLER YANGIN 

S¥ND¦RME SĶSTEMLERĶNĶN SĶM¦LASYON BAZLI 
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Res. Assist. Burak AYVA 

Iĸēk ¦niversitesi 

¥ZET: ķehir merkezlerindeki n¿fus yoĵunluĵunun giderek artmasēna 

paralel olarak ĸehirlerdeki otopark ihtiyacē artmēĸ ve hacim/otomobil oranēnē 

d¿ĸ¿rebilmek amacēyla robotize ­ok katlē otoparklar kullanēma a­ēlmēĸtēr. Te-

melde bir asansºr/raf tipi otomobil istifleme robotu olarak tanēmlanabilecek bu 

sistemlerde otomobiller yatay ve dikey eksenlerde istiflenmekte ve otomobiller 

arasē mesafe her iki eksende de 1 metreden az olabilmektedir. Bu durum her-

hangi bir otomobilde ­ēkabilecek bir yangēnēn yandaki ve ¿stteki otomobillere 

sē­rama olasēlēĵēnē arttērmakta ve yangēn g¿venliĵi bakēmēndan y¿ksek risk ba-

rēndērmaktadēr. Bu sim¿lasyon bazlē ­alēĸmada, ¿lkemizdeki robotize ­ok katlē 

otopark sistemlerinde kullanēlan sprinkler sistemlerinin yeterliliĵi ve gerekli-

liĵi farklē K faktºr¿ ve aktivasyon sēcaklēĵēna sahip sprinkler tipleri i­in karĸē-

laĸtērēlmalē olarak incelenmiĸtir. Zamana baĵlē yangēn y¿k¿, ¿lkemizdeki mev-

cut otomobil filosu gºz ºn¿ne alēnarak belirlenmiĸ olup sprinkler sistemlerinin 

davranēĸē Fire Dynamics Simulator (FDS) yazēlēmē ¿zerinde modellenmiĸtir. 

Sim¿lasyon sonu­larē incelendiĵinde, sprinkler yangēn sºnd¿rme sisteminin 

mutlaka kullanēlmasē gerektiĵi, sprinkler performansēnēn K faktºr¿ ile doĵru 

orantēlē olduĵu; aktivasyon sēcaklēĵē ile arasēnda belirli bir iliĸkinin olmadēĵē ve 

yanmakta olan otomobilin ºn ya da arka camlarēndan herhangi birinin sēcaklēk 

nedeniyle kērēlēp kērēlmamasēnēn yangēnēn sºnd¿r¿lmesinde kilit rol oynayacaĵē 

ortaya ­ēkmēĸtēr.  

Anahtar Kelimeler: Ara­ Yangēnē, Yangēn G¿venliĵi, FDS, Robotik 

Otopark, Sprinkler 

 

Simulation-Based Benchmarking of Fire Sprinkler Systems in  

Automated Multistorey Car Parking Systems 

 

ABSTRACT:  Overpopulation of the city centers has led to an increase 

in the demand for car parks. For this purpose, automated multi-storey car parks 

were implemented in order to reduce volume/parking lot ratio. Automated 

multi-storey car parks are stacking robots that stack the cars on horizontal and 
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vertical axis which can lower the space between the cars to less than 1 meters 

on both axes. This heightens the possibility of the fire spreading from a single 

car to the cars around or/and above it; hence, this situation possesses high risks 

in terms of fire safety. In our simulation-based study, we investigated the per-

formance and necessity of the fire sprinkler systems used in automated multi-

storey car parking systems in Turkey. Various types of fire sprinkler systems 

having different K-factors and activation temperatures were analyzed compa-

ratively. Time-dependent fire load was determined considering the current pas-

senger car fleet in Turkey. The performance of fire sprinkler systems was mo-

delled using Fire Dynamics Simulator (FDS) software. As a result, the FDS 

simulations revealed that installation of fire sprinkler systems on automated 

multi-storey car parks is a necessity. Furthermore, the sprinkler performance is 

directly proportional to the K-factor, while being not proportional to the acti-

vation temperature. Finally, it was revealed that a key factor for fire extinguis-

hing of a burning car is whether the front or rear window was broken due to 

high temperature. 

Keywords: Car Fire, Fire Safety, FDS, Automated Carpark, Sprinkler 

 

 

1. GĶRĶķ 

Kentlerdeki n¿fus yoĵunluĵundaki hēzlē artēĸ, ­arpēk kentleĸme ve otomobil 

sahipliĵi oranēnēn giderek artmasē beraberinde ulaĸēm ve trafik problemlerini getir-

miĸtir. Trafik yoĵunluĵunun yanēsēra otopark ihtiyacēnēn artmasē ĸehir merkezlerinde 

inovatif ­ºz¿mlerin geliĸmesini saĵlamēĸ ve robotik otoparklar geliĸtirilmiĸtir. Te-

melde bir lift-konveyºr sistemi olan bu otopark sistemleri, ara­larē yan yana ve ¿st 

¿ste yerleĸtirilmiĸ slotlara konveyºr ve asansºr sistemi aracēlēĵē ile yerleĸtiren maki-

nelerdir. Klasik bir kapalē otoparkta, menevra ve i­ ulaĸēm yollarē nedeniyle plan 

alanē ara­ sayēsē oranlarē 35 m2/otomobil seviyelerinde iken konveyºr ve asansºr 

sistemlerinden oluĸan robotik otoparklarda bu oran 2ôye kadar d¿ĸebilmektedir.ķu 

ana kadar her ne kadar belediyeler tarafēndan prestij projesi olarak gºr¿l¿p inĸa etti-

rilse de, nuf¿s yoĵunluĵunun giderek artmasē ve gelecek nesillerin otomobil sahipli-

ĵinden daha ­ok ĸehir i­i ulaĸēmda da ñkullandēĵēn kadar ºdeò modeli ¿zerinden ara­ 

kiralamaya yºnelmesi bu tip kompakt robotize otopark yapēlarēna olan gereksinimi 

arttēracaktēr.  

Bu tip robotize otopark sistemlerinde taĸēyēcē sistem olarak ­elik malzeme kul-

lanēlmaktadēr. Bunun temel nedeni, m¿hendislik bakēmēndan ­elik par­a imalatēnda 

hassasiyetin daha y¿ksek olmasēdēr ve bu t¿r otopark yapēlarē hassas mekanizmalar 

i­ermektedir. Ancak ­elik malzeme kullanēmē, ­eliĵin doĵasē gereĵi yangēn sonucu 

meydana gelecek gº­me riskini arttērmaktadēr. Her ne kadar ­elik yapē elemanlarē 
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i­in pek ­ok yangēn yalētēm metodu bulunsa da i­inde ara­ liftlerinin, konveyºrlerin 

ve pek ­ok farklē mekanizmanēn hareket halinde olduĵu bir yapēda taĸēyēcē sisteme 

yangēn yalētēmē uygulamak t¿m bu otopark makinesinin yeniden tasarlanmasēnē ge-

rektirmektedir. Malesef ĸuan ¿lkemizde bulunan robotik otopark sistemleri tasarēm 

aĸamasēndayken yangēn riskleri gºz ºn¿ne alēnmamēĸ, sonradan yangēn risklerine 

karĸē aktif yangēn ºnleyici sistemler yerleĸtirilmiĸtir. ķuan i­in robotik otoparklarda 

yangēn g¿venliĵi amacēyla sprinkler sistemi kullnēlmaktadēr. Tipine gºre deĵiĸmekle 

birlikte bir robotik otoparka 8 ile 650 otomobil park edilebilir. T.C. Balēkesir Bele-

diyesi i­in inĸa edilen robotik otopark 64, T.C. Ķzmir Adliyesi i­in tasarlanan robotik 

otopark ise 648 ara­ kapasitelidir. Bu kapasite deĵerleri tarafik m¿hendisliĵi bakē-

mēndan incelendiĵinde b¿y¿k bir avantaj; ancak yapēsal yangēn m¿hendisliĵi bakē-

mēndan incelendiĵinde muazzam bir risk anlamēna gelmektedir. ¥zellikle birden ­ok 

aracēn karēĸtēĵē otopark yangēnlarēnda, yangēn b¿y¿k ­oĵunlukla yandaki ya da ºn ve 

ya arkadaki ara­lara sē­rayarak geliĸmektedir. Nadiren Liverpool Otopark Yangē-

nēnda olduĵu gibi yangēnēn ¿st kattaki otomobillere sē­raĵē gºr¿lm¿ĸt¿r (BAFSA, 

2018:24). Ancak sºz konusu lift-konveyºr sistemli ­ok katlē otopark robotlarē oldu-

ĵunda, roboy yapē i­erisinde parklanmēĸ bir aracēn yanmaya baĸlamasē sonucu yangēn 

hem ¿st slottaki ara­lara hem de yan slotlardaki ara­lara kolayca sē­rayabilecektir. 

Klasik katlē otoparklardaki bir noktaya kadar yangēn duvarē vazifesi gºren betonarme 

kat dºĸemesinin robotik otoparklarda bulunmamasē ve hatta ara­larēn ¿zerinde bu-

lunduklarē zemin gºrevi gºren konveyºr tablalarēnēn ­elikten imal edilmesi yangēn 

sonucu meydana gelebilecek risklerin sayēsēnē ve yēkēcēlēĵēnē arttērmaktadēr. Hem 

akademik hem de m¿hendislik bakēmēndan yeni olan bu otopark konseptinin yangēna 

karĸē diren­liliĵi hen¿z yeteri kadar incelenmemiĸtir. ¥rnek vermek gerekirse BS 

7346-7:2013 Ķngiliz standartēnda kapalē otoparklar i­in hesaplamalarda kullanēlacak 

yangēn y¿kleri belirlenmiĸ ancak ­ok katlē robotik otopark sistemleri i­in bir deĵer 

yerine performans bazlē analizlerin yapēlmasē ºnerilmiĸtir (BS7346-

2:2013,2013:12). Performans bazlē analizler ileri seviyede akademik ve m¿hendislik 

altyapēsē gerektirmektedir. Bu ­alēĸmada T.C. BALIKESĶR BELEDĶYESĶ tarafēndan 

yaptērēlan ­ok katlē robotik otoparkēn tasarēmē temel alēnarak, her otomobil baĸēna 2 

adet sprinkler sisteminin yeterliliĵi ve sprinklerlerin aktivasyon sēcaklēklarē ile K fak-

tºrlerinin yangēnēn kontrol altēna alēnmasēndaki etkisi karĸēlaĸtērēlmalē olarak sayēsal 

yºntemlerle incelenmiĸtir. 

 

2. OTOMATĶK ¢OK KATLI OTOPARKIN TANITILMASI  

Bu ­alēĸmada T.C. BALIKESĶR BELEDĶYESĶ i­in inĸa edilen ­ok katlē robo-

tik otoparkēn mimari ºl­¿leri temel alēnmēĸtēr. Bu yapē ­elik taĸēyēcē sistem ¿zerinde 

­alēĸan 4 ara­ asansºr¿ ve asansºr baĸēna 8 saĵda ve 8 solda olmak ¿zere toplamda 
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64 otomobil park slotundan oluĸmaktadēr. Ara­ asansºr¿, yapēnēn giriĸ katēndan oto-

mobili alēr, park yapēlacak kata otomobili ­ēkartēr ve ¿zerindeki konveyºr sistem ara-

cēlēĵē ile otomobili park slotuna yerleĸtirir. Ara­ teslimi yapēlacaĵē zaman da bu s¿-

recin tersi uygulanēr. ķekil 1ôde Balēkesirôde hizmet etmekte olan robotik ­ok katlē 

otopark verilmiĸtir. Robot yapē yaklaĸēk 20 m y¿ksekliĵinde olup, yaklaĸēk 200 m2 

taban alanēna sahiptir. Sistemin park edilebilirlik performansē 3.125 m2/ara­ civarēn-

dadēr. Bu deĵer i­inde ulaĸēm yollarē buluna klasik ­ok katlē otoparklarda 30 m2/ara­ 

civarēna kadar ­ēkabilmektedir.  

 

 

ķekil 1: ¢ok katlē otopark robotu (T.C. BALIKESĶR BELEDĶYESĶ)  

(SANPARK, 2016) 

 

T.C. BALIKESĶR BELEDĶYESĶône ait olan robotik ­ok katlē otoparkē lift ve 

konveyºr sistemleri 3 fazlē 380 V elektrik ile beslenen elektrik motorlarēndan g¿­ 

almaktadēr. G¿venlik amacēyla park slotlarēnda ve lift sisteminde selonoid kilitler 

bulunmakta ve yangēn g¿venliĵine yºnelik her aracēn ºn ¿st ve arka ¿st¿ne denk 

gelecek ĸekilde ara­ baĸē ikiĸer adet sprinkler bulunmaktadēr. Ayrēca bu t¿rden oto-

parklar, tasarēmlarēē gereĵi yatayda ve dikeyde ºl­eklendirebilirler. Tablo 1ôde 100 

ara­ kapasiteli bir varyasyon i­in teknik ºzet bilgiler verilmiĸtir.   
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Tablo 1: T.C. BALIKESĶR BELEDĶYESĶ robotik ­ok katlē otoparkē teknik 

ºzet bilgileri (SANPARK,2019) 

Ara­ Kapasitesi/ Kaldērma 

Kapasitesi 
100 Adet 3000 kg 

Maks. Binek Ara­ Boyutu 600x230x175 cm 

Maks. SUV Ara­ Boyutu 600x230x215 cm 

Yatay Hareket 

Motor  Hēz 

3 kW 25 m/dk 

Dikey Hareket 

Motor  Hēz 

20-30 kW 50-100 m/dk 

Elektrik Beslemesi 3 Fazlē 380 V ï 50 Hz 

KW, kilowatt; Hz, hertz; V, volt; dk, dakika; m, metre; cm, santimetre; kg, 

kilogram;  

 

3. YANGIN GELĶķĶM EĴRĶSĶNĶN BELĶRLENMESĶ 

Bir yapēda yangēn sonucu meydana gelecek risklerin belirlenmesindeki ilk 

adēm ortaya ­ēkacak yangēn y¿k¿n¿n belirlenmesidir. Yanma olayē yanēcē bir mad-

denin belirli bir enerji eĸik deĵeri ¿zerine ­ēkmasē sonrasē i­inde bulunduĵu hacim-

deki oksijen ile reaksiyona girerek ēsē a­ēĵa ­ēkarmasē ve sonucunda yanēcē madde ve 

oksijenden farklē katē, sēvē ve gaz fazēndaki maddelerin oluĸmasēdēr. Yanma esna-

sēnda meydana gelen ēsē salēnēm hēzē ile yangēn geliĸim eĵrisi modellenebilir.Isē salē-

nēm hēzēnēn bulunmasēndaki en tutarlē yºntem yangēn deneyleri yapmaktēr. Literat¿r 

incelendiĵinde son otuz yēlda ­ok sayēda otomobil yangēn testi yapēldēĵē ve elde edi-

len ēsē salēnēm hēzlarēnēn ara­ tipine ve tasarēmēna gºre deĵiĸiklikler gºsterdiĵi anla-

ĸēlmaktadēr. ķekil 2ôde farklē kaynaklardan alēnan otomobil yangēn geliĸim eĵrileri 

bir arada gºsterilmiĸtir. Bir otomobil yangēnē 90 dakika kadar s¿rmekte, yangēn g¿c¿ 

8-9 MW seviyelerine kadar ­ēkabilmektedir. ķekil 2ôdeki yangēn geliĸim eĵrileri tek 

bir ara­ i­in olup, birden fazla aracēn karēĸtēĵē yangēnlarda ortaya ­ēkan yangēn geli-

ĸim eĵrileri yanan her aracēn yangēn geliĸim eĵrilerinin yanmaya baĸlama anlarēna 

gºre birbirlerine lineer eklenmesi ile tespit edilebilmektedir. 
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ķekil 2. ¢eĸitli otomobil yangēn testlerinden elde edilen yangēn geliĸim eĵrileri 

 

Otomobiller yanma sonucunda ortaya ­ēkaraklarē toplam enerji miktarlarēna 

gºre kategorilere ayrēlmaktadēr. Tablo 2ôde Fettah (2016:26) ve Mohd (2015:23) un 

otomobil yangēnlarē ¿zerine yaptēklarē ­alēĸmalar ºzetlenmiĸtir. Otomobiller yanma 

enerjisi kapasitelerine gºre 5 kategoriye ayrēlmakta ve bu kategoriler otomobil seg-

mentleri ile paralellik gºstermektedir. Otomobilin fiziksel b¿y¿kl¿kleri arttēk­a ge-

nel olarak yanmalarē sonucu ortaya ­ēkaracaklarē toplam enerji ve en y¿ksek yanma 

g¿c¿ seviyesi artmaktadēr. Bu 5 farklē kategori i­in ºnerilen yangēn geliĸim eĵrileri 

ķekil 3ôte verilmiĸtir.  
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Tablo 2. 1995-2000 Yēllarē Arasēnda ¦retilen Bazē Modellerin Kalorik Potan-

siyel Bakēmēndan Sēnēflandērēlmasē (Mohd, 2015:23) (Fettah, 2016:26:)  

¦retici Kategori 1 Kategori 2 Kategori 3 Kategori  4 Kategori 5 

Fiat Punto Bravo Tempra Croma Ulysse 

Renault Clio Megane Laguna Safrane Espace 

Wolkswagen Polo Golf Passat Phaeton Sharan 

Ford Fiesta Escort Mondeo Scorpio Galaxy 

Opel Corsa Astra Vectra Omega Frontera 

Citroen Saxo ZX Xantia XM Evasion 

Peugeot 106 306 406 605 806 

Toplam Enerji  

Kapasitesi  [MJ] 
6000 7500 9500 12000 12000 

En Y¿ksek Isē  

Salēnēm Hēzē [kW] 
5242 6553 8300 10448 10448 

Toplam K¿tle  

[kg] 
850 1000 1250 1400 1400 

Yangēn Sonrasē 

K¿tle Kaybē [kg] 
200 250 320 400 400 
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ķekil 3. Kalorik potansiyel bakēmēndan farklē kategoriler i­in yangēn geliĸim eĵri-

leri (Fettah vd., 2016:27) 

 

Balēkesirôdeki robotik katlē otoparkta ­ēkabilecek bir ara­ yangēnēnēn yangēn 

geliĸim eĵrisinin saptanmasē i­in ilk ºnce nasēl bir otomobilin yanacaĵē incelenmeli-

dir.  Bu nedenle T¿rkiyeôdeki ikinci el ara­ piyasasēnēn segmentlere gºre daĵēlēmē 

irdelenmiĸtir. 2019 yēlē i­in T¿rkiye ikinci el ara­ piyasasēnēn otomobil segmentlerine 

gºre daĵēlēmē ķekil 4ôte verilmiĸtir. T¿rkiyeôdeki otomobillerin b¿y¿k ­oĵunluĵunun 

C segment olduĵu, bunu sērasēyla B ve D segmentlerin takip ettiĵi gºr¿lm¿ĸt¿r 

(ODD,2019).   

 

 

ķekil 4. Mevcut T¿rkiye Ķkinci El Ara­ Piyasasēnēn Ara­ Segmentlerine  

Gºre Daĵēlēmē (ODD,2019) 
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ķekil 3ôteki daĵēlēm bir aracēn yanma ihtimalinin aracēn segmentinden baĵēm-

sēz olduĵu varsayēmē ile incelendiĵinde, bir ­ok katlē robotik otoparkta meydana ge-

lebilecek en kºt¿ yangēnēn D ya da E segment bir otomobilin yanmasē sonucu oluĸa-

caĵē anlamē ­ēkmaktadēr. F segment ara­lar yok denecek kadar az olmakla birlikte; E 

ve D segment kēyaslandēĵēnda D segment bir aracēn yanma ihtimali daha y¿ksek ola-

caktēr. Mohd (2015:54) kapalē otoparklardaki otomobil yangēnlarēnē otomobil seg-

mentlerine gºre incelemiĸ ve D segment ara­lar i­in Tablo 3ôte yer alan bilgileri ya-

yēnlamēĸtēr. Tablo 3ôteki bilgiler incelendiĵinde, D segment otomobil yangēnlarēnēn 

Tablo 2ôde verilen Kategori 3 ara­ yangēnlarēna daha ­ok benzerlik gºsterdiĵi anla-

ĸēlmaktadēr. Bu mantēk akēĸē sonucunda yangēn geliĸim eĵrisi olarak Kategori 3 ara­ 

yangēnē belirlenmiĸtir.      

 

Tablo 3. D Segment Otomobillerin Yangēn Testi Sonu­larē(Mohd, 2015:54) 

Deney 

No 

En Y¿ksek Isē 

Salēnēm Hēzē 

[kW]  

Toplam Enerji Ka-

pasitesi [MJ] 

Yangēn Sonrasē Toplam 

K¿tle Kaybē [kg] 

Ara­ K¿t-

lesi [kg] 

Yangēn Baĸlan-

gē­ Noktasē 

1 4073 6144 192 1380 S¿r¿c¿ koltuĵu 

2 8283 7000 255 1382 
ķanzuman ¢ev-

resi 

3 9854 6806 262 1454 
ķanzuman ¢ev-

resi 

4 3650 5960 186 1470 S¿r¿c¿ Koltuĵu 

 

4. FIRE DYNAMICS SIMULATOR (FDS) PROGRAMI VE MATEMA-

TĶKSEL MODELLERĶ 

Bu ­alēĸmada yangēn ve sprinkler davranēĸēnēn sim¿le edilmesi amacēyla FDS 

(Fire Dynamics Simulator) yazēlēmē PyroSim 2019 aray¿z programē ile birlikte kul-

lanēlmēĸtēr. FDS, komut satērlarē aracēlēĵēyla programlanan ve yangēn sim¿lasyonlarē 

i­in ºzel olarak geliĸtirilmiĸ bir hesaplamalē akēĸkanlar dinamiĵi yazēlēmēdēr. Py-

roSim ise FDSôin kullanēmēnē kolaylaĸtēran bir aray¿z programēdēr. Literat¿r incelen-

diĵinde FDS sonu­larē ile tam ºl­ekli yangēn deneyleri birbirlerine ­ok yakēn deĵer-

ler vermektedir (Qin vd., 2006:1208, Halada vd., 2012:215). FDS farklē zaman adēm-

larē i­in ­ºz¿m aĵēndaki her h¿crenin sēcaklēk, basēn­, ºzk¿tle, gaz hēzē, kimyasal 

kompozisyonu, reaksiyon hēzlarē ve y¿zeylerdeki ēsē transferlerini ­ºzmektedir 
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(McGrattan, 2013b:3). G¿ncel olarak 6. nesli kullanēlan FDS yazēlēmē temel olarak, 

s¿reklilik denklemini, momentum denklemini, enerji denklemini, kimyasal kompo-

zisyon denklemini ve eĸdeĵer basēn­ denklemini ­ºz¿m aĵēndaki her bir h¿cre i­in 

her zaman adēmēnda ­ºzer. Bu denklemler sērasēyla Denklem 1ôden 5ôe kadar veril-

miĸtir (McGrattan, 2013a:8-49): 

   

Ͻɳ”ό π       (1) 

 

Ͻɳ”ό ὴɳ ”Ὣ Ͻɳ†    (2) 

 

Ͻɳ”όὬ ϽɳὯɳὝ ή      (3) 

 

Ͻɳ”όὣ Ͻɳ”Ὀ ὣɳ ά     (4) 

 

ὴ ὸ ”ὝὙВ       (5) 

 

Denklemlem 1ôden 5ôe kadar, ” gazēn ºzk¿tlesini, p basēncēnē, † viskoz geri-

limi, h entalpiyi, T gazēn sēcaklēĵēnē, k ēsē iletim katsayēsēnē, u gazēn hēzēnē, g yer 

­ekimi ivmesini, t zamanē, R ideal gaz sabitini, D dif¿zyon katsayēsēnē, M molek¿ler 

aĵērlēĵē,  ά  birim hacimdeki k¿tle deĵiĸimi ve ή  birim hacimdeki yanma g¿c¿n¿ 

ifade eder. FDS, denklem 2ôden de anlaĸēlacaĵē gibi MACH sayēsēnēn k¿­¿k olduĵu 

akēĸlarda tutarlē sonu­lar vermektedir. Bu denklerim ­ºz¿m¿nde zamana gºre akēĸ 

parametreleri a­ēk ­ºz¿ml¿ ikinci dereceden Runge-Kutta yºntemiyle g¿ncellen-

mektedir (McGrattan, 2013a:141). Bu ­alēĸmada t¿rb¿lans, Smagorinsky modeli kul-

lanēlarak LES (large Eddy Simulation) yºntemi ile ­ºz¿lm¿ĸt¿r. Zaman adēmē se­i-

minde, kullanēlan ­ºz¿m aĵēmdaki h¿creler 5 mmôden b¿y¿k olduĵu i­in sadece Co-

urant-Friedrichs-Lewy (CFL) koĸuluna uyulmuĸtur (McGrattan, 2013a:43).           

FDS yangēn modellemesinde karēĸēm kontroll¿ yanma modelini kullanmakta-

dēr. Yakēt ve oksijen arasēndaki stokiyometrik yanma rekasiyonu Denklem 6ôda ve-

rilmiĸtir: 

‎ ὣὥὯ ὸ ‎ ὕ ᴼ В‎ȟὣὥὲάὥ ­ὶİὲİ    (6) 
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Denklem 6ôdaki ‎ terimi mol sayēlarēnē ifade etmektedir. FDS, denklem 6ôyē 

temel alarak ­ºz¿m aĵēndaki yanmanēn ger­ekleĸtiĵi h¿crelerin i­erdiĵi oksijen oran-

larēna gºre yanma reaksiyonu hēzēnē belirler. Ekzotermik yanma reaksiyonlarē sēra-

sēnda a­ēĵa ­ēkan ēsēl g¿­ ή [kW] ise oksijen miktarēndaki azalma hēzē ά  [kg/s] ve 

birim k¿tle oksijenin t¿ketimi ile a­ēĵa ­ēkan enerji miktarēnēn ЎὌ  [Kj/kg] ­arpēmē 

ile Denklem 7ôdeki gibi hesaplanmaktadēr. 

ή ЎὌ ά       (7) 

FDS aynē zamanda sulu yangēn sºnd¿rme sistemlerini de modelleyebilmekte-

dir. Sprinkler aracēlēĵē ile yanmakta olan hacme ulaĸan su damlacēklarē sēvēdan gaz 

faza ge­erken endotermik faz deĵiĸimi esnasēnda ­evreden ēsē ­ekerler. Bu ēsē trans-

feri s¿recini, FDS ­ºz¿m aĵēndaki h¿crelerin birim y¿zeyleri ¿zerinden Denklem 8ôi 

kullarak hesaplar(McGrattan, 2013b:223). 

ή ὸ ή ὸ Ὡ᷿             (8) 

Bu denklemde, ή  birim y¿zey alanēndaki ēsēl g¿c¿ [kW/m2], ή  suyun ­º-

z¿m aĵēndaki h¿creye girdiĵi andaki birim y¿zey alana d¿ĸen ēsēl g¿c¿ [kW/m2],  k 

ise birim y¿zeye d¿ĸen su k¿tlesinin birim y¿zey alandaki yangēn g¿c¿n¿n azaltma-

sēnē ifade eden terimdir. k deĵeri [1/s] denklem 9ôdaki gibi hesaplanēr. 

Ὧὸ ὥά          (9)  

Denklem 9ôdaki a deĵeri [m2/kg-s] deneysel yollarla bulunur, ά  deĵeri ise 

birim y¿zeye d¿ĸen su k¿tlesini [kg/m2] ifade etmektedir. Yanma ºzelliĵine sahip 

malzemelerin y¿zey morfolojileri ve yanma esnasēnda y¿zey morfolojilerindeki de-

ĵiĸim malzemeden malzemeye deĵiĸiklik gºstereceĵi gibi suyun yangēn sºnd¿rme 

performansē yangēn s¿recinin ger­ekleĸtiĵi hacme ulaĸan su damlacēklarēnēn ­ap ve 

daĵēlēmlarēna gºre de deĵiĸiklik gºsterecektir.  

 

5.ROBOTĶK OTOPARKTA YANGIN SENARYOSU VE FDS MODELĶ 

Bu ­alēĸmada ortam sēcaklēĵē 30 ÁC, sēnēr ĸartlarē olarak a­ēk atmosfer deĵerleri 

kabul edilmiĸtir. Katē cisim y¿zeylerinde iletimle ēsē transferi ve bu y¿zeyler arasē 

radyatif ēsē transferleri de hesaba katēlmēĸtēr. ¢ºz¿m aĵēndaki h¿crelerin b¿y¿kl¿k-

leri FDS Validation Guide (McGrattan, 2013c:102)ô daki ºnergelere uygun olarak 

her yºnde eĸit ve 20 cm olarak belirlenmiĸ olup yapēlan sim¿lasyonlarda sayēsal ka-

rarsēzlēk gºzlemlenmemiĸtir. Bilgisayarda sim¿lasyon s¿resini azaltmak amacēyla 

robotik otopark yapēsēnēn tamamē ­ºz¿m aĵēna dahil edilmeyip, nispeten k¿­¿k bir 

hacmi a­ēk atmosfer sēnēr koĸullarē ile ­ºz¿m aĵēna dahil edilmiĸtir. Ger­ekte model-

lenen hacmin sēnēr koĸullarē a­ēk atmosfer sēnēr koĸullarē deĵildir. Ancak sēnēr koĸul-

larda a­ēk atmosfer tanēmlamasē yapēlarak yangēnēn boĵulmasē ºnlenmiĸ ve kēsēm 
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3ôte belirlenen yangēn geliĸim eĵrisindeki enerjinin sisteme eksiksiz verilmesi saĵ-

lanmēĸtēr. FDS, denklem 7ôde verildiĵi gibi a­ēĵa ­ēkan enerjiyi oksijen t¿ketimi ¿ze-

rinden hesaplamakta ve yangēn geliĸim eĵrisinin gerektirdiĵi oksijen miktarēnē yan-

gēn y¿zeyi ­evresinde bulamaz ise mevcut oksijen miktarē kadar bir ēsēl g¿­ hesapla-

maktadēr.   Bu ­alēĸmadaki FDS yangēn modeli ķekil 4ôte gºsterildiĵi gibi 3 katman-

dan oluĸmaktadēr. Birinci katman robotik otopark yapēsēnēn b¿t¿n¿yle modellendiĵi 

ñyapēsal modelò; ikinci katman ­ºz¿m aĵēnēn i­inde yer alan yan yana 2 ve ¿st ¿ste 

2 adet olmak ¿zere toplam 4 otomobilin park slotlarē ¿zerinde yer aldēĵē ñyangēn 

senaryosu alt modeliò ve son olarak sprinklerlerin, yangēn y¿k¿n¿n, otomobil ­elik 

karoserinin ve kērēlabilir camlarēn tanēmlandēĵē ñyangēn kaynak modeliòdir.  

 

ķekil 5. Kurulan yangēn model ve alt modelleri 

 

Yangēn kaynak modeli aracēlēĵēyla, bu ­alēĸmaya konu olan sprinkler perfor-

mansē ºl­¿lecektir. ķekil 5ôte gºr¿ld¿ĵ¿ ¿zere sprinklerler otomobilin ºn ve arka ta-

rafēnda yer almaktadēr. Yangēn y¿zeyi otomobil karoserinin i­erisine tanēmlanmēĸ 

olup, otomobil gºvdesi 1 mm kalēnlēĵēnda ­elik ve cam alanlar 3 mm kalēnlēĵēnda 

standart cam olarak tanēmlanmēĸtēr. Weisenpacher vd. (2016:310) ónin yaptēĵē oto-

mobil yangēnē ­alēĸmalarēnda camlarēn 520 ÁC sēcaklēĵa ulaĸtēĵēnda kērēldēĵē gºzlem-

lenmiĸtir. Bu baĵlamda, yangēn kaynak modelindeki ara­ camlarē FDS modelinde 

520 ÁC sēcaklēĵa ulaĸēldēĵēnda kērēlacak ĸekilde programlanmēĸtēr. Her cam par­asē 

i­in sēcaklēĵē ºl­en bir kontrol thermocoupleē tanēmlanmēĸ olup ķekil 5ôte de gºste-

rilmiĸtir. Modelin boykesit ºl­¿leri ķekil 6ôda gºsterilmiĸtir.  
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ķekil 6. Yangēn kaynak modeli 

 

 

ķekil 7. Yangēn kaynak modeli uzunluk ºl­¿leri 

 

Yangēn kaynak modeli ¿zerinde tanēmlanan kērēlabilir camlar aynē zamanda 

yangēn senaryosē alt modelinde bir ara­ta ­ēkan yangēnēn yandaki ya da ¿stteki ara­-

lara yayēlmasēnē da modellerken kullanēlmēĸtēr. Temel senaryoda, eĵer otomobilin 

dēĸēndaki bir yangēn otomobilin camēnēn kērēlmasēnē saĵlar ise ve ķekil 5ôte gºsterilen 

yangēn y¿zeyi 375 ÁC deĵere ulaĸēr ise otomobil yanmaya baĸlayacaktēr. 375 ÁC sē-

caklēk deĵeri sēradan bir otomobilin i­inde bulunan koltuk, direksiyon simidi gibi 

yanēcē polimer malzemelerin yaklaĸēk tutuĸma sēcaklēĵēdēr (Tewarson, 2000:997). Bu 

yangēn yayēlma senaryosu gereĵi ķekil 7ôde gºsterilen ñilk yanan ara­òta ­ēkan bir 

kategori 3 yangēnēn farklē aktivasyon sēcaklēklarēna ve K faktºrerine sahip sprinkler 

sistemleri tarafēndan kontrol altēna alēnēp alēnamadēĵē ve yandaki ve ¿stteki ara­lara 

yayēlēp yayēlmadēĵē incelenmiĸtir.  
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ķekil 8. Yangēn senaryosu alt modeli 

 

Denklem 8ôdeki zamana baĵlē k(t) deĵerinin bulunmasē ancak yangēn deney-

leri ile m¿mk¿n olmaktadēr. Ancak ger­ek ºl­¿lerde yapēlan bir robotik otopark 

i­inde otomobil yangēnē deneyinin ­ok y¿ksek maliyetli olacaktēr. Bununla birlikte 

ama­ farklē sprinklerlerin performanslarēnēn birbirleri ile kēyaslanmasē olduĵu i­in 

olabildiĵince k¿­¿k bir k(t) deĵeri teorik olarak kēyaslama s¿recinin sabit deĵiĸkeni 

olarak deĵerlendirilecek hem de sprinkler sistemin yangēnē kontrol altēna alma olasē-

lēĵēnē d¿ĸ¿rerek bir anlamda g¿venlik katsayēsē olarak davranacaktēr. Sikanen vd. 

(2012:118) tarafēndan ahĸap palet yangēnlarēnēn su spreyleri ile sºnd¿r¿lmesi ¿zerine 

yapēlan ­alēĸmada k=0.4  deĵeri ile elde edilen sim¿lasyon sonu­larēnēn deney so-

nu­larē ile benzerlik gºsterdiĵi, ancak spreylerdeki su debilerine gºre de sim¿lasyon 

ve deney sonu­larēn benzerliklerinin deĵiĸtiĵi gºzlemlenmiĸtir. Bu ­alēĸmada k=0.4 

deĵeri ile FDS tarafēndan hesaplanan yangēn geliĸim eĵrileri ile deneysel sonu­lar 

ķekil 9ôda verilmiĸtir. Yine aynē ­alēĸmada k deĵerinin 0.4ôten y¿ksek olmasē FDSôte 

hesaplanan yangēn geliĸim eĵrilerinin ger­ekten ­ok d¿ĸ¿k ­ēkmasēna, k¿­¿k olmasē 

da ­ok y¿ksek ­ēkmasēna neden olmaktadēr (Sikanen vd. 2012:115). Bu durum gºz 

ºn¿ne alēndēĵēnda ve maliyet nedeniyle T.C. BALIKESĶR BELEDĶYESĶônin iĸlet-

mekte olduĵu robotik otoparkēn ger­ek boyutlu bir yangēn testinin yapēlamayacaĵē 

ger­eĵi, bu ­alēĸmada elde edilen sonu­larēn g¿venli tarafta kalmasē i­in d¿ĸ¿k bir k 

deĵerinin se­ilmesini zorunlu kēlmaktadēr. FDS yazēlēmē giriĸ parametresi olarak 

denklem 9ôdaki a sabitini kullanmaktadēr. Bu ­alēĸmada yapēlan yangēn sim¿lasyon-

larēnda a sabiti 0.01 [m2/kg-s]   olarak kabul edilmiĸtir.  
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ķekil 9. k=0.4 yangēn geliĸim eĵrisi azaltma katsayēsēnēn  

deney sonu­larē ile kēyaslanmasē (Sikanen vd., 2012:118) 

 

6.¥NERĶLEN SPRINKLER PERFORMANS MODELĶ 

Sprinklerler ­alēĸma basēncē [bar], K faktºr¿ [L/min-Ѝὃὸά ] ve aktivasyon sē-

caklēĵē [ÁC] ile tanēmlanabilirler. Bu ­alēĸmada K faktºr¿ olarak 80, 115, 160, 200 

ve 240 deĵerleri; aktivasyon sēcaklēĵē olarak 57, 68, 79, ve 141 deĵerleri i­in 25 farklē 

sim¿lasyon yapēlmēĸtēr. ¢alēĸma basēncē olarak 1 bar deĵeri se­ilmiĸtir. Ayrēca oto-

mobillerin ºn ve arka camlarēnēn kērēlmamasē durumu 141 ÁC sabit aktivasyon sēcak-

lēĵē i­in t¿m K faktºrleri ile test edilmiĸtir. Toplamda yapēlan 30 adet sim¿lasyonun 

her birinden elde edilen sonu­lar ile ºnerilen Sprinkler Peformans Deĵeri (SPD)  

Denklem 10ôa gºre ayrē ayrē hesaplanmēĸ, bulunan sonu­lar 0 ile 10 arasēnda aĵērlēk-

landērēlarak bir puanlama sistemi geliĸtirilmiĸtir.  

ὛὖὈ
Ę

          (10) 

Burada tdg sim¿lasyon esnasēnda ilk sprinklerin devreye girdiĵi saniye cinsin-

den zamanē,  tsºn yangēn sºnme evresine girdiĵinde ortaya ­ēkan toplam ēsēl g¿c¿n 

10 kWôēn altēna d¿ĸt¿ĵ¿ ilk saniyeyi belirtmektedir. Tablo 4ôte gºreceli aĵērlēklan-

dērmalē sprinkler performans deĵerleri iki farklē ºrnek sprinkler sistem i­in hesaplan-

mēĸtēr. Tdg ve tsºn deĵerleri bilinen 2 sprinkler sistemi i­in denklem 10ôda verilen 

SPD deĵerleri hesaplanmēĸ, ardēndan bu deĵerler 0 ile 10 arasēnda aĵērlēklandērēlarak 

SPD0-10 deĵerleri hesaplanmēĸtēr. ¥nerilen yºnteme gºre en baĸarēlē sprinkler sis-

temi 10 puan alērken; diĵer sprinkler yaklaĸēk yarēsē kadar almēĸtēr.   
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Tablo 4. Aĵērlēklandērēlmēĸ Sprinkler Performans Deĵerleri ¥rnek Hesap Tab-

losu 

 ὸ  ὸĘ  SPD SPD0-10 

Sprinkler 1 80 370 3.38x10-5 10 

Sprinkler 2 180 330 1.68x10-5 4.97 

 

 

7.ANALĶZ SONU¢LARI VE DEĴERLENDĶRME 

Yangēn esnasēnda ara­ camēnēn kērēlacaĵē ve kērēlmayacaĵē durumlar i­in top-

lamda 30 sim¿lasyon yapēlmēĸ olup, camlarēn 520 ÁC sēcaklēĵa ulaĸtēĵēnda kērēlacaĵē 

varsayēmē ile yapēlan 25 ayrē sim¿lasyon sonucu elde edilen yangēn geliĸim eĵrileri 

ķekil 10ôda verilmiĸtir. ķekil 10ôda yer alan en dēĸtaki kērmēzē eĵri kategori 3 yangēn 

eĵrisinin ilk 350 sôlik kēsmēnē ifade etmektedir. Sprinkler sistem devreye girmeden 

ºnce, yangēnēn ilk ­ēktēĵē otomobilin camlarē t¿m senaryolarda kērēlmēĸ olup, Sprink-

lerden atēlan su damlacēklarē otomobilin i­ kēsmēndaki yangēn y¿zeyine eriĸmiĸ ve 

etkili bir yangēn sºnd¿rme s¿reci baĸlamēĸtēr. Sprinklerden atēlan su damlacēklarēnēn 

yanmaya baĸlayan otomobilin kērēlan ºn camēndan i­eri girebildiĵi ķekil 9ôdaki si-

m¿lasyon gºr¿nt¿s¿nden de anlaĸēlmaktadēr. 

 

 

ķekil 10. Yangēn esnasēnda ara­ camēnēn kērēlmasē ve sonrasēnda ara­ i­ine su giriĸi 
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Sprinkler sistemlerin devreye girme anlarē, sprinklerlerin K faktºrlerinden ba-

ĵēmsēz olarak aktivasyon sēcaklēklarē ile iliĸkilidir. ķekil 11ôde de gºr¿ld¿ĵ¿ gibi aynē 

T aktivasyon sēcaklēĵēna sahip olan farklē K faktºrl¿ sprinklerler aynē saniyede aktive 

olmuĸtur. Aktivasyon sēcaklēklarē d¿ĸt¿k­e, sulu yangēn sºnd¿rme sistemi yangēnēn 

daha erken evrelerinde devreye girmektedir. Bu nedenle bu t¿r robotik otoparklarda 

141 ÁC aktivasyon sēcaklēĵēna sahip bir sprinkler modelinin kullanēlmasē uygun ol-

mayacaktēr, ancak sēcak iklimlerde ­alēĸacak bir robotik otoparkēn i­inde solar rad-

yasyon sebebiyle 57 ÁC gibi sēcaklēklara normal ­alēĸma koĸullarēnda ulaĸēlabileceĵi 

i­in 68 ÁC ya da 79 ÁC aktivasyon sēcaklēĵēna sahip olan sprinklerler daha uygun 

olacaktēr. Sprinklerlerin K faktºrleri arttēk­a yangēnēn ēsēl salēnēm hēzēndaki azaltma 

artmaktadēr. Sabit ­alēĸma basēncē altēnda K faktºr¿ arttēk­a spriklerlerin attēklarē su 

debisi arttēĵē i­in y¿ksek K faktºrl¿ sprinklerler yangēnēn kontrol altēna alēnmasēnda 

daha etkili olmaktadēr.  

 

 

ķekil 11. Sprinkler aktivasyon sēcaklēĵēnēn yangēn geliĸim eĵrisine etkisi 

 

Farklē K faktºr¿ ve aktivasyon sēcaklēĵēndaki sprinklerlerin 1 bar sabit basēn­ 

altēnda ­alēĸmalarē ile yapēlan sim¿lasyonlardan elde edilen  tdg ve tsºn deĵerleri 

kēsēm altēda anlatēldēĵē gibi iĸlenmiĸ ve sprinklerlerin aldēklarē puanlar ķekil 13ôte 

y¿zey grafiĵi olarak verilmiĸtir. Camlarēn kērēlmadēĵē durumlar i­in yapēlan sim¿las-

yonlar i­in sprinkler puanlamasē yapēlmamēĸtēr. ķekil 13ôteki y¿zey grafiĵi genel ola-

rak incelendiĵinde d¿ĸ¿k aktivasyon sēcaklēĵē ve y¿ksek K faktºr¿n¿n daha etkili 
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olduĵu gºr¿lmektedir. Ancak baskēn olan deĵiĸken K faktºr¿d¿r. Elde edilen puan-

lama y¿zey grafiĵinin aktivasyon sēcaklēĵē ¿zerine iz d¿ĸ¿m¿ alēndēĵēnda, aktivasyok 

sēcaklēĵē ile sprinkler sistemin performansē arasēnda belirgin bir bir iliĸki gºr¿lme-

miĸtir (ķekil 13-c). Ancak ķekil 13-bôde de gºr¿leceĵi ¿zere K faktºr¿ arttēk­a akti-

vasyon sēcaklēklarē deĵiĸse bile genel bir performans artēĸē gºzlemlenmiĸtir. Bu veri-

ler ēĸēĵēnda, K faktºr¿n¿n 160 ve  ¿zerinde; aktivasyon sēcaklēĵēnēn 79 ÁC ve altēnda 

tercih edilmesi uygun olacaktēr. Ancak denklem 9ôda ki a katsayēsēnēn deneysel ola-

rak robotik otoparklar i­in bulunmasē sonrasēnda daha doĵru sonu­lar elde edilebilir.  

 

 

ķekil 12. ¥n ya da arka camēnēn kērēlēp/kērēlmama durumu 
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ķekil 13. Farklē K faktºr¿ ve aktivasyon sēcaklēĵēna sahip  

sprinkler sistemlerinin karĸēlaĸtērēlmasē 

 

Yangēn esnasēnda, yanmakta olan otomobilin sprinklere bakan ºn ve arka cam-

larēnēn kērēlēp/kērēlmamasē yangēnēn kontrol altēna alēnmasēnda kilit rol oynamakta ve 
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hatta tahmin edilmesi zor durumlarē ortaya ­ēkmaktadēr. Camlarēn kērēlmadēĵē du-

rumlar i­in sabit 141 ÁC aktivasyon sēcaklēkĵē ve farklē K faktºrleri i­in elde edilen 

yangēn ēsēl geliĸim eĵrileri ķekil 12ôde verilmiĸtir. Genel olarak camlarēn kērēlmamasē 

durumunda yangēnēn kontrol altēna alēnmasēnēn ­ok uzun s¿receĵi ve hatta yandaki 

ara­lara yayēlabileceĵi gºr¿lm¿ĸt¿r. Camlarēn kērēlmamasē sonucunda sprinklerin at-

tēĵē su aracēn kaporta ve cam y¿zeylerin altēnda kalan yangēn y¿zeyine ulaĸamamakta 

ve yangēnēn ēsēl g¿c¿ yeteri kadar azaltēlamamaktadēr.  Bu durum ķekil 14ôte gºste-

rilmiĸtir. K faktºr¿ 115 olan sprinkler sisteminde en kºt¿ sonu­ elde edilmiĸ olup, bu 

durumdaki yangēn 963. saniyede ñSol Ara­òēn tutuĸmasēna neden olmuĸtur. Ancak 

bu ­alēĸmadaki ara­lar arasē yangēn yayēlēm seneryosunun geliĸtirilmesi ile daha 

doĵru sonu­lar alēnabilir. Mevcut senaryo modelinde ara­larēn tampon, tekerlek gibi 

dēĸ d¿zeyden tutuĸabilecek par­alarē gºz ardē edilmiĸ daha ­ok sprinkler ve ara­ cam-

larē ¿zerine odaklanēlmēĸtēr. 

K faktºr¿ 80 olan sprinkler sistemde en iyi yangēn kontrol altēna alma perfor-

mansē gºzlemlenmiĸtir. Diĵer durumlarda sprinklerlerden birisi patladēĵēn ara­ ¿ze-

rine atēlan su debisi ­ok y¿ksek olduĵunda ara­ ­evresinde etkili bir soĵuma saĵlan-

mēĸ ve karĸē taraftaki sprinkler patlama sēcaklēĵēna eriĸememiĸtir. K faktºr¿n¿n 80 

olduĵu durumda ise ilk patlayan sprinkler ara­ ­evresinde nispeten az bir soĵutma 

etkisi yaratmēĸ ve karĸēdaki sprinkler de patlama sēcaklēĵēna eriĸebilmiĸtir. Yanan 

aracēn ºn ve arkasēndaki her iki sprinklerin de patlamasē, aracēn t¿m ­evresinin 

sprinklerlerden atēlan su ile kaplanmasēnē ve yan pencereler gibi nispeten k¿­¿k a­ēk-

lēklardan aracēn i­ine soĵutma suyunun girebilmesini saĵlamēĸtēr. Bu durum ķekil 

13ôteki K=80 eĵrisinde gºr¿lebilmektedir.  

 

 

ķekil 14. Kērēlmayan camēn soĵutma suyuna karĸē bariyer oluĸturmasē 
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¢ok katlē robotik otoparklar giderek yaygēnlaĸacaktēr. Yapē y¿ksekliĵi ile sis-

temin ekonomik karlēlēĵē paralel olduĵu i­in ĸirketler/yerel yºnetimler olabildiĵince 

y¿ksek ve daha fazla ara­ kapasitesine sahip sistemlere yºnelecektir. Bu durum bu 

t¿r yapēlarēn b¿y¿k ­oĵunlukla dar alanlara yapēlacak olmasēyla birleĸtiĵinde ortaya 

hem robotik otopark yapēsē hem de ­evresindeki diĵer yapē ve insanlar i­in yara-

lanma, ºl¿m ve ekonomik kayēp risklerini arttēracaktēr.Bu ­alēĸmada ĸuan i­in yapē-

lan analizler sprinkler sistemlerin yangēnē kontrol altēna almada etkili olduĵunu gºs-

termektedir.  Ancak bu durum mutlaka yangēn testleri ile desteklenmelidir.  
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ABSTRACT:  This research illustrates results of an experimental study 

carried out to determine the engineering properties of geopolymer mortar rein-

forced with two types of fibers. The base material and the activation agents are 

fly ash and mixture of NaOH and Na2SiO3. The aggregate used is river sand 

with a nominal particle size of less than 4 mm. Two different types of fiber 

were used which are basalt fiber and steel fiber. The effect of utilization of fiber 

on unit weight, flow of mortar, flexural and compressive strength of geopoly-

mer mortar was studied. Fly ash to alkaline activator was fixed at 2/1. The al-

kaline mixing ratios were 1 to 2.5 were taken into account for NaOH solution 

and Na2SiO3 solution, respectively. Two types of fibers basalt fiber and steel 

fiber were added to the mixes with ratio of 0.20%, 0.40%, 0.60%, 0.80%, and 

1.0% by volume of the mortar, with a control mix having no fiber. Heat curing 

regime of 24 hours with 60 oC temperature was applied. According to the expe-

rimental results, it was determined that the inclusion of fibers decreases the 

flow but increases the flexural and compressive strength of geopolymer mortar.  

Keywords: Geopolymer Mortar, Fly Ash, Alkaline Activation, Basalt 

Fiber, Steel Fiber Strength 
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1. INTRODUCTION  

Since the concrete is the most widely used construction material, one cannot 

imagine any construction project without concrete. Hence, the cement is the most 

important component in the concrete production. Cement production releases a huge 

amount of carbon dioxide into the atmosphere that causes an increase in the average 

air temperatures, known as global warming. According to the report of global cement 

production organization the annual cement production for the year 2018 was 4.1 bil-

lion metric tons (URL1). McCaffrey (2002) estimated that the OPC production is 

rising at the rate of about 3% annually. Manufacturing of one ton of cement contri-

butes to producing nearly one ton of CO2. The amount of CO2 released to the atmosp-

here is responsible for the 7% of total emissions of greenhouse gases, and this CO2 

contributes about 65% of global warming. 

In order to reduce the amount of cement production, and to produce environ-

mentally friendly concrete, many materials and methods have been studied. This stu-

dies have been focused on finding suitable materials to be used as a partial or comp-

lete alternative to Portland cement. French scientist Joseph Davidovits finds that the 

waste materials or by-product that contain aluminous (Al) and siliceous (Si) materials 

such as husk ash; slag or fly ash can be used with an alkaline to interact as source 

material of geological root to produce binder (Davidovits, 1988). Davidovits (1978) 

named these binders as ñgeopolymersò, and the term ñgeopolymerò firstly coined by 

him in reference to aluminosilicate polymers which has an amorphous microstructure 

formed in an alkaline environment. Geopolymer is a type of unorganized alumino-

silicate product demonstrates the ideal properties of rock forming elements like lon-

gevity, chemical stability, and hardness. Geopolymer is a member of the family of 

inorganic polymers that composed of a polymeric SiïOïAl framework, such as zeo-

lites (Palomo et al., 1999; Davidovits, 1978; Davidovits, 1988). Young (1998) defi-

ned polymer is a category of materials made of large molecules that consist of a large 

number of repeated units (monomers). The unit molecular structure that forms the 

large molecules controls material properties (Young, 1998; Hemmings, 1988). The 

amorphous or non-crystalline form is the state when the regularity of atomic packing 

is completely absent. Another pozzolan such as blast furnace slag can be used to 

produce binder when activated using alkaline liquids. Therefore, total replacement 

of ordinary Portland cement can be considered (Van Jaarsveld et al., 2012; Gum et 

al. 2013). Davidovits (1978) has finalized his conclusions that geopolymer properties 

include high early strength, corrosion resistance, sulfate resistance, freeze-thaw re-

sistance, and low shrinkage. The alkaline liquids which consist of silicate and hyd-

roxide affects the propertries of geopolymer. The concentration of the hydroxide also 

have a direct effect on the hardened properties of geopolymer concrete. Increasing 
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the molarity of hydroxide and increasing the ratio of silicate/hydroxide increase the 

compressive strength of geopolymer concrete (Mermerdaĸ et al., 2018). Hence, it can 

be said that geopolymer concrete is a type of new concrete which can be affected 

rfrom various factors and may be considered as an alternative construction material 

without Portland cement. 

Further consideration of geopolymer is that it is an environmentally friendly 

material, and other properties could better compare with ordinary Portland cement 

concrete (Nematollahi et al., 2014). Sumajouw and Rangan (2006) through their re-

search on reinforced geopolymer concrete based with low calcium fly ash, studied 

on columns and beams. They concluded that the produced geopolymer concrete has 

excellent durable properties. Also, they reported that creep was low, drying shrinkage 

was very low, with good resistance to acid and very high resistance to sulfate attack. 

Another benefit of GC is the recycling of industrial waste materials which have a 

disposal problem (Ryu et al., 2013). For example, fly ash is a byproduct material 

from combustion coal particularly in power plants that are widely available throug-

hout the world. 

When the conventional ordinary Portland cement is used for production of 

concrete, there is a tendency to benefit from fibrous materials to the concrete in order 

to increase concreteôs structural integrity, and improve mechanical properties, (Choi 

and Yuan, 2005). Through the history to improve ancient construction materials, hor-

sehair was added to mortar and mud to make bricks stronger. Fibers have been used 

as strengthening materials since antiquity, and the idea is not new (Mehta and Mon-

teiro, 2006). 

The idea of fiber reinforced concrete and composite materials came into being 

in the 1950s and was one of the interesting topics (Mehta and Monteiro, 2006). From 

1960 many researchers have studied the influence of using various fibers type such 

as, synthetic, glass and steel fibers for strengthening of OPC concrete. Also these 

materials have been investigated to observe the effectiveness on the durability pro-

perties. Another researchers such as Choi and Yuan (2005), and Mehta and Monteiro 

(2006), has investigated the influence of adding glass fibers in OPC concrete in terms 

of strength properties of conventional OPC concrete. In recent research by Nematol-

lahi et al. (2014), they investigated the influence of glass fiber addition on properties 

of hardened and fresh FA based GPC. For production of geopolymer concrete (GPC) 

they used a solution of 8M Na2SiO3 (71.4%) + NaOH (28.6%) and ratio SiO2/Na2O 

utilized was 2 (Nematullahi et al., 2014). Moreover, they used glass fibers in varying 

percentages; 0.50%, 0.75%, 1.00% and 1.25% by volume of concrete, and concluded 

that with an addition of glass fiber results increase of flexural strengths, compressive 

strength, and density with decreasing the workability. 
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In this study, the effectiveness of fiber reinforcement on the fresh and hardened 

properties of geopolymer mortar was investigated. Two types of short cut fibers, na-

mely, basalt and steel were used. The addition levels were selected up to 1.0% of the 

total volume of the mortar by 0.2% increment steps. 

 

2. MATERIALS and METHODS  

2.1 Materials 

The main goal of this research is to experimentally illustrate the effect of fibers 

on fresh and mechanical properties of geopolymer mortar. Two types of fiber were 

used namely, steel fiber with 3 mm length and basalt fiber with 6 mm length. Dry fly 

ash (ASTM Class F) was used as a base material to obtain a binder in an alkaline 

environment. Fly ash obtained from a local power plant, the Table 1 shows the che-

mical composition of the FA. A combination of sodium silicate (Na2SiO3) and so-

dium hydroxide (NaOH) was used as alkaline activator. The preparation of sodium 

hydroxide (NaOH) solution was obtained by dissolving sodium hydroxide flakes in 

water. The mass of NaOH solids in a solution disperse according to the solution con-

centration expressed in terms of the molar, M. In this research, NaOH with 12M (381 

g/kg). For preparation of 1-kilogram solution was used. Readymade solution of So-

dium silicate was obtained from supplier. Sodium silicate solution has the chemical 

composition of SiO2=29.4%, Na2O=14.7%, with water about 55.9% by mass. The 

specific gravity of sodium hydroxide solution was =1.48 g/cc with viscosity at 20 oC 

was =400 cp. Aggregate was used in research was provided from local river quarry 

(river sand). Only fine aggregate was used (0-4mm). Maximum nominal particle size 

of 4 mm was used to obtain aggregate grade from (0-4mm). Aggregate was saved in 

laboratory environment. Specific gravity of aggregate obtained according to standard 

testing procedure and determined to be 2.64. In order to improve the flow of the 

mortar, polycarboxilate ether type superplasticizer (SP) in a solution form with a spe-

cific gravity of 1.07 was used by amount of 6% of fly ash weight in all mixtures.  
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Table 1. Chemical composition of fly ash 

Composition FA %  

CaO 2.2 

SiO2 57.2 

Al 2O3 24.2 

Fe2O3 7.1 

MgO 2.4 

SO3 0.3 

K2O 3.4 

Na2O 0.4 

S.G 2.29 

 

2.2. Mix Proportions  

Mixing design has important effects in the production of geopolymer concrete. 

Inappropriately combined mixture may cause failure such as late setting or flash set-

ting. Both of problems are considered as failures and cause inapplicability of the ma-

terial. In order to avoid this drawback, the selection of mixture ingredients was sum-

marized as following based on the past researches that were summarized in previous 

paragraphs. Moreover, based on results of some trial mixtures in a preliminary study, 

fly ash used as base material obtained by 600 kg/m3, a mixture of sodium hydroxide 

(NaOH) solution and sodium silicate solution (Na2SiO3) was used as alkaline liquid 

by ratio 1 to 2.5. The molarity of sodium hydroxide was 12M. Ratio of alkaline so-

lution to fly ash was (1/2) by mass of fly ash. To improve the flowability of geopoly-

mer mortar Super-plasticizer with specific gravity of 1.07 was added to the mix by 

amount of 6% by mass of fly ash. Steel fiber with length of 3 mm, specific gravity 

7.65, and basalt fiber with length of 6 mm, specific gravity 2.65 were added by amo-

unts of 0%, 0.2%, 0.4%, 0.6%, 0.8%, and 1 % by the total volume of mixture. Totally 

11 mixtures were obtained. 
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Table 2. Mix proportion with basalt fiber 

 

Mix ID  

Fly Ash 

Aggregate NaOH Na2SiO3 Fiber S.P 

Fine Solution Solution Basalt % FA 

Kg/m3 Kg/m3 Kg/m3 Kg/m3 (%) Kg/m3 % Kg/m3 

Control 600 1294.63 85.68 214.32 0 0 6 36 

0.20% 600 1289.65 85.68 214.32 0.2 5.34 6 36 

0.40% 600 1284.37 85.68 214.32 0.4 10.68 6 36 

0.60% 600 1279.09 85.68 214.32 0.6 16.02 6 36 

0.80% 600 1273.81 85.68 214.32 0.8 21.36 6 36 

1.00% 600 1268.29 85.68 214.32 1 26.7 6 36 

 

 

Table 3. Mix proportion with steel fiber 

 

Mix ID  

Fly Ash 

Aggregate NaOH Na2SiO3 Fiber S.P 

Fine Solution Solution Steel % FA 

Kg/m3 Kg/m3 Kg/m3 Kg/m3 (%) Kg/m3 % Kg/m3 

Control 600 1294.63 85.68 214.32 0 0 6 36 

0.20% 600 1289.65 85.68 214.32 0.2 15.7 6 36 

0.40% 600 1284.37 85.68 214.32 0.4 31.4 6 36 

0.60% 600 1279.09 85.68 214.32 0.6 47.1 6 36 

0.80% 600 1273.81 85.68 214.32 0.8 62.8 6 36 

1.00% 600 1268.29 85.68 214.32 1 78.5 6 36 

 



Bazalt ve ¢elik Elyaf Ķle Takviye Edilmiĸ Geopolimer Harcēn M¿hendislik ¥zellikleri 

83 

2.3. Mixing, Casting and Curing 

Mixing stage is very important. Any mistake or wrong material selection cau-

ses wrong results and waste of time and materials. For weighing materials, a sensitive 

balance was used. For mixing stage an automatically controlled electrical mortar 

mixer of 5 liter capacity was used. Before mixing, the materials were prepared, we-

ighed and packed in suitable containers. First, solid mix ingredients (aggregate and 

fly ash) were mixed dry in mixer pan to at least 3 minutes, then liquid materials (al-

kaline solution) was added to mixer gradually, after that fiber glass was added to 

mixer, and finally the superplasticizer was added. The mixer operates up to 5 minutes 

to complete the mixing stage of the fresh mortar. 

Firstly, the molds with dimension of 40x40x160 mm was prepared and lubri-

cated to prevent adhesion of geopolymer mortar to the molds. The second step was 

filling the first half of molds with the ready mortar. Mechanical vibration for 25 se-

conds on vibration table was done to reduce the air bubbles inside the mortar. Same 

procedure was done for the next layer. After that the top of molds was leveled to get 

uniform shape and extra materials were removed. Before curing process, the molds 

were covered by heat resistant film to prevent moisture loss during high temperature 

curing. Then, curing processes were started. From the previous researches, it was 

found that the strength of geopolymer acquired by temperature, and significantly inc-

reases with the increasing temperature of curing. Heat curing was used by using elect-

rical oven with constant temperature at 60 oC for 24 hrs. 

 

2.4. Testing Procedure  

According to ASTM C l38 to obtain the fresh unit weight of geopolymer mor-

tar, a digital weight scale was used by weighing empty molds before casting and 

weighing molds after casting process. To check the dimensions of the molds calipers 

was used. The flow of geopolymer mortar was obtained according to ASTM C1437 

by using of flow table instrument. Firstly, the cone was placed on its specified place 

in the middle of the circular table. The mold was filled by the first layer about 25 mm 

thick with fresh geopolymer mortar and compacted with the tampers for 20 times. 

For the second layer, the same procedure was repeated. The cone was lifted away 

and immediately the table was dropped from a height of 12.7 Ñ 0.13 mm for 25 times 

in 15 sec. the diameter of the geopolymer mortar along the top of the table was mea-

sured by using a small ruler. The flow was obtained as a percentage of the original 

base diameter. It was calculated by subtracting the initial diameter from the flow 

diameter measured in two directions after flow. The difference is calculated as the 

percentage of the initial diameter and recorded as the flow of mortar. Flexural 
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strength test for geopolymer mortar was obtained according to ASTM C87 on 3000 

kN capacity hydraulic testing machine by (40x40x160) mm prism, the test was 

executed on the specimens at the age of 24 hrs. heat curing and then 7 days of rest 

curing. The loading rate was selected as 0.01 kN/sec. The flexural strength was cal-

culated from the average of three samples at each age test. The compressive strength 

test of GPM was obtained on 3000 KN capacity hydraulic testing machine by 

(40x40x40) mm cube and test was done according to ASTM C39 (2012), the test was 

executed on the specimens at the age of 24 hrs. heat curing at 60 oC temperature and 

then 7 days of rest curing at laboratory temperature. Compressive strength was cal-

culated from the average of three samples at each testing age.  

 

3. RESULTS and DISCUSSION 

The flow of the geopolymer mortar was obtained as the result of percentage 

increase in average base diameter of fresh geopolymer mortar. The results shown in 

Figure 1 the control mixture was adjusted to have a flowable consistency. According 

to the results the flow was decreased with increasing of the amount of fibers, especi-

ally with basalt fibers. This is because of the long shape of fiber glass and its blocking 

effect on the movement of mortar particles. But with steel fibers the effect of hinde-

ring the flow was not as much as basalt fibers. This was attributed to the shorter 

length of steel fiber and smoothness of the surface.  

 

 

Figure1. Effect of fiber content on flow 
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Unit weight of geopolymer mortar was measured as soon as the filling of the 

molds was finished. Figure 2 shows the results of geopolymer mortar unit weight. As 

shown in the Figure the unit weight for control mixture was 2212 kg/m3. The unit 

weight was not affected from increasing the amount of basalt fiber due to the unit 

weight of basalt fiber is close to the unit weight of aggregate. However, the change 

in unit weight due to steel fiber content is relatively high. The reason for this is that 

the unit weight of steel fiber is higher than the unit weight of aggregate used. 

 

 

Figure 2. Unit weight of geopolymer mortar 

 

The test results regarding the flexural strength are shown in Figure 3. The 

flexural strength for control mixture was 6.54 MPa. The flexural strength increased 

with increasing the amount of fiber content in both types of basalt and steel fiber 

from 0.20% to 1.0% about 14 % for steel fiber and about 12.5% for basalt fiber. 
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Figure 3. Flexural strength results 

 

The compressive strength is the most important characteristics for the perfor-

mance evaluation. For that the compressive strength is considered the most critical 

parameter for the construction materials. Figure 4 shows the tests results.The average 

compressive strength obtained for control mixture was 22.78 MPa. Firstly the comp-

ressive strength was decreased with increasing the amount of both basalt fiber and 

steel fiber till 0.4% and then started to increase and become more than the control 

mixture. The reduction in compressive strength is due to the voids entrapped because 

of fiber addition. However, after some critical amount (0.4%) the crack arrest effect 

of fiber eliminated this drawback. 

 

 

Figure 4. Compressive strength results 
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4. CONCLUSION  

1- Fly ash based geopolymer binder will completely eliminate cement in conc-

rete and helps in contribution to prevent global warming and provides uti-

lization of waste material (fly ash) effectively. 

2- Fly ash based geopolymer concrete can be used in the applications where 

rapid strength development is needed as it gains its strength in about (24-

48 h) curing. 

3- Fly ash based geopolymer reinforced with fibers products can be proposed 

for manufacture of precast structure. 

4- The density of fly ash based geopolymer reinforced with fiber mortar was 

found approximately equivalent to that of conventional ordinary Portland 

cement. 

5- Compressive strength and flexural strength of fiber reinforced fly ash based 

geopolymer increased with increasing fiber content. 

6- Workability of fly ash based geopolymer reinforced with basalt fiber mor-

tar decreased with the increase of basalt fiber content, but with steel fibers 

did not have an effect. 
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¥ZET: Meydana gelen depremlerde faya yakēn bºlgelerdeki yer ha-

reketlerinde y¿ksek hēzlē pulslar gºr¿lebilmektedir. Uzun periyotlu bu pulslarēn 

sismik izolasyonlu binalarēn uzun doĵal periyotlarē ile ­akēĸmasē durumunda 

­ok ciddi yapēsal tepkiler ortaya ­ēkabileceĵi i­in sismik izolasyonlu binalarēn 

bu t¿r kayētlar altēndaki performanslarēnēn incelenmesi ºnem kazanmēĸtēr. 

Bununla birlikte yakēn-fay yer hakereketi kayētlarēnēn az olmasēndan dolayē bu 

t¿r hareketler eĸdeĵer puls modelleri ile temsil edilmekte ve sentetik olarak 

¿retilmektedir. Bu ­alēĸmada, yakēn-fay yer hareketlerini temsil etmek ¿zere 
ortaya konmuĸ olan azalan sinuzoid puls modeli [Agrawal, A.K. ve W.L. He 

(2002). 'A closed form approximation of near fault ground motion pulses for 

flexible structures.' 15th ASCE Proc. of Eng. Mech. Conf., NY, USA] 

kullanēldēĵēnda sismik izolasyonlu binalarēn kat tepki spektrumlarēnēn ne kadar 

iyi temsil edilebildiĵi araĸtērēlmēĸtēr. Ķzolasyon katē dahil toplam altē katlē ºrnek 

bir sismik izolasyonlu bina hem ger­ek bir yakēn-fay deprem kaydē hem de bu 

kaydē temsil eden eĸdeĵer azalan sinuzoid puls modeli altēnda doĵrusal olma-

yan zaman tanēm alanē yºntemiyle analiz edilmiĸtir. Ger­ek ve sentetik puls 

kayētlarē i­in elde edilen kat spektrumlarē (deplasman, hēz ve ivme) arasēndaki 

benzerlikler ve farklar karĸēlaĸtērmalē grafikler halinde sunulmuĸtur. 

Anahtar Kelimeler:  Yakēn-fay depremleri, eĸdeĵer yer hareketi puls 
modeli, kat tepki spektrumlarē, sismik izolasyonlu binalar. 

 

Effectiveness of Equivalent Decaying Sinusoidal Pulse Model  

for Near-fault Ground Motions Regarding Floor Response Spectra  

of Seismically Isolated Buildings 
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ABSTRACT: Pulses with high velocities can be seen in ground mo-

tions in near-fault areas during earthquakes. Since very serious structural re-

sponses may occur in case these long-period pulses coincide with the long nat-

ural periods of seismically isolated buildings, examining the performance of 

seismically isolated buildings under such records has gained importance. At the 

same time, due to the small number of near-fault ground motion records, such 

motions are represented by equivalent pulse models and produced syntheti-

cally. In this study, the success of the decaying sinusoidal pulse model, which 

was proposed to represent near-fault ground motions [Agrawal, A.K. and W.L. 

He (2002). 'A closed form approximation of near-fault ground motion pulses 
for flexible structures.' 15th ASCE Proc. of Eng. Mech. Conf., NY, USA], in 

capturing the actual floor response spectra of seismically isolated buildings is 

investigated. A six-story (including base floor) benchmark seismically isolated 

building is analyzed by nonlinear time history analysis method under both a 

real near-fault earthquake record and the equivalent decaying sinusoidal pulse 

model representing this record. The similarities and differences between the 

floor spectra (displacement, velocity, and acceleration) obtained for real and 

synthetic pulse records are presented in the form of comparative graphs.  

Keywords: Near-fault earthquake, equivalent ground motion pulse 

model, floor response spectra, seismically isolated buildings 

 

 

1. INTRODUCTION  

Seismic isolation is a popular passive structural control technology that is ef-

fectively used for protecting structures against earthquake excitations (Datta, 2010). 

With this technology, it is aimed to protect both the integrity and the contents of a 

structure by making it possible to reduce inter-story drifts and floor accelerations 

concurrently. The technology is based on shifting the fundamental frequency of a 

structure out of the resonance range, where the dominant frequencies of typical earth-

quakes may extend, by means of isolation system elements. Thus, detrimental effects 

of the earthquakes which contain high frequencies and sharp accelerations (such as 

far-fault ground motions) on structures can be effectively reduced by flexible isola-

tion systems (Makris, 1997). Thanks to its abovementioned advantageous features, 

seismic isolation technology is preferred for particularly mission-critical structures 

such as hospitals, data centers, scientific research centers, museums, etc., which gen-

erally house vibration-sensitive contents or precious historical artifacts.  

On the other hand, seismic demands of seismically isolated structures may in-

crease in case of rapid and strong-ground motions such as near-fault ground motions 

(Makris, 1997), which typically contain velocity pulses with long periods (Agrawal 

and He, 2002). Furthermore, overlapping of long fundamental periods of seismically 

isolated buildings with the large pulse periods of the near-fault earthquakes may drive 
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the structure into the resonance range (Sargēn et al., 2017). The design limits for the 

base displacements may be exceeded by isolation system displacement demands and 

therefore isolators may buckle and/or rupture (Alhan and Hēĸman, 2016). At very 

high shear strain levels, shear failure could be observed in those isolators (Montuori 

et al., 2016). In addition, in case floor accelerations sustained during such motions 

exceed certain limit values that are critical for vibration-sensitive equipment which 

must go on serving even during an earthquake, such equipment may fail (Gazi and 

Alhan, 2019). Sometimes, even failure of a single vibration-sensitive content housed 

in mission-critical structures may cause significant economic losses. Moreover, if the 

abovementioned failure modes occur in a significant number of isolators almost sim-

ultaneously, this may lead to the collapse of the whole isolation system (Cardone et 

al., 2019). 

Due to the aforementioned negative aspects, researchers focused on investi-

gating the dynamic response of seismically isolated structures under near-fault 

ground motions (e.g. Lu et al., 2008; Mazza and Vulcano, 2009; Alhan et al., 2016). 

Recently, Gazi and Alhan (2018, 2019) investigated the probabilistic behavior and 

reliability of base-isolated buildings equipped with elastomeric isolators under his-

torical near-fault earthquakes by taking into account the uncertainties in isolation 

system elements while ¥nc¿-Davas and Alhan (2019a, 2019b) investigated the prob-

abilistic behavior and reliability of semi-active isolated buildings under near-fault 

earthquakes. However, systematic studies based on the ground motion properties 

such as moment magnitudes, fault distances, pulse periods, pulse velocities and/or 

pulse damping ratios cannot be carried out using a limited number of actual historical 

records (He and Agrawal, 2008). At this point, scarcity of available historic near-

fault ground motion records has directed the researchers to use of synthetic pulse-

like ground motion models which can be used in lieu of real near-fault ground motion 

records. There are a number of analytical pulse models (Makris and Chang, 2000; 

Agrawal and He, 2002; Menun and Fu, 2002; He and Agrawal, 2008) in the literature, 

which were proposed to approximate pulse-like near-fault earthquakes. Of these, the 

effectiveness of equivalent pulse models developed by Makris and Chang (2000) and 

Agrawal and He (2002) for near-fault ground motions regarding drift and accelera-

tion responses of base-isolated buildings is investigated by Gazi et al., 2015 and 

¥nc¿-Davas et al., 2015. Likewise, success of those pulse models in representing 

displacement and shear force responses of seismically isolated liquid storage tanks 

are investigated by ¥nc¿-Davas et al., 2018. In addition, use of synthetic pulse mod-

els for assessing near-fault earthquake behavior of base-isolated buildings consider-

ing lead core heating is investigated by Kanbir et al. (2018, 2019). 
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In this study, the success of the decaying sinusoidal pulse model, which was 

proposed by Agrawal and He (2002) to represent near-fault ground motions, in cap-

turing the floor response spectra is investigated. A benchmark six-story (including 

the base floor) seismically isolated building is analyzed by nonlinear time history 

analysis method under both a real near-fault earthquake record and the equivalent 

Agrawal and He (2002) pulse model representing this record. Then, in order to reveal 

the effectiveness of the pulse model in representing the related responses of two 

equipment (modeled as single degree of freedom systems) located on the base and 

the top floors of the building, the similarities and differences between the displace-

ment, velocity and acceleration spectra of those floors obtained for real and synthetic 

pulse records are assessed in a comparative manner.  

 

1.2. Historical Near-Fault Earthquake and  Pulse Model 

Ground motions in the near-fault zone can be significantly influenced by fac-

tors such as the fault mechanism, the shear direction of the fault, and the permanent 

displacement in the field as a result of tectonic movement (Bray and Rodriguez-Ma-

rek, 2004). The near-fault ground motions, which occur at a distance approximately 

within 10~15 km to the fault, may contain long-period large-amplitude velocity 

pulses. In order to answer the need for synthetic pulse-like ground motion records to 

be used in research related to near-fault earthquake behavior of structures, many re-

searchers have proposed various synthetic pulse models. Among them, Agrawal and 

He (2002) pulse model is a very popular one, particularly for use in parametric stud-

ies, that represents the effects of near-fault ground motions in the form of a decaying 

sinusoid. The velocity and acceleration functions proposed by Agrawal and He 

(2002) are given in Eq. (2.1) and Eq. (2.2), respectively, where ɕp is the damping 

factor of the decaying sinusoid, s is the initial amplitude of the pulse, and ɤp is the 

frequency of the sinusoid.  ɕp, s, ɤp are the pulse parameters that control the shape 

and duration of velocity pulse.  

( ) sin( )tv t se ta b=       (2.1) 

[ ]( ) sin( ) cos( )ta t se t ta a b b b= +
    (2.2) 

Here, Ŭ and ɓ are as follow 

2

pppp 1, z-w=bwz-=a      (2.3) 

In this study, RRS228 component of the 1994 Northridge Earthquake is used 

and retrieved from PEER Strong Ground Motion Database (2005). The peak ground 
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velocity (PGV) and acceleration (PGA) of RRS228 record are 166.1 cm/s and 0.838 

g, respectively. The synthetically generated counterpart of RRS228 record is created 

by using the aforementioned equations. For modeling RRS228 component, the initial 

amplitude of the pulse (s), the frequency of the sinusoid (ɤp), and the damping factor 

of the decaying sinusoid (ɕp) are taken as 2m/s, 6.08 rad/s and 16.4%, respectively 

(Agrawal and He, 2002). The comparative plots of the acceleration, velocity, and 

displacement time history records (a, v, and d) for the actual record and its counter-

part synthetic record and the corresponding 5% damped acceleration, velocity, and 

displacement spectra (Sa, Sv, Sd) versus period (Tn) are given in Figs 1 and 2, respec-

tively. 

 

 

Figure 1. Recorded and generated time-histories for RRS228 record. 
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Figure 2. Recorded and generated 5% damped spectra for RRS228 record. 

 

1. STRUCTURAL MODEL  

A 6-story (including base floor) benchmark seismically isolated building, 

which consists of two parts as superstructure and isolation system, is considered (Fig 

3). The plan is rectangular and composed of 6 bays in X-direction and 4 bays in Y-

direction. The bay width and the floor heights are considered as 5 m and 3 m, respec-

tively. The mass of each floor (including base isolation floor) is assumed as 650 

kNs2/m and lumped at the center of the gravity of the corresponding floor levels. The 

dimension of the columns and beams are 45 cm x 45 cm and 30 cm x 50 cm, respec-

tively. The concrete class is selected C30 for all structural elements. Based on modal 

analyses carried out in SAP2000 (CSI, 2011), the fundamental fixed-base superstruc-

ture period is found to be 0.65s, and the other modal information such as eigenvalues 

and eigenvectors is obtained (¥nc¿-Davas et al., 2015 and Gazi et al., 2015). Then, 

the modal information is used to model the superstructure in 3DBASIS (Nagarajaiah 

et al., 1991).  

The isolation system consists of 35 isolators modeled as smooth bi-linear hys-

teretic elements. The main mechanical parameters of the seismic isolation system are 

the characteristic force (Q), the yield force (Fy), the yield displacement (Dy), the pre-
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yield stiffness (K1), the post-yield stiffness (K2), and the post-yield to pre-yield stiff-

ness ratio (Ŭ). In this study, the isolation period, the yield displacement, and the char-

acteristic force ratio are considered as T0=3.0 s, Dy = 40 mm, and Q/W=5%, respec-

tively. Here, W is the total weight of the building. The other mechanical parameters 

(K1, K2, Fy, and Ŭ) are calculated by equations representing the bilinear force-defor-

mation relationship proposed by Naeim and Kelly (1999). The details of the bench-

mark building can be found in the studies presented by ¥nc¿-Davas et al., 2015 and 

Gazi et al., 2015. Here, two SDOF equipment are considered to be located on the 

base and top floors. However, equipment-structure interaction is ignored. 

 

Figure 3. Typical section of the seismically isolated building 

 

The effective stiffness (Keff) at base displacement D can be calculated using 

the bilinear force-deformation relationship: 

2 /effK K Q D= +       (2.4) 

The effective period (Teff) is then given in Eq. (2.5), where g is the gravitational 

acceleration: 

2 / ( )eff effT W gKp=
      (2.5) 

The area formed by the bilinear force-deformation relationship determines the 

amount of equivalent damping (ɓeff) at base displacement D: 

24 ( ) / (2 )feff y efQ D D K Db p= -
    (2.6) 
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Peak base displacements obtained from nonlinear time-history analyses of the 

seismically isolated building under RRS228 record and its synthetically generated 

counterpart ground motion are given in Table 3.1. Then, the effective period (Teff), 

the effective damping (ɓeff), and the effective stiffness (Keff) values at peak base dis-

placement (D) are calculated via Eqs. (2.4)-(2.6). Teff and ɓeff at peak base displace-

ment obtained for RRS228 and the pulse model are very close to each other. 

 

Table 3.1. The effective period, the effective damping and the effective stiff-

ness values 

 D (m) Keff (kN/m) ɓeff Teff (s) 

RRS228 0.46 20461.39 0.11 2.70 

Agrawal and He (2002) 0.39 21411.07 0.13 2.64 

 

2. TIME HISTORY ANALYSES AND DISCUSSION OF RESULTS  

In order to reveal the effectiveness of the decaying sinusoidal pulse model pro-

posed by Agrawal and He (2002) to represent near-fault ground motions in capturing 

the floor response spectra, the benchmark seismically isolated building described in 

Section 3 is analyzed by nonlinear time-history analysis method under both a real 

near-fault ground motion recorded at the RRS228 station during the 1994 Northridge 

Earthquake and its synthetic counterpart generated using Agrawal and He (2002) 

pulse model (see Section 2). Nonlinear time history analyses are conducted via 3D-

BASIS (Nagarajaiah et al., 1991), which is a computer program developed for three-

dimensional time history analyses of buildings equipped with linear and nonlinear 

isolation systems. It should be noted here that, the results presented herein, in fact, 

represent the success of the subject pulse model to represent the real ground motion 

in capturing the peak acceleration, peak velocity and peak displacement responses of 

SDOF equipment housed inside the benchmark base-isolated building (see Fig. 3). 

The acceleration (Sa), velocity (Sv), and displacement (Sd) response spectra 

obtained as a function of fundamental period of the SDOF equipment (Tn) on the top 

floor of the benchmark building under both historical RRS228 record and its coun-

terpart Agrawal and He (2002) pulse model are presented in Figs. 4a, 4b, and 4c, 

respectively in a comparative fashion. For base floor, they are presented in Figs. 4d, 

4e, and 4f, respectively. As seen in these figures, all floor response spectra obtained 

for both floors under RRS228 record and Agrawal and He (2002) pulse model follow 

similar trends at the same period ranges. That is, for both base and top floors, the 
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response spectra (Sa, Sv, and Sd) obtained for the RRS228 record and the Agrawal 

and He (2002) pulse model exhibit noteworthy differences at the period range higher 

than about 1.5 s, whereas they are closer to each other at the period range lower than 

about 1.5s. The similarities and differences between the floor displacement, velocity 

and acceleration spectra obtained for the real and counterpart synthetic pulse records 

are evaluated using the error rate formulation given in Eq. (4.1) and presented in the 

form of comparative graphs given in Fig. 5.  

( ) ( ) 100×=% 228228

__

)2002( RRSRRSHeandAgrawal SpectrumSpectrumSpectrumrateError        (4.1) 

It is observed from the error rates calculated for the peak acceleration re-

sponses of the SDOF equipment (Fig. 5a) that the differences between the Sa values 

obtained for the real and the synthetic pulse records are in the range of about 7% ~ 

14% on both top and base floors at the lower period range of Tn Ò 1.5s, while they 

are about 38% ~ 49% on both top and base floors at the higher period range of Tn 

>1.5 s. For the peak velocity responses of the SDOF equipment (i.e. for Sv), the sub-

ject error range is 2% ~ 30% and 40% ~ 49% on both top and base floor at the lower 

period range of Tn Ò 1.5s and the higher period range of Tn > 1.5 s, respectively. 

Moreover, the error rates for the peak displacement responses of the SDOF equip-

ment (i.e. for Sd) on both floors are almost the same with the corresponding ones 

calculated for Sa at both the lower (Tn Ò 1.5s) and relatively higher period ranges (Tn 

> 1.5 s). 

On the other hand, it is seen from Fig. 2 that the spectral response plots for the 

recorded and the generated spectra of RRS228 (ground level) appear to be much 

closer to each other when compared to floor response spectra plots obtained for the 

same records on both top and base floors given in Fig 4. All three ground response 

spectra of the sinusoidal pulse model match well to those of the real ground motion 

(Fig. 2), except for Sa at the period range lower than about 1.0s (Fig. 2a) and Sd at the 

period range higher than about 1.0s (Fig. 2c). The abovementioned differences seen 

between the acceleration spectra for the lower period range occur due to the fact that 

Agrawal and He (2002) pulse model excludes low period (high frequency) compo-

nents of the real ground motion records (He and Agrawal, 2008).  
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Figure 4. Comparison of 5% damped floor response spectra (top and base floors). 

 

When it comes to the error rates for recorded and generated ground spectra for 

RRS228, it is seen from Fig. 6 that the differences between Sa values obtained for the 

real and the synthetic pulse records are in the range of about 4% ~ 19% at the lower 

period range of Tn Ò 1.5s, while they are in the range of about 12% ~ 28% at the 
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higher period range of Tn > 1.5 s. In addition, the differences between Sv values ob-

tained for the real and the synthetic pulse records are in the range of about 1% ~ 16% 

at the lower period range of Tn Ò 1.5s, while they are in the range of about 5% ~ 20% 

at the higher period range of Tn > 1.5 s. Similar to the floor response spectra, the error 

rates calculated for Sd values obtained for the real and the synthetic pulse records are 

almost the same with the corresponding ones calculated for Sa values at both the 

lower (Tn Ò 1.5s) and relatively higher (Tn > 1.5 s) period ranges. Although some 

error rates may seem high, it should be noted that the numerical differences between 

the recorded and generated spectral values are small and may be considered as insig-

nificant for some periods. In order to clarify this issue, recorded and generated %5 

damped spectral values for the top and base floors and the ground level are also pro-

vided in Table 5.1. 

 

 

Figure 5. Error rates for 5% damped floor spectra (top and base floors). 
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Table 5.1. Spectral values (%5 damped) for the top floor, the base floor, and 

the ground 

Sa 

(m/s2) 

Period 

(s) 

Top Floor Base Floor Ground 

RRS22

8 

Agrawal and 

He 

RRS22

8 

Agrawal and 

He 

RRS22

8 

Agrawal and 

He 
0.5 4.376 3.990 3.168 2.950 17.399 20.686 

1.0 5.062 5.746 3.559 3.929 17.991 20.723 

1.5 6.032 5.641 5.165 4.508 9.877 9.515 

2.0 6.895 4.299 6.158 3.838 5.636 5.009 

2.5 6.687 3.895 6.207 3.592 3.439 2.636 

3.0 5.762 3.087 5.414 2.898 2.609 1.880 

3.5 4.219 2.171 4.022 2.065 1.960 1.452 

4.0 2.890 1.718 2.777 1.641 1.484 1.154 

Sv 

(m/s) 

Period 

(s) 

Top Floor Base Floor Ground 

RRS22

8 

Agrawal and 

He 

RRS22

8 

Agrawal and 

He 

RRS22

8 

Agrawal and 

He 
0.5 0.286 0.200 0.187 0.136 1.066 1.237 

1.0 0.567 0.706 0.417 0.452 2.987 3.250 

1.5 1.165 1.135 0.869 0.887 2.600 2.590 

2.0 2.064 1.236 1.836 1.052 2.390 2.121 

2.5 2.730 1.569 2.416 1.440 2.098 1.874 

3.0 2.941 1.508 2.718 1.389 1.737 1.663 

3.5 2.587 1.389 2.412 1.322 1.779 1.498 

4.0 2.188 1.193 2.003 1.131 1.824 1.465 

Sd (m) 

Period 

(s) 

Top Floor Base Floor Ground 

RRS22

8 

Agrawal and 

He 

RRS22

8 

Agrawal and 

He 

RRS22

8 

Agrawal and 

He 
0.5 0.028 0.025 0.020 0.019 0.110 0.131 

1.0 0.128 0.145 0.090 0.099 0.453 0.522 

1.5 0.343 0.320 0.293 0.256 0.559 0.539 

2.0 0.696 0.434 0.621 0.387 0.568 0.503 

2.5 1.054 0.614 0.978 0.566 0.536 0.413 

3.0 1.306 0.700 1.227 0.657 0.584 0.419 

3.5 1.302 0.670 1.241 0.637 0.595 0.437 

4.0 1.164 0.691 1.118 0.661 0.590 0.451 
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Figure 6. Error rates for 5% damped spectra for recorded  

and generated RRS228 (ground). 

 

3. CONCLUSIONS 

Pulses with high velocities can be seen in ground motions in near-fault areas 

during earthquakes. Due to the small number of actual near-fault ground motion rec-

ords, such motions are represented by equivalent pulse models and produced syn-

thetically. In this study, the success of Agrawal and He (2002) decaying sinusoidal 

pulse model to represent near-fault ground motions in capturing the floor response 

spectra is investigated in the context of a benchmark six-story (including base floor) 

seismically isolated building.  

Nonlinear time history analyses are carried out under both the RRS228 com-

ponent of the 1994 Northridge Earthquake and the equivalent pulse model represent-

ing this record. In order to reveal the effectiveness of the pulse model, the accelera-

tion (Sa), velocity (Sv), and displacement (Sd) response spectra are obtained as a func-

tion of fundamental period of a SDOF equipment (Tn) located on the top and base 

floor of the benchmark building under both RRS228 record and its counterpart pulse 

model. Comparison of these floor spectra showed that: 

1. For both base and top floors, Sa, Sv, and Sd obtained for the RRS228 record 

and the Agrawal and He (2002) pulse model exhibit noteworthy differences at the 

period range higher than about 1.5 s, whereas they are closer to each other at the 

period range lower than about 1.5s.  
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2. It is observed from the error rates calculated for Sa and Sd values obtained 

for the real and the synthetic pulse records are in the range of about 7% ~ 14% on 

both floors at the lower period range of Tn Ò 1.5s, while they are about 38% ~ 49% 

at the higher period range of Tn Ó 2.0 s. For Sv, the subject error range is 2% ~ 30% 

and 40% ~ 49% for the aforementioned period ranges, respectively.  

3. The spectral response plots for the recorded and the generated spectra of 

RRS228 (ground level) appear to be much closer to each other when compared to 

floor response spectra plots obtained for the same records on both top and base floors.  

4. Although some error rates may seem high, it should be noted that the nu-

merical differences between the recorded and generated spectral values are small. 

Furthermore, the pulse model is not expected to simulate all the details of the real 

record, rather, it is expected to give some acceptable ballpark values for it to be con-

sidered as a viable synthetic record to be used in lieu of real records for examining 

floor spectra and thus seismic behavior of contents of seismically isolated buildings 

that can be modeled as SDOF systems. 

In the context of future studies, other aspects, including different isolation sys-

tem properties, different earthquake records, and different pulse models can be taken 

into account.  
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¥ZET: Ulaĸtērma sistemlerinin, ­evresindeki bºlgeler ¿zerindeki etki-

leri uzun zamandēr araĸtērēlan bir konudur. Bunun temel sebeplerinden birisi ise 

ĸehir n¿fusunun hēzlē artēĸē sebebiyle yeni bºlgeler kurulmasē ya da mevcut yer-

leĸim alanlarēnda artan n¿fusa baĵlē olarak yeni ulaĸtērma sistemlerine talebin 

artmēĸ olmasēdēr. Ulaĸtērma sistemlerinin civar yerleĸkeler ¿zerindeki etkileri-

nin incelenmesi ve analizleri, planlanan projelerin uygulanmasē doĵrultusunda 

ilgili devlet kurumlarēna rehberlik saĵlanmasē a­ēsēndan ºnem teĸkil etmekte-

dir. Bu ­alēĸmada, emlaklarēn metrob¿s hattē ¿zerindeki en yakēn duraklara olan 

mesafelerinin ve bulunduklarē mahallenin bilgileri kullanēlarak, emlak fiyatla-

rēnē tahmin etmeye ­alēĸan bir model kurulmuĸtur. Lineer regresyon ve rastgele 

orman algoritmasē (ROA) yºntemleri kullanēlarak oluĸturulan modellerin per-

formanslarē karĸēlaĸtērēlmēĸtēr. Toplu taĸēmaya yaklaĸtēk­a fiyatēn artmasē ana-

liz ºncesi beklenen bir durumdur. Ancak, analiz ºncesi yapēlan korelasyon tes-

tinin sonucunda bu beklentinin tam tersi bir sonu­ elde edilmiĸtir. Bu durum 

emlak fiyatlarēnēn toplu taĸēmaya olan mesafesi dēĸēnda baĸka etkenlerin de 

mevcut olduĵunu desteklemektedir.  Emlak fiyatlarē ve bunlarēn metrob¿s du-

raklarēna olan mesafelerin arasēnda zayēf ve lineer olmayan bir iliĸki olmasēn-

dan dolayē, lineer regresyon modeli ele alēnan en uzak mesafe arttēk­a daha 

zayēf performans gºstermeye baĸlamēĸtēr. ROA kullanēlarak oluĸturulan model 

ise daha d¿zensiz bir performans gºstermektedir. En fazla metrob¿s durakla-

rēndan 2000 metre uzakta olan emlak fiyatlarē incelendiĵinde en iyi perfor-

mansē, 2900 metre uzakta olan emlak fiyatlarēnē incelediĵinde en zayēf perfor-

mansē gºstermiĸtir. Gelecek ­alēĸmalarda ROA gibi farklē veri madenciliĵi 

yºntemleri (Destek­i Vektºr Regresyon modellemesi, Gradyan Artērma vb.) ve 

daha detaylē veri setleri kullanēlarak modeller oluĸturulmasē hedeflenmektedir. 

Anahtar sºzc¿kler: Veri madenciliĵi modellemesi, Toplu taĸēmanēn 

konut fiyatlarē ¿zerindeki etkisi. 
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Investigation of the Effects of Transportation Systems on the Preferences 

for Living Spaces 

 

ABSTRACT: The effects of transportation systems on its vicinity has 

been a popular investigation topic. The main reason behind that popularity is 

that the population of cities have been increased rapidly and caused a need for 

either new living spaces or new transportation systems. The analysis of the ef-

fects of new transportation projects in the vicinity is important for guiding to 

the policy makers at implementation of proper transportation systems. In this 

study a model which predict the real estate prices is established by using the 

direct distances of real estate properties to the closest BRT stations and the 

neighborhood characteristics. The performances of the established models are 

compared by using linear regression and random forest algorithm (RFA). The 

closer real estate properties to the BRT stations are expected to have higher 

prices. However, the correlation test performed before the analysis have shown 

a directly opposite result from the expectations. This output supports the exis-

tence of other external factor that might have an effect on the real estate prices 

rather than the direct distances to the BRT stations. Due to the prices of the real 

estate properties and their direct distances to the BRT stations have a weak and 

nonlinear relationship, as the direct distance between the real estate property 

and the closest BRT station increases the performance of the linear regression 

model decreases. On the other hand, the model that is created by RFA shows a 

more irregular performance. When the dataset is limited to a real estates that 

are at most 2000 meters away from the closest BRT line, RFA shows its best 

performance at predictions, however when the dataset is limited to real estates 

that are at most 2900 meters away from the closest BRT station, the RFA model 

shows its worst performance at predictions. In future studies, different types of 

data mining methods (Support Vector Regression, SVR; Gradient Boosting, 

GB; etc.) and more detailed datasets will be used in order to establish the pre-

dictive models. 

Keywords: Data mining modelling, Effect of public transport on pro-

perty prices  

 

 

1. INTRODUCTION  

The effects of transportation systems on its vicinity has been an interesting 

topic for researchers for many years and it is expected to keep its popularity in the 

future. One of the main reasons for that is establishment of new counties or the inc-

rease in the demand for public transportation systems in existing counties due to rapid 

increase in the population. Hereby, introduction of new transportation systems to the 

cities increases the necessity to investigation of the effects of the transportation sys-

tems on its vicinity. These investigations and the results obtained from the analyses 



Ulaĸēm Sistemlerinin Yaĸam Alanē Tercihine Etkisinin Ķncelenmesi 

109 

are important for guiding to the policy makers for dealing with negative effects and 

implementation of new projects. There are lots of studies in the literature focusing 

on the relationship between transportation systems and property prices (Munoz-Ras-

kin 2010, An  et al. 2010, Pagliara & Papa, 2011, Dube® et al. 2013, Seo  et al. 2014, 

Eggermond  et al. 2015, Mulley  et al. 2016, Yang  et al., 2016, Wagner  et al. 2017, 

Pilgram & West, 2018).  

It is not possible to transfer the outputs of this study to other studies directly 

due to its locality. However, a comprehensive review of the literature has revealed 

that there is a direct and statistically important relationship between the transporta-

tion systems and the property prices (Ryan 1999, Debrezzion et al. 2006, Mohammad 

et al. 2013). In some studies it is observed that proximity to transportation systems 

has a negative effect on the property prices   (Efytmiou et al. 2013, Pagliara & Papa, 

2011, Bohman & Nilsson 2016,   Beimer & Maenning, 2017).  On the other hand, 

some studies revealed that the proximity to transportation systems have increased the 

prices of the properties (Rodriguez & Targa 2003, Hess & Almeida 2007, Martinez 

& Vegas 2009, Seo  et al. 2014, Yang  et al. 2016, Mulley  et al. 2016, Paul & Cohen 

2017, Dziauddin 2019). Additionally, in some regions depending upon the distance 

between the transportation systems and the properties, the effects might change. The-

refore, a zone is generally defined and analyses are performed within those zones 

(Munoz-Raskin 2010, Eggermond et al. 2015, and Mulley et al. 2016). This zone is 

termed as catchment area in most of the studies and this catchment area varies 

between 400m - 3000m in different studies. Since the properties are spread over a 

large geographical zone and possibility to obtain a large Number of data point in a 

single region, the beneficial part of the dataset on which the expected effects can be 

observed, should be determined. It is possible to set a predictive model for the pro-

perty prices by using the desired variables in a simple linear regression. However, 

when the relationship is not strongly linear, it is better to utilize different adaptive 

techniques. Random Forest Algorithm (RFA) creates a decision tree (Breiman, 1984) 

and prevents the overfitting problem (Friedman et al., 2008, Breiman et al., 2001). It 

is both possible to create classification models (Castro et al., 2018) and regression 

models (Wang et al., 2018) using RFA. RFA is collective learning tool and it tolerates 

the inconsistent outputs of decision tree models and extreme learning problem (Bre-

iman, 1994). One example of the usage of RFA is the study of Uriarte & Andr®s 

(2006)   about genetic selection classification. Additionally, Culter et al. (2007) stu-

died the classification of plants in ecology, Sun et al. (2016) studied solar radiation 

in different regions. RFA technique can be used in many different areas and it per-

forms better than any other popular machine learning tools (decision tree models, 

support vector machine etc.) 
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In this study, it is aimed to set a model which predicts the property prices. The 

relative distances of the properties to the closest BRT stations and the neighborhood 

information are used for analyses. The models are predicted by linear regression and 

RFA methods and then the performances of the models are compared. The increase 

in the property prices as the distance to the stations decrease is an expected output. 

Different values for the maximum distances between the property prices and the BRT 

stations are used for setting various models and then the performances of the models 

are predicting the prices of the properties are compared. 

 

2.METHODOLOGY and THEORY  

2.1. Linear Regression Models 

Linear regression model is a simple and applicable method which is very com-

monly used for analyzing the effect of one or mode independent variable on depen-

dent variable. A general form of linear regression model is as follows:  

 

Yi = Ŭ + ɓ1x1 + ɓ2x2+ ɓ3x3 + ɓ4x4+Ůi (1) 

  

Where, ὣ is the dependent variable, ‌ and ‍ are Constant coefficients of the 

Variables and ‐ refers to the error term. In this method main purpose is defining the 

relationship between X and Y by using the coefficients. F and t tests help to check 

whether the model and the coefficients are statistically meaningful or not. Similarly 

, it is possible to analyze the relationship between the dependent variable and inde-

pendent variables when more than one independent variable is used. It is possible to 

use categorical and numerical variables in this method (Moutinho ve Hutcheson, 

2011). In this study, this method is preferred due to its simplicity and ease of unders-

tanding.  

 

2.2. Random Forest Algorithm 

Random forest algorithm generates multiple decision trees while applying reg-

ression. Each of these decision trees present their prediction results by using a diffe-

rent subset of the original data set. The average value of these predicted values will 

be the final prediction of the random forest algorithm. As a rule of thumb 70% of the 

dataset is used as training the model whereas the remaining 30% is used for testing 

the generated model. The random forest algorithm generates multiple subsets and 
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generated multiple decision tree models by using each of these subsets. By doing so 

the problem of overfitting and distortions due to outliers can be prevented (Breiman 

et. al. 2001). Figure 1 shows how the final model is constructed by using this algo-

rithm.  

 

Figure 1. The process of generating a random forest model. 
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The original dataset is divided into 2 subsets based on a pre-determined rule: 

training and testing dataset. Afterwards n subsets are generated by sampling with 

replacement from the training dataset. Using each of these subsets and selecting ran-

dom parameters n many models are generated. Due to the fact that the problem here 

is a regression problem, the average value of the provided results from each of these 

models will be the final answer of the random forest algorithm. In cases of classifi-

cation, the class that the majority of the models decide on will be accepted as the 

final result of the random forest algorithm. 

 

3. ANALYSIS 

3.1. Descriptive Properties of the Real-Estate Dataset 

For constructing this real-estate dataset, multiple real-estate agencies in the 

Beylikd¿z¿ region have been visited. Accurate price and location information about 

the real-estates were collected. Bird flight distance between the location of the real 

estate and the closest metrobus station were calculated. The goal is to develop a mo-

del which can estimate the cost of the real estates, using the neighborhood informa-

tion and the real-estate and metrobus station distance. The most expensive and eco-

nomical houses cost 4,650,000TL and 18,000TL respectively. In addition, the shor-

test and longest distances between the houses and metrobus stations are 47,70 meters 

and 5527,54 meters (Figure 2). 

 

 

Figure 2. The price of real estates for different distances between metrobus stations 

and real estates (different colors stand for different neighborhoods). 
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By using linear regression and random forest algorithm, these models will be 

generated. By changing the maximum distance between the real estates and the met-

robus stations, the performances of the models will be evaluated for different subsets 

of datasets. 32 different models will be developed. The models will consider distan-

ces between 1500 meters and 3000 meters with increments of 100 meters. Before 

developing the models, a correlation analysis was conducted (Figure 3). It can be 

observed that the correlation between the distance between real estate and metrobus 

station and the real estate price is always positive. In an ordinary scenario, the expec-

tation is that as the distance between the public transportation system decreases, the 

cost of the real estate increases. This result shows that there are other factors that do 

influence this relation. In addition, the fact that the correlation values do not change 

monotonously supports this outcome. 

 

Figure 3. The correlation values for distances between  

BRT stations and real estate locations 

 

3.2. Linear Regression Models 

The performance of the linear regression models which considers different 

maximum values between the real-estate and the metrobus can be observed in Table 

1. Root mean square error (RMSE) was considered in order to compare the perfor-

mances of the models. The best model was developed, when only real-estates that 

are 1500 meters away from a metrobus station were considered. As this distance inc-

reases, the error values also increased in a non-monotous manner. As this distance 
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increases, real estates from different neighborhoods are coming into consideration, 

which makes this outcome expected.  

 

Table 1. Performance of the linear regression models in different scenarios. 

Maximum distance that is con-

sidered (meters) 

Number of real estates consi-

dered in the scenario 
RMSE (TL) 

1.500 1.363 130.689,50 

1.600 1.426 131.783,00 

1.700 1.467 131.756,70 

1.800 1.520 133.337,30 

1.900 1.575 132.788,90 

2.000 1.633 132.059,90 

2.100 1.663 131.988,90 

2.200 1.696 132.355,70 

2.300 1.732 131.962,90 

2.400 1.770 142.816,10 

2.500 1.799 142.597,30 

2.600 1.834 142.885,70 

2.700 1.861 142.614,70 

2.800 1.896 143.589,30 

2.900 1.937 144.822,90 

3.000 1.961 144.954,20 

 

3.3. Random Forest Models 

The performance of the random forest models which considers different maxi-

mum values between the real-estate and the metrobus can be observed in Table 2. 

With this algorithm the best model based on the explained variance values, is the 
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model generated when the maximum distance between real-estate and metrobus sta-

tion is 2600 meters. However, when RMSE values are considered the model genera-

ted when the maximum distance between real-estate and metrobus station is 2000 

meters is the best performing model. By using random forest algorithm, the probabi-

lity of predicting extreme values decreases due to the fact that the algorithm generates 

multiple subsets of the original dataset. The impact of outliers has also been decrea-

sed due to the same reason. The fact that the dataset contains only a few parameters, 

makes the model that was developed by using random forest algorithm more suc-

cessful than the linear regression model. However, in order for the developed model 

to reach its full potential a more detailed dataset must be generated.  

 

Table 2 Performance of the random forest models in different scenarios. 

Maximum dis-

tance that is 

considered (me-

ters) 

Number of 

real estates 

considered 

in the sce-

nario 

Explained vari-

ance (%) 

RMSE of the Sub-

sets (TL) 

RMSE (TL) 

1.500 1.363 24,25964 1,748E+10 133442.30 

1.600 1.426 22,18026 1,903E+10 125092.80 

1.700 1.467 23,36563 1,895E+10 122196.90 

1.800 1.520 25,27821 1,947E+10 122645.60 

1.900 1.575 31,39475 1,574E+10 151653.80 

2.000 1.633 27,53488 1,972E+10 113210.90 

2.100 1.663 28,67385 1,828E+10 130574.00 

2.200 1.696 28,74521 1,816E+10 128322.90 

2.300 1.732 28,18653 1,855E+10 124809.60 

2.400 1.770 26,69756 2,307E+10 131473.20 

2.500 1.799 28,94535 2,078E+10 145708.00 

2.600 1.834 36,27117 1,891E+10 162668.30 

2.700 1.861 33,28349 1,950E+10 156014.40 

2.800 1.896 30,70877 1,949E+10 160912.10 

2.900 1.937 32,14971 1,844E+10 168800.20 

3.000 1.961 29,69892 2,311E+10 124258.80 
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Unlike the linear regression model, the performance of the random forest mo-

del changes irregularly as the maximum distance between real estate and metrobus 

station changes. This result indicates that there are other factors that influence the 

real estate prices besides these distances and the neighborhood. The linear regression 

model cannot capture this influence and therefore, its error values increase in an or-

dinary fashion as the maximum considered distance increases. The performance of 

the models by using linear regression and random forest algorithm are shown in Fi-

gure 4. 

 

 

Figure 4. The RMSE values for distances between  

BRT stations and real estate locations 

 

4. CONCLUSION 

In this study, a model was developed which estimated prices of real estates 

using the distance between the real-estate and the metrobus station and the neighbor-

hood that the real estate is located. Linear regression and random forest models were 

selected and their performances were compared. The expectation was that as the dis-

tance between the real-estate and the metrobus station decreased the price of the real-

estate would increase. However, the correlation analysis that was conducted before 

developing the model, showed that the real scenario was different. For cases where 

different distances were considered, the results did not change. This outcome shows 

that there are other influences that have an impact on the price of the real estate. The 

correlation analysis showed that there is a very weak and non-linear relationship 

between the real estate price and the distance to metrobus stations. Therefore, the 
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linear regression modelôs error increases as the considered maximum distance incre-

ases. The performance of the random forest model was more irregular. The best and 

worst performance of the random forest model was displayed when the maximum 

considered distance was 2000 meters and 2900 meters respectively. In Beylikd¿z¿, 

as the one moves away from the Metrobus stations, they come closer to the Marmara 

Sea and the TEM Highway. The fact that the prices of houses close to the sea and the 

houses being located in building estates next to the TEM Highway, can be the reason 

of these outcomes. Even though these information are not specified in the dataset, 

the performance of the random forest model shows that the random forest algorithm 

is more suited to reflect the influence of the factors that are not present in the original 

dataset. Instead of using simple linear regression models, by using random forest 

algorithm and a more detailed dataset, better models can be developed and the im-

portance of multiple parameters on a pre-determined dependent variable can be sor-

ted. This will show that which variables are more important in different scenarios. 

Future studies will include analysis that will make use of a more detailed dataset and 

other data mining methods such as support vector machines and gradient boosting. 
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ALTINķEHĶR (ADIYAMAN) B¥LGESĶNĶN ZEMĶN 

TAķIMA G¦C¦ HARĶTASI 

Dr. ¥ĵr. ¦yesi Mehmet S¥YLEMEZ 

Adēyaman ¦niversitesi 

¥ZET: Adēyaman ĸehir merkezi, Adēyaman ¿niversitesinin kurulduĵu 

2006 yēlēndan buyana hēzlē n¿fus artēĸē, ¿niversite kamp¿s¿, oteller ve kºpr¿ler 

gibi inĸaat yapēlarē bakēmēndan s¿rekli bir geliĸim gºstermektedir. Bu durum 

yeni yapēlaĸma alanlarēnēn oluĸturulmasēnē zorunlu kēlmaktadēr. Yapē tipleri ve 

konumu ile zemin katmanlarē ve yeraltē su seviyesi durumu zeminin taĸēma 

g¿c¿ kapasitesini etkilemektedirler. Bu ­alēĸmadaki ama­ hēzla yapēlaĸan Al-

tēnĸehir (Adēyaman) semti imara a­ēk alanēnēn zemin taĸēma g¿c¿ haritasēnē 

yapmaktēr. Altēnĸehir (Adēyaman) semtindeki zeminin taĸēma g¿c¿ verileri 

ºzel firmalar tarafēndan a­ēlan 103 adet sondaj kuyusundan alēnmēĸtēr. ¢alēĸ-

manēn akēĸē; Altēnĸehir bºlgesinin topografik haritasēna verilerin toplanmasē, 

gruplandērēlmasē, iĸlenmesi ve ­izilmesi yºntemiyle yapēlmēĸtēr. Altēnĸehir bºl-

gesinde, farklē parsellerin sondajlarēna dayanan 103 zemin et¿t raporu incelen-

miĸ ve bu parsellerin nihai zemin taĸēma kapasitesi deĵerleri dikkate alēnmēĸtēr. 

Sonu­lar, izin verilen nihai taĸēma kapasitesi aralēĵēnēn en d¿ĸ¿k 14,5 t / m2 

deĵeri olduĵunu ve bu alan i­in en y¿ksek deĵerin 18,9 t / m2 olduĵunu gºs-

termektedir. Bu veriler analiz edilerek 1,5 - 4 metre derinlikteki zemin taĸēma 

g¿c¿ deĵerleri sahanēn 1/20000 ºl­ekli topoĵrafik haritasēna iĸlenip, NetCad 

programēyla eĸ taĸēma g¿c¿ deĵerleri birleĸtirilerek taĸēma g¿c¿ haritasē oluĸ-

turulmuĸtur. Bu haritalar ­alēĸēlan t¿m alanlarē kapsar ve kontur ­izgileri kulla-

nēlarak veri i­ermeyen alanlar i­in yaklaĸēk deĵerler elde edilebilir. 

Anahtar Kelimeler: Zemin, Taĸēma g¿c¿ haritasē, Adēyaman, Altēnĸe-

hir 

 

Soil Bearing Capacity Map of Altēnĸehir (Adēyaman) Province 

 

ABSTRACT: Adēyaman city has been facing a fast population growth 

and continuous development in constructions such as university complex, ho-

tels and bridges since the establishment of Adēyaman University in 2006. This 

situation requires the creation of new settlement areas. The type and the loca-

tion where the stratum hold and ground water level the soil affect its bearing 

capacity value. This study aims to map the bearing capacity of the foundation 

at Altēnĸehir (Adēyaman) district area. Bearing capacity data for soil in Altēn-

ĸehir (Adēyaman) province from 103 boreholes drilled by the private firms and 



Mehmet S¥YLEMEZ 

122 

their soil investigation reports were used in this research. The performed met-

hods are: collecting, selecting, grouping and plotting the data location on to-

pographic Altēnĸehir map. In the Altēnĸehir region, 78 soil survey reports based 

on drillings of different parcels were examined and the ultimate soil bearing 

capacity values of these parcels were taken into consideration. The results show 

that the allowable ultimate bearing capacity range is the lowest value 14.5 t / 

m2 and the highest value is 18.9 t / m2 for this area. These data were analyzed 

and plotted by NetCad on 1/20000 topographic map, and 1.5 - 4 meters deep 

soils allows for the ultimate bearing capacity created map. Those maps cover 

all the studied areas and by using contour lines, approximate values for no-data 

areas can be obtained. 

Keywords: Soil, Bearing capacity map, Adēyaman, Altēnĸehir 

 

 

1. GĶRĶķ 

Temel, yapēnēn aĵērlēĵēnē zemine aktaran yapēnēn bir par­asēdēr. Zemin ¿zerine 

inĸaa edilen t¿m yapēlarēn sabit ve hareketli y¿kleri temellerle zemine aktērēlēr. Bir 

temel, uygun yapē ile onu destekleyen zemin arasēnda bir baĵlantē kurar. Temel ze-

minin taĸēma kapasitesi m¿hendislik yapēlarē i­in ana tasarēm kriteridir. Geoteknik 

m¿hendisliĵinde zeminin taĸēma g¿c¿, o zemine uygulanan y¿kleri g¿venle taĸēma 

kapasitesidir. Zeminin taĸēma g¿c¿, temel altēndaki zeminin gº­me oluĸturmamasē 

gereken maksimum temas basēncēdēr. Sēnēr taĸēma g¿c¿, zeminin desteklediĵi teorik 

maksimum basēn­tēr, emin taĸēma g¿c¿ ise, sēnēr taĸēma g¿c¿n¿n bir g¿venlik sayē-

sēna bºl¿nmesi ile elde edilen ve m¿hendislik yapēlarēnēn tasarēm hesaplarēnda kul-

lanēlan deĵerdir. 

Herhangi bir m¿hendislik tasarēmēnēn inĸaasēnēn projelendirilmesinde zeminin 

taĸēma g¿c¿ ­ok ºnemli bir faktºrd¿r. Taĸēma g¿c¿n¿n m¿hendislik yapēsēnēn proje-

lendirilmesinde uygun kullanēlmasē, yapēnēn dinamik ve statik y¿kler altēnda zeminin 

yenilmeye, gº­meye uĵramadan g¿venle inĸaasēnē saĵlar (Kadhim vd., 2003). Bir 

m¿hendislik yapēsē temelinin kendi aĵērlēĵē ve kullanēmē s¿recindeki sabit ve hare-

ketli y¿klere karĸē dayanēmē zeminin taĸēma g¿c¿ne baĵlēdēr (Mansour vd., 2016). 

Herhangi bir yapēnēn inĸa edilme s¿recinde kapsamlē bir zemin araĸtērmasē i­in, ko-

nusunda uzman bir ekibe, yorucu, masraflē ve zaman alēcē bir ­alēĸmaya ihtiya­ du-

yulur. Bu nedenle, ĸehirlerdeki yerleĸim alanlarēnēn hēzla geniĸleme zorluklarēnēn, 

geoteknik uygulamalarē a­ēsēndan ¿stesinden gelmek i­in zemin araĸtērma sonu­larē-

nēn daha ºnceden kestirilebilme ihtiyacēnē ortaya ­ēkarmēĸtēr (Dungca vd., 2017). 

Zeminlerin taĸēma g¿c¿, arazide standart penetrasyon (SPT), konik penetras-

yon (CPT) deneyleriyle veya laboratuvarda ºrselenmemiĸ numunelerin ilgili deney 
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sonu­larēndan elde edilen m¿hendislik ve fiziksel ºzelliklerin taĸēma g¿c¿ baĵēntēla-

rēnda kullanēlēp hesaplanmasēyla elde edilir (Terzaghi vd., 1996). 

Zeminlerin taĸēma g¿c¿, zeminlerin kohezyonuna, s¿rt¿nme a­ēlarēna, doy-

gunluk derecelerine, kuru ve doygun birim aĵērlēklarēna, yeraltē su seviyesi gibi ­e-

ĸitli faktºrlere baĵlēdēr (Freeze ve Chery, 1979). Zemin taĸēma g¿c¿ ile m¿hendislik 

yapēsēnēn depremlerden zarar gºrmemesi i­in uygun temel tipi ve t¿r¿, temel derinliĵi 

se­imi,  tahmin edilebilir (Santamarina, 2011). 

Zeminlerin taĸēma g¿c¿ hesaplamalarēnda hangi yºntemlerin kullanēlacaĵēnē 

ºnceden tahmin etme ve araĸtērmalar sonucu hesaplanan deĵerin doĵruluĵunun test 

edilmesinde bu ­alēĸma bir m¿hendislik gereksinimini karĸēlamanēn hēzlē bir yºnte-

mini ºnermektedir. 

 

2. MALZEME VE Y¥NTEM 

Adēyaman merkez il­ede ikamet eden kiĸi sayēsē 2000 yēlēndaki genel n¿fus 

sayēmēna gºre 178538 iken, ĸehir merkezine gº­¿n artēĸē ve ºzellikle 2006 yēlēnda 

Adēyaman ¿niversitesinin kurulmasē sonrasēnda bu rakam bu g¿n 254695 y¿kselmiĸ-

tir (TUĶK, 2019). 

Bu n¿fus artēĸēnēn b¿y¿k bir kēsmē ¿niversite k¿lleyiĸinin de bulunduĵu Altēn-

ĸehir mahallesinde olmuĸtur. Hen¿z Adēyaman ¦niversitesinin kurulmadēĵē 2003 

yēllarēnda Altēnĸehir mahallesindeki geniĸ tarēm arazileri, ¿niversitenin kurulmasēyla 

birlikte yapēlaĸmaya a­ēlmēĸ ve hēzla bug¿nk¿ duruma ulaĸmēĸtēr (ķekil 1 ve ķekil 

2). 

 

ķekil 1. 2003 yēlēna ait Altēnĸehir mahallesi uydu gºr¿nt¿s¿ 
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ķekil 2. 2018 yēlēna ait Altēnĸehir mahallesi uydu gºr¿nt¿s¿ 

Bu ­alēĸma, Altēnĸehir (Adēyaman) mahallesindeki 103 sondaj kuyusunda ya-

pēlan SPT verileriyle hesaplanmēĸ zemin taĸēma g¿c¿ deĵerlerinin, bºlgenin topoĵ-

rafik haritasē ¿zerine iĸlenmesini ve eĸ taĸēma g¿c¿ eĵrilerinin oluĸturulmasēnē i­er-

mektedir. ¢alēĸmanēn olgunlaĸtērēlmasēnda ­izelge 1'den faydalanēlmēĸtēr. 

 

¢izelge 1.  Altēnĸehir mahallesinin taĸēma g¿c¿ haritasēnēn oluĸturulmasēnda 

­alēĸma programē 
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¢alēĸma alanēnēn 1/1000 ºl­ekli dijital topoĵrafik haritasē ile bu g¿ne kadar 

resmi ve ºzel firmalar tarafēndan yapēlan parsel bazlē zemin et¿t raporlarē Adēyaman 

Belediyesi Fen Ķĸleri M¿d¿rl¿ĵ¿nden alēnmēĸtēr. 1/1000 ºl­ekli topoĵrafik haritanēn 

A4 boyutunda gºsteriminde bilgilerin ¿st ¿ste ­akēĸmasēndan sakēnēldēĵē i­in ºl­ek 

1/20000 e indirgenmiĸtir (ķekil 3). 

 

 

ķekil 3. Altēnĸehir bºlgesinin 1/20000 lik parsel haritasē 

 

Altēnĸehir bºlgesinde farklē parsellere ait sondaja dayalē yapēlan 103 adet ze-

min et¿t raporu incelenmiĸ ve bu parsellere ait zemin t¿rleri nazara alēnarak yapēlan 

deneyler sonucu bulunan zemin emin taĸēma g¿c¿ deĵerleri kullanēlmēĸtēr. Bu deĵer-

lerin en d¿ĸ¿ĵ¿ 14.5 t/m2 en y¿kseĵi de 18.9 t/m2 hesaplanmēĸtēr (ķekil 4). 
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ķekil 4. Altēnĸehir bºlgesinin 1/20000 lik taĸēma g¿c¿ haritasē 

 

3. SONU¢ VE ¥NERĶLER 

Altēnĸehir bºlgesinde farklē parsellere ait sondaja dayalē yapēlan 103 adet ze-

min et¿t raporu incelenmiĸ ve bu parsellere ait zemin t¿rleri nazara alēnarak yapēlan 

deneyler sonucu bulunan zemin emin taĸēma g¿c¿ deĵerleri 1/20000 lik topoĵrafik 

haritada ilgili parsellere iĸlenmiĸtir. Parsellere iĸlenmiĸ bu taĸēma g¿c¿ deĵerleri Net-

Cad bilgisayar programēyla 0,1 t/m2 aralēklarla eĸ taĸēma g¿c¿ eĵrileri oluĸturulmuĸ-

tur. Haritaya iĸlenmiĸ bu eĵrilerin en d¿ĸ¿k deĵerleri 14.5 t/m2, en y¿kseĵi de 18.9 

t/m2 olarak ­izilmiĸtir. 

¢alēĸma alanēndaki eĸ taĸēma g¿c¿ haritasē kapsamēnda bulunup hen¿z zemin 

et¿t raporlarē hazērlanmamēĸ parsellerin taĸēma g¿c¿ deĵerleri haritada okunacaĵēn-

dan, yapēlacak zemin et¿t raporlarēna temel teĸkil edecek zemin araĸtērma yºntemle-

rinin se­iminde yol gºsterici olacaĵē umulmaktadēr. 
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Sel­uk ARSLAN 

 

¥ZET: Bu ­alēĸmada ºrg¿s¿z geotekstil bir malzemenin killi ve kumlu 

zeminlerde kayma d¿zleminde i­sel s¿rt¿nme a­ēsēna ve kohezyona olan etki-

sinin nasēl olduĵu tespit edilmeye ­alēĸēlmēĸtēr. Bu ama­la saf kum, saf kil ve 

belli oranlarda kum-kil karēĸtērēlarak elde edilen malzemelerle kesme kutusu 

deneyleri yapēlmēĸtēr. Deneyler 60Ĭ60 mm kesme kutusu ile ve karēĸēmlar %10 

artērēlarak veya azaltēlarak ger­ekleĸtirilmiĸtir. Malzeme suya tam doygun du-

rumdadēr. ¥ncelikle deneylerde belli bir oranda karēĸtērēlmēĸ malzemeye 3 

farklē normal gerilme altēnda kesme kutusu deneyi yapēlmēĸ ve malzemenin i­-

sel s¿rt¿nme a­ēsē ve kohezyonu belirlenmiĸtir. Daha sonra aynē malzemeye 

aynē normal gerilme altēnda iki kutu arakesitine 60Ĭ60mm geotekstil serilerek 

kesme kutusu deneyleri yapēlmēĸ, i­sel s¿rt¿nme a­ēsē ve kohezyonu belirlen-

miĸtir. Farklē iki aĸamada ger­ekleĸtirilen deney sonu­larēna gºre geotekstilin 

i­sel s¿rt¿nme a­ēsēnē artērdēĵēnē ve buna dayanarak zeminin kayma gerilme-

sine olumlu yºnde etki ettiĵi tespit edilmiĸtir. 

Anahtar Kelimeler: Geotekstil, Kesme kutusu, Ķ­sel s¿rt¿nme a­ēsē, 

Kohezyon 

 

The Effect of Clay Content on Shear Parameters in the Surface  

Geotextile Interface 

 

ABSTRACT: In this study, it has been tried to detect how is the effect 

of a webless geotextile material on both the internal friction angle on clayey 

and arenaceous gliding surfaces and on cohesion. In accordance with this aim, 

shear box experiments have been done on materials obtained by either pure 

sand or pure clay or sand-clay mixtures with certain proportions. Experiments 

have been conducted 60x60 mm shear box by increasing or decreasing the pro-

portion by %10. The material is in a fully water saturated condition. Firstly, 

shear box tests have been conducted on the material mixed with certain propor-

tions under three different normal stress and the internal friction coefficient and 
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cohesion of the material have been detected. Afterwards, shear box tests have 

been repeated under the same normal stress by spreading 60x60 mm geotextile 

material in between the two boxes and then the internal friction coefficient and 

cohesion of the material have been detected. According to the experiment re-

sults completed, geotextile has been detected to increase the internal friction 

angle and, as a result, positively affected the gliding stress of the surface. 

Keywords: Geotextile, Shear box, Internal friction angle, Cohesion 

 

 

1. GĶRĶķ 

Geotekstil, Ķnsan yapēsē bir proje, yapē veya sistemin bir par­asē olarak temel 

elemanē, zemin, kaya ve toprakla veya geoteknik m¿hendisliĵi ile ilgili herhangi bir 

malzeme ile kullanēlan ge­irimli tekstil ¿r¿n¿d¿r. Yan ¿r¿nler ise geotekstil tanēmēna 

uymayan fakat geotekstil yerine ya da geotekstille beraber kullanēlan aĵ, ēzgara, ta-

baka, ĸerit, h¿cre vs. ĸeklinde diĵer malzemeler olarak tanēmlanmēĸtēr (ASTM). 

Geotekstillerin kullanēlmasēyla bazē yapēlar teorik olarak gº­meye ­ok yakēn 

olmalarēna raĵmen ger­ekte gº­me olmadan stabil kalabilmektedirler. Tekrarlē y¿k-

lere maruz kalan kaplamasēz yollarda ya da buna benzer yapēlarda zemin tabakalarē 

geotekstil serilerek korumaya alēnērsa yapēnēn ºmr¿ uzamaktadēr ve dayanēmēnē ar-

tērmaktadēr. 

Zemin-geotekstil iliĸkisinin daha iyi anlaĸēlmasē i­in geotekstille tasarēmē da 

geliĸtirmektedir. Geotekstilin davranēĸēnda kendi mekanik ºzelliklerinin yanē sēra bu-

lunduĵu ortamlada iliĸkilidir. Yapēlan ­alēĸmalar geotekstillerin daha etkili kullanē-

mēnē saĵlamaktadēr. Detaylē tasarēm, araĸtērma ve uzmanlaĸma bu bakēmdan ºnemli-

dir. ¥rneĵin geotekstilin bulunduĵu yerlerde genellikle bir gerilme bulunur. Bu ge-

rilme hidrostatik, mekanik ya da baĸka etkilerle oluĸup deĵiĸik sebeplerle gerilmeler 

artabilir. Barajlarda ge­irimsizliĵin kil ­ekirdekle, dayanēmēn ise kaya dolguyla saĵ-

lanmaktadēr. Bu durumlarda ­ekirdekle kaya dolgunun temas ettiĵi bºlge olduk­a 

hassastēr. Nedeni ise, bu bºlgede y¿ksek su basēncē nedeniyle borulanma, kayma ge-

rilmesi yoĵunlaĸmasē sebebiyle de kērēlma oluĸabilir. Bu durum geotekstil kullanēl-

masē halinde de ge­erlidir ve dikkate alēnmalēdēr.  

Geotekstillerin pek ­ok geoteknik m¿hendisi tarafēndan ge­ tanēnmasēnēn se-

bebi, iletiĸimsizlik ve yetersiz bilgilenmedir. Geotekstilin ham maddesi olarak kulla-

nēlan sentetik polimerler de yeterince tanēnmamaktadēr. Teknolojinin geliĸmesiyle, 

d¿nyada geotekstilin kullanēlmadēĵē ¿lkeler varken, yeni ¿r¿nlerin ­okluĵu ve ­eĸit-

liliĵi kafalarē karēĸtērmaktadēr. Beton, ­elik gibi malzemelerin davranēĸlarē birbirle-

rine benzerdir ve kolay anlaĸēlēr. Fakat geotekstillerle ilgili bilgi ve tecr¿be eksikliĵi 
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projecileri ĸ¿pheci bir davranēĸa zorlamaktadēr. Ama bug¿n hem teknik olarak, hem 

uygulamada olarak, hem de tasarēmda olarak yaklaĸēk yarēm y¿zyēllēk bir birikim 

oluĸmuĸtur. Farklē geotekstillerin teknik ºzelliklerinin bir arada belirtildiĵi listeler 

projecilerin iĸlerini kolaylaĸtērmēĸtēr (Ingold ve Miler, 1988; Koerner, 1986). 

 

2. GEOTEKSTĶLLERĶN MALZEME YAPISI VE SINIFLANDIRIL-

MASI  

Poliamid, polyester, polietilen, polipropilen, polivinil klor¿r, ethen kopolimer 

bit¿m, klorinat polietilen, geotekstil hammaddeleri olarak sayēlabilir (Dernek,1998). 

Geotekstilin yapēsē iki ana elemandan oluĸur. Bunlar fiber (f´lament) ve iplik-

tir. Fiber, b¿k¿lebilirliĵe ve inceliĵe sahip, y¿ksek boy/kalēnlēk oranēyla karekterize 

edilen bir malzemedir. Ķplik ise belirli bir uzunluĵa sahip, k¿­¿k kesit alanlē, b¿k¿l-

m¿ĸ ya da b¿k¿lmemiĸ fiberlerin montajlanmēĸ ve geotekstil ¿retimine hazēr hale 

getirilmiĸ ĸeklidir (¢oruh,1993). 

Geotekstiller yapēm tekniĵine gºre, ºrg¿l¿ ve ºrg¿s¿z geotekstiller olarak sē-

nēflandērēlabilir. (ĸekil 1a,b). 

 

 

ķekil 1. ¥rg¿s¿z (a) ve ºrg¿l¿ (b) geotekstiller 

 

Bunlarda kendi i­erisinde yapēldēklarē ipliĵin ve fiberin t¿r¿ne gºre sēnēflandē-

rēlēr. ¥rg¿l¿ geotekstil geometrik olarak tek filamentli, ­ok filamentli, ĸerit esaslē ve 

kesikli film tipidir. ¥rg¿s¿z geotekstiller ise, fiberlerin baĵlanma aĸamalarē esas alē-

narak, ēsēl, kimyasal ya da mekanik birleĸtirmeli olarak ayrēlērlar (¢oruh,1993). 

¥rg¿s¿z geotekstiller; ipliĵe dºn¿ĸt¿r¿lmemiĸ, ­eĸitli yºntemlerle birbirine 

tutturulmuĸ, doĵal yada sentetik, kesikli yada sonsuz uzunlukta elyaflardan oluĸurlar. 
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ķekil 1a da verilen ºrg¿s¿z geotekstil, ­eĸitli yºntemlerle birbirlerine tutturulmuĸ 

(ºrg¿s¿z iĵneleme, kimyasal, ēsēl vb.) ve ­eĸitli yºntemlerle dizilmiĸ elyaflardan olu-

ĸan tabaka, aĵ ya da ke­edir (Saĵlam, 2009). 

Y¿ksek ­ekme mukavemetine sahip ºrg¿l¿ geotekstiller ise iki yºnde kesinti-

siz iplik i­ermektedir. Ķpliĵin t¿m teknik ºzelliklerinden yararlanēlarak d¿ĸ¿k uza-

malarda y¿ksek mukavemetler elde edilir. ¥rg¿l¿ geotekstillerdeki iplikler birbirine 

dik a­ēyla ya da farklē a­ēlarla baĵlanabilir (Saĵlam,2009). 

 

2.1 Geotekstillerin Fiziksel ¥zellikleri 

Geotekstil ¿retiminde kullanēlan bazē polimerik malzemelerin birim hacim 

aĵērlēklarē; Polipropilen = 910 kg / m3, Polyester = 1220-1380 kg / m3, Naylon = 

1050-1140 kg/m3, Polietilen = 920-960 kg / m3 olarak sēralanabilir (Benek,2006). 

Geotekstiller i­in ¿retim yapēlacak maksimum geniĸlik 5,5 ï 6 m civarēndadēr. 

Geotekstilin boyu ile ilgili herhangi bir standart yoktur. ¦reticiye ve isteĵe baĵlēdēr. 

Malzemenin boyu ve eni hassas olarak belirtilmek istendiĵinde gerilmesiz koĸullar 

dikkate alēnmalēdēr (Benek,2006). 

Birim alana d¿ĸen aĵērlēk, geotekstilin 1 m2 sindeki gram cinsinden malzeme 

miktarēdēr. Genellikle geotekstiller 135 - 680 gr/mĮ arasēnda ¿retilir. Bu deĵerler ara-

sēnda geotekstiller en verimli sonu­larē verir. Dokumanēn maliyeti ve dayanēmē aĵēr-

lēĵēyla doĵru orantēlēdēr. Genellikle ºrg¿l¿ geotekstiller ºrg¿s¿z geotekstillere gºre 

y¿ksek dayanēmlē ve daha aĵērdēr (Benek,2006). 

Belirli bir basēn­ altēnda geotekstilin alt ve ¿st y¿zleri arasēndaki mesafe ka-

lēnlēĵēnē verir (¢izelge 1).Genellikle geotekstillerin kalēnlēklarē 0,2 - 10 mm arasēn-

dadēr (Benek,2006). 

 

¢izelge 1. Dokumanēn kalēnlēĵēnēn ºl­¿m¿nde dikkate alēnacak basēn­lar 

(ASTM D1777) 

Malzeme Tipi Basēn­ Aralēĵē 

YUMUķAK 0.035-35 g/cm2 

ORTA 1.4-144 g/cm2 

SIKI 7-700 g/cm2 
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2.2 Geotekstillerin Gerilme Deformasyon Ķliĸkileri ve Kullanēm Alanlarē 

Geotekstillerin gerilme-deformasyon iliĸkileri, ipliklerin cinsine ve ipliklerin 

geotekstili nasēl bir iĸlemle oluĸturduĵuna baĵlēdēr (ĸekil 2). 

 

ķekil 2. ¢eĸitli cins ipliklerin y¿k uzama davranēĸlarē (¢oruh 1993). 

 

Geotekstiller g¿n¿m¿zde;  Kaplamasēz ve kaplamalē yollarda, havaalanē pist-

lerinde, demiryollarēnda, barajlarda, asfalt takviye iĸlerinde, istinat duvarlarēnda, bi-

nalarda, ĸev ve kēyē korumasēnda, su i­indeki yapēlarda, spor sahalarēnda ve su yalē-

tēmē gibi bir­ok alanda kullanēlmaktadērlar (ĸekil 3). 
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ķekil 3. a) Kaplamasēz yollarda b) kaplamalē yollarda c) havaalanē pistlerinde 

d) demiryollarēnda e)Barajlarda f) asfaltaltē geotekstil uygulamalarē (Benek,2006). 

 

3. MALZEME VE Y¥NTEM 

Deneyde kullanēlan geotekstil kēr­ēllē ke­eden imal edilmiĸ olup ºrg¿s¿zd¿r. 

Aĵērlēĵē 500 g/m2, kopma mukavemeti imalat yºn¿nde 520 N, imalat yºn¿ne dik 700 

N dur. Geotekstilin kopma uzamasē yaklaĸēk olarak imalat yºn¿nde %75, imalat yº-

n¿ne dik %50 dir. Geotekstilde kullanēlan malzemenin cinsi %80 polyester %20 po-

liamidôtir. Geotekstil malzemenin kēr­ēllē se­ilmesinin nedeni; sert olmasē, dayanē-

mēnēn y¿ksek olmasē ve zemin tabakalarē arasēna serildiĵinde katlanmamasēdēr. Aynē 

ĸekilde geotekstilin m2 ye d¿ĸen birim aĵērlēĵē arttēk­a yatayda kesme kuvvetine karĸē 

direnci artmaktadēr. Bu sebepten ºt¿r¿ ­alēĸmada piyasadaki birim aĵērlēĵē en y¿ksek 

malzeme tercih edilmiĸtir. 

Deneylerde kullanēlan kum, tane b¿y¿kl¿ĵ¿ 0.06 mm ila 2 mm olacak ĸekilde 

se­ilmiĸ ve USCS'ye (Birleĸtirilmiĸ Zemin Sēnēflandērma Sistemi) gºre SP (kºt¿ de-

recelenmiĸ kum) olduĵu tespit edilmiĸtir (ĸekil 4). 
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ķekil 4. Kumun tane ­apēna gºre ge­en y¿zdesi 

 

¢alēĸmada kullanēlan kil smektit tipi bir kil olup,  kantitatif analizler sonucu 

smektit (montmorillonit) oranēnēn %51, illitin %35 ve kaolinitin %14 olduĵu saptan-

mēstēr (Bay­a ve ¢i­ek, 2008). T¿m kil-kum karēĸēmē y¿zdelerinde kesme kutusu 

deneyleri yapēldē. Kesme kutusu deneyleri % 100 kumdan oluĸan numunelerle baĸ-

lanmēĸ, sonraki her bir deneyde, kil oranē% 10 arttērēlarak deneylere devam edilmiĸ-

tir. Son olarak, deneyler % 100 kil numunesi kullanēlarak tamamlanmēĸtēr. Her bir 

killi zemin karēĸēmlē zemin numuneleri, 27.2,  54.4 ve 108.8 kPa normal gerilmeler 

altēnda ¿­ kez tekrarlanmēĸtēr. Deneylerde bilgisayar kontroll¿ Ele marka kesme ku-

tusu cihazē kullanēlmēĸtēr (ĸekil 5). 
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ķekil 5. Bilgisayar kontroll¿ kesme kutusu cihazē 

 

Bu deneyler sērasēnda geotekstilin deney esnasēnda kesme kutusunun tam ara-

kesitine denk getirilmemesi i­in, en b¿y¿k kum taneciĵinin boyutundan daha y¿ksek 

bir ºl­¿de, yaklaĸēk 2,5 mm daha alta yerleĸtirilmiĸtir (ĸekil 6). 

 

 

ķekil 6. Geotekstilin kesme kutusuna yerleĸtirilmesi (a) ve ĸematik kesiti (b) 

(Anubhavôdan deĵiĸtirilmiĸtir) 

 

 



Kil Ķ­eriĵinin Zemin-Geotekstil Aray¿zeyindeki Kayma Parametrelerine Etkisi 

137 

4. ARAķTIRMA BULGULARI 

Geotekstilin killi kum zemin arakesitindeki kayma mukavemeti parametrele-

rine etkisinin tespiti i­in, aray¿zeye geotekstil serilmeden sade kum numunesinin 

suya doygun ortamda kayama mukavemeti parametreleri kesme kutusu ile bulun-

muĸtur. Kesme kutusu deneyinde kum numune y¿ksekliĵi 32 mm ve aĵērlēĵē 170 gr 

olarak se­ilmiĸtir. Sonu­lara gºre normal y¿k artsa da kayma gerilmesi, kum numu-

nenin % 30 deformasyon deĵerinde maksimum kayma gerilmesine ulaĸmaktadēr (ĸe-

kil 7). 

 

ķekil 7. Normal y¿k altēnda deformasyon-kayma gerilmesi iliĸkisi 

 

Zemin-geotekstil aray¿z mukavemeti, bazen zemin numunesinin kesme mu-

kavemetinden daha b¿y¿k ve bazen de daha k¿­¿k olabilir. Bu farklēlēk test edilen 

zemin numunelerinin tipine ve arakesitte kullanēlan malzemesinin ºzelliklerine gºre 

deĵiĸir. Bu ­alēĸmada, bazē deneylerde kum-geotekstil aray¿zey direnci, zeminin 

kayma dayanēmēndan daha y¿ksekken diĵerlerinde d¿ĸ¿kt¿r. Bu durumun, numune-

lerin kil-kum oranlarēndaki farklēlēklardan,  baĸka bir deyiĸle tane daĵēlēmlarēndaki  

farklēlēktan kaynaklandēĵē d¿ĸ¿n¿lmektedir. ¥rneĵin geotekstil kullanēlmadan 27.2 

kPa normal gerilme altēnda aĵērlēk­a% 90 kum ve % 10 kil karēĸēmlē zemin numune-

sinin maksimum kayma gerilmesi 28.1 kPa olarak hesaplanmēĸtēr. Aynē ĸartlar al-

tēnda geotekstil kullanēlarak bu sonu­ 23.9 kPa olarak hesaplandē. Ayrēca zemin nu-

munelerinin kesme kutusuna yerleĸtirilmesi, ve geotekstilin uygun pozisyonu da et-

kilidir. Bununla birlikte, grafikler dikkatlice incelendiĵinde, kum oranē arttēk­a doy-

gunluk etkisinin azaldēĵē gºr¿lm¿ĸt¿r (ĸekil 8,9,10).  
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ķekil 8.ů = 27.2 kPa normal gerilme altēnda geotekstilin suya doygun zemin  

numunesinin kayma direncine etkisi 

 

 

ķekil 9.ů = 54.4 kPa normal gerilme altēnda geotekstilin suya doygun zemin  

numunesinin kayma direncine etkisi 
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ķekil 10.ů = 108.8 kPa normal gerilme altēnda geotekstilin suya doygun zemin  

numunesinin kayma direncine etkisi 

 

Nispeten % 10, % 20 ve % 30 gibi daha d¿ĸ¿k kil i­eren kum zemin numunel-

erinin Mohr coulomb yenilme zarflarēnēn eĵimleri daha d¿ĸ¿k iken, kil i­eriĵi y¿ksek 

olan kum numunelerinde bu eĵim artmēĸtēr (ķekil 10). Baĸka bir ifadeyle kil oranē 

arttēk­a Mohr Coulomb yenilme zarflarēnēnēn eĵimi artmēĸtēr (ĸekil 11). 
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ķekil 11. Doymuĸ zemin ve geotektstil arakesitinde Mohr-coulomb yenilme 

zarfē 

 

5. SONU¢LAR 

Bu ­alēĸmada, kum ve kil oranlarē deĵiĸtirilerek kil oranēnēn killi kum-geoteks-

til aray¿z direnci ¿zerindeki etkisi deneysel olarak incelenmiĸtir. ¥te yandan, killi 

kum numunelerinin aray¿zey mukavemeti suya doygun ortamda ºl­¿lm¿ĸ ve sonu­-

lar kil i­eriĵinin artēĸēna baĵlē deneysel sonu­larla karĸēlaĸtērēlmēĸtēr. Geotekstil-ze-

min  aray¿zey davranēĸēnēn tipik olarak kērēlgan malzemelerin y¿k deformasyon eĵ-

risine benzer olduĵu bulgularēndan anlaĸēlmaktadēr. Normal y¿k arttēĵēnda, maksi-

mum aray¿z mukavemeti artar. Genel olarak, numunelerin aray¿zey mukavemetinin, 

zemin numunelerinin kayma dayanēmē deĵerlerinden biraz daha b¿y¿k olduĵu gºz-

lenmektedir. Aray¿z mukavemeti, deneylerde kullanēlan t¿m zemin numuneleri i­in 

yaklaĸēk % 15'ten daha b¿y¿kt¿r. ¥te yandan, kil ve kum oranlarē gºz ºn¿ne alēndē-

ĵēnda, kum oranē arttēk­a aray¿zey mukavemetinin arttēĵē sºylenebilir. 
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% 100 kum i­eren zemin numunelerinin aray¿zey mukavemeti deĵeri, % 100 

kil i­eren zemin numunelerinin yaklaĸēk% 15-25 aralēĵēndan daha b¿y¿kt¿r ve bu 

karĸēlaĸtērma deneysel sonu­lardan okunabilir. Geotekstil-zemin aray¿z direnci, kum 

taneleri ve jeotekstil y¿zey dokusu arasēndaki daha iyi etkileĸime baĵlē olarak kum 

oranē ile orantēlē olarak artar. 

Bununla birlikte, eĵriler dikkatlice incelendiĵinde, kum oranē arttēk­a ve ara-

y¿zey mukavemeti deĵerinde doygunluk etkisi azalmaktadēr. 

Mohr-coulomb yenilme zarfē grafikleri doymuĸ zemin i­in incelendiĵinde, ye-

nilme zarflarēnēn eĵimi genel olarak, kil oranē arttēk­a artar. 
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¥ZET: Yapēlarda yaĸayanlarēn g¿venliĵini saĵlamak i­in yangēn 

yºnetmelikleri genellikle tasarēmda karĸēlanmasē gereken minimum gereksin-

imleri belirtir. Sayēsē gittik­e artan y¿ksek katlē konutlar ile olasē bir yangēndan 

kaynaklanacak riskler artmēĸtēr. Bu ­alēĸmada y¿ksek katlē konutlarda, ileri se-

viye n¿merik yºntemlerle yangēn ve duman daĵēlēmēnēn etkisini de hesaba kata-

rak tahliye analizi yapēlmēĸtēr. Sonu­lar, bu t¿r y¿ksek binalarda tahliye za-

manēnēn yangēnēn ­ēktēĵē kata gºre ciddi farklēlēk gºstermesi ve tahliye dav-

ranēĸēnēn 4-5 katlē konut binalarēndan ­ok farklē olduĵunu gºstermektedir. Bu 

­alēĸma ile yangēn m¿hendisliĵinin bir par­asē olan tahliye senaryolarēnēn daha 

doĵru ĸekilde ¿retilmesi ve bina tasarēmēnēn bu senaryolara gºre yapēlmasē 

ama­lanmēĸtēr. 

Anahtar kelimeler:  tahliye, y¿ksek binalar, y¿ksek katlē konutlar, 

yangēn m¿hendisliĵi  

 

Egress in Tall Residential Buildings under Fire Conditions 

 

ABSTRACT: In order to ensure the life safety of residents, building 

codes often establish the minimum requirements to be met in fire safety design. 

On the other hand, the increasing number of complex modern high-rise resi-

dential buildings suggests an increased risk of major consequences resulting 

from fire hazards. This indicates that the ability to mitigate the threats posed by 

fire to high-rise building residents should be of primary concern and surpass 

the minimum safety criteria. In view of the challenges faced when modelling 

egress in tall residential buildings, the current understanding of fire and evacu-

ation has been synthesized to propose a robust framework for evaluating the 

life safety of occupants in tall residential buildings. The results demonstrate 

how the egress behavior of such buildings differ from that of conventional low-

rise buildings as well as the importance of characterizing the different levels of 

risk incurred by different occupants due to fire outbreak on different floors. 

This is intended to provide additional guidance to building designers and re-

searchers in the field of performance-based fire safety. 

Keywords: egress, high rise, tall buildings, evacuation, fire engineering 
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1. INTRODUCTION  

One of the most important issues in the design of high-rise buildings is ensur-

ing that in the case of an emergency situation such as the event of an earthquake or 

fire its occupants are able to safely evacuate before the conditions within the building 

become untenable. Over the past decades, cities all around the world have experi-

enced a steady influx of migrants thus increasing their need for more residential 

buildings. Istanbul is among the cities with the highest number of skyscrapers in Eu-

rope and given the current continual growth of urban population and the limited land 

resource, high-rise residential buildings will only continue to increase in number in 

these growing cities. 

Evacuation of people can prove to be a complex task, and with high-rise build-

ings this issue is even more paramount. Several procedures can be taken in design 

and construction that will decrease the likelihood of a fire outbreak. Nevertheless, 

even if rare in occurrence, the event of fire in tall residential buildings can have dev-

astating consequences as several incidents in history have demonstrated. The MGM 

grand fire which occurred in Nevada in 1980, for example, is said to have killed at 

least 87 people and injured 650 others (Dailymail, 2012). In 1974, Joelma Building 

fire in Brazil left 179 people dead, injuring another 300 (Craighead, 2009). Also, as 

in the case of Meridian Plaza fire in Philadelphia, without adequate consideration of 

evacuation for an emergency, even the fire-fighters themselves could be among the 

casualties. With almost 3,000 deaths and 6,000 injuries, the World Trade Centre ter-

rorist attack has shown the importance of ensuring safe evacuation of occupants dur-

ing an emergency situation (Ronchi and Nilsson, 2013). Since then, more robust 

strategies for the evacuation of people in high-rise buildings have been sought in-

cluding several combinations of total evacuation strategies (Ronchi and Nilsson, 

2014). More recently, Grenfell fire which killed 72 people has questioned the appro-

priateness of alternative evacuation strategies such as defend-in-place strategy thus 

demonstrating the significance of planning for the evacuation of entire occupants 

(Hopkin, et. al., 2019). 

Research on previous fire deaths and injuries has demonstrated the potential 

for saving more occupants who have died from fire (Hall, 2004). To provide an ac-

curate representation of potential fire scenarios, several factors need to be taken into 

account not least the social and fire culture of the particular occupants (¥zkaya, 

2001). Although the majority of published data used in fire engineering application 

comes from a small number of countries with broadly similar backgrounds (Galea et. 

al., 2015), the need for justifiable use and extrapolations of the available data has 

prompted efforts to establish a database for evacuation parameters (Lovreglio et. al., 

2016; Shi et. al., 2008). Factors contributing to egress performance relate primarily 
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to the characteristic features of the building (Galea, et. al., 2008; Ma et. al., 2012) 

and the behavior of the evacuees (Ma et. al., 2012). Occupantsô exposure to the ef-

fluents produced by fire in a burning building can exact influence on this movement 

behavior and choice of exit route (Bryan, 2002). The choice of exit determines the 

travel path and hence the distance and speed of evacuation. In residential buildings, 

occupants are usually expected to use exits with which they are familiar, and that is 

largely restricted by the buildingôs architectural plan. The standard requirements for 

the building geometry are usually regulated by the codes and standards applicable in 

the respective countries. Other requirements concerning the expected features of the 

occupants are also stipulated in these and several other guidelines. 

 

2. REVIEW OF CURRENT REGULATIONS AND GUIDELINES  

According to NFPA 101, buildings above 23m are considered to be high-rise 

buildings. The prescriptive codes currently in use have evolved from previously 

adopted design philosophies. The US codes, for example, design exits for capacity 

so that all the occupants on each floor can be stored on the stairs allowing for orderly 

evacuation. This led to the adoption of the 44 in. (112cm) stair width in new buildings 

as this was said to be ñsufficient to prevent three persons from forming an arch and 

blocking trafficò (Bukowski, 2009). Other regulations are also based on similar or 

same principles and egress systems are generally designed to protect occupants who 

are not intimate with the initial fire.  

In the Turkish fire code, an occupant flow rate of 40 people/min from a width 

of 50cm is adopted (Oven and Cakaci, 2008). The minimum width for the corridors 

and stairs is 120 cm, and two stairway exits must be provided for high-rise buildings. 

Lifts are only used for fire-fighting purposes and occupants are therefore expected to 

use the traditional means of escape, i.e. stairs for fire escape. Some codes, however, 

do allow for the use of elevators which has been found to improve the efficiency of 

the evacuation (Kuligowski, 2003; Ronchi and Nilsson, 2013). 

The number of occupants in the building is also a major factor in determining 

the evacuation time and consequently the risk posed on people in the event of fire. 

NFPA 101 specifies an occupant load factor of 18.6 m2/person based on a slightly 

reduced total area known as the ógross leasable areaô while BYKHY proposes a user 

load factor of 20 m2/person for residential apartments which is also in line with sev-

eral other jurisdictions. These values are in general used to calculate the occupant 

density from which the total number of occupants in a building during fire evacuation 

can be simulated and are based on either the floor area or the number bedrooms. 

Using the high-rise residential building data in Istanbul, a typical size and height has 
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been chosen to perform a generic analysis of the egress behavior during fire in such 

buildings. 

 

3. EGRESS AND FIRE  

From a point of view of life safety, two parallel aspects are considered during 

fire evacuation analysis. These are the Allowable Safe Egress Time, ASET, which is 

an outcome of fire, and Required Safe Egress Time, RSET, the outcome of evacua-

tion. As the performance-based approach has taken hold in the design process for 

reducing risk to an appropriate level, both of these quantities need to be with deter-

mined with a reasonable amount of accuracy. The situation of a building under fire 

necessitating an urgent evacuation of its occupants is triggered by an accidental or 

deliberate kindling of a flammable substance. In the case where this process has pro-

ceeded for longer than can be extinguished easily, passive protection systems can 

only slow down the ASET for the occupants to evacuate. The installation of active 

fire protection systems such as sprinklers, although effective, can also not be relied 

upon to provide full protection to the lives of the occupants (Oven and Cakaci, 2008). 

To restrain the potential detriment of the growing fire on occupants, the flashover 

period is one of the most important factors in ASET estimation. 

Developments in technology and computing power has allowed for the feasi-

bility of applying the known fundamental equations of fluid dynamics, heat transfer 

and combustion to model the evolution of fire with high degree of accuracy. Models 

of varying sophistication have emerged each relying upon a fixed set of assumptions 

and physical and chemical principles that can be used to predict pre-flashover fires. 

Among them is Computational Fluid Dynamics or CFD model, a highly sophisticated 

technique that numerically solves a time-averaged or space-averaged form of the 

conservation equations. Fire simulation tools based on this model allow for a con-

venient application of data or scenario configuration to simulate the effects of fire 

including radiation (Wang et. al., 2005).  

The likelihood of fire initiation in a high-rise building is greater on the lower 

floors, thus putting a greater number of occupants at risk. In fact, most of the fires in 

the past have begun on the 6th floor or below (Hall, 2013). Also, furnishings common 

in residential buildings have low thermal inertia which implies a rapid burning and 

flame spread. Such fires in which these items are the first to ignite are said to be the 

leading cause of death (Blais et. al., 2019). Radiation plays an additional role in the 

burning rate especially in small compartments or those with large openings (Peacock 

et. al., 1999). Due to the nonuniform fire distribution in rooms, the temperature along 

the doorway is sometimes used as the defining temperature for flashover (Peacock 
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et. al., 1999). The distribution of smoke and fire effluents are equally important when 

it comes to the life safety of the occupants. As we shall see, in high-rise buildings, 

the location of the fire along the height of the building is key in determining the 

number of people of who are most at risk due to the fire hazard. 

 

3.1 Egress Modeling 

The study of human egress from building fires first began with a focus primar-

ily on the movement of people within the egress components (Kobes et. al., 2009). 

This served as the determining factor for safety and the design of stairs was carried 

out so that sufficient capacity is provided to accommodate the simultaneous evacua-

tion of the entire building or of certain floors. This approach led to the prescriptions 

of minimum widths for stairs, corridors and other egress components (Pauls et. al., 

2005) and the prescriptive codes that resulted from such an approach are now based 

on flow rates, travel distance, exit numbers and exit widths. Later, recognizing the 

impact of how a building is used affects the egress performance, emphasis shifted to 

the behavioral aspect of the evacuation. Theories on human behavior during emer-

gency situations still continues to be refined and adopted with our prevailing under-

standing to more accurately represent hypothetical evacuation scenarios. A compre-

hensive conceptual model, however, is still an ongoing research area (Gwynne et. al., 

2015). In general, behaviors during two broad phases of evacuation can be observed 

(Purser and Bensilum, 2001). These phases are pre-evacuation phase and evacuation 

movement phase. For different building uses, the differences in the characteristics of 

the occupants and of the building make the nature of evacuation different. Occupants 

in residential buildings exhibit higher pre-evacuation times than in other building 

types due to the fact that occupants in these buildings are often less prepared for 

evacuation or may even be reluctant to move out than those in other building types 

(Ronchi and Nilsson, 2013). The pre-evacuation phase is further divided into two 

distinct phases: recognition phase, the time from the first cue or alarm to the time 

when the decision to evacuate is made, and response phase, the time from when the 

decision is made to the time when evacuation movement begins. The interaction be-

tween many egress variables have been shown to require more than these determin-

istic rules in order to properly determine the evacuation time as well as the general 

egress performance (Oven and Cakaci, 2008). 

In modelling the pre-evacuation times of occupants, pre-defined evacuation 

times or a series of itinerary list can be assigned to each occupant. An alternative is 

to apply an evacuation decision model with predictive capabilities based on internal 

and external factors, although this is rarely implemented in current computer models 

(Lovreglio et. al., 2016). The type of alarm system also influences the pre-evacuation 
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time (Shi et. al., 2008). Several activities, cognitive and physical, occur during the 

response phase and the fire culture, namely alarm system, and the social culture, are 

some of the main determinants of the response phase behaviors (Galea et. al., 2015). 

According to the framework used for decision making known as the Protective Ac-

tion Decision Model (PADM) (Lindell and Perry, 2012), occupants act on infor-

mation they receive, and this is used to describe the response phase behavior. The 

pre-evacuation time distribution of occupants generally follows a log-normal distri-

bution (Forssberg, et. al., 2019; Galea et. al., 2015; Purser and Bensilum, 2001). Re-

search has also been carried out to identify the characteristics of people and their 

circumstance that influence the length of pre-evacuation time during evacuation. A 

correlation has been found between occupantôs vertical position in the building and 

pre-evacuation delay (Kuligowski and Dennis, 2009). Occupants on lower floors dis-

play higher pre-evacuation times than those above. An evacuation that involves peo-

ple on higher floors reaching the stairs before those on the lower floors will result in 

queues forming on the stairs as the occupants are being discharged out of the build-

ing. 

In the second half of the last century, hydraulic models were applied to study 

the physical movement of people in buildings (Pauls, 1987). According to this model, 

the speed with which occupants are able to move through the egress components is 

largely a function of the population density. One major drawback of this fluid model 

is lack of intrinsic capability to account for congestions. Advanced computer models 

are able to represent these complex interactions between evacuees with their envi-

ronment and with other evacuees (Gwynne et. al., 1999: (Ronchi and Nilsson, 2013). 

The early computer models created to simulate the evacuation problem evaluated the 

delays resulting from queuing during movement did not represent the location of the 

queuing (Oven and Cakaci, 2008). Transit from one egress component to the other 

results in additional evacuation time (Ma et. al., 2012) and for tall building evacua-

tion, research also show a decrease in the average speed of evacuees during the pro-

cess (Ma et. al., 2012) (McConnell et. al., 2009). Using an agent-based model devel-

oped later, the flow of the occupants and their merging process at points of contact 

can be investigated (Galea, et. al. 2008). With this model, evacuees respond sponta-

neously to their environment within realistic boundaries.  

 

3.2 Interaction between fire and human behavior  

As mentioned before, human behavior is one of the key aspects of evacuation 

considered in egress modelling. In the context of evacuation from a building in fire, 

these behaviors are influenced by the changing environmental characteristics induced 
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by the fire which include heat, irritants, and other fire hazards. Crucial in the utility 

of fire models is the spatial and temporal prediction of temperature and smoke. In a 

tall residential building where the evacuation is more vertical than horizontal, occu-

pants coming down make longer contact with smoke and other toxic gases especially 

for a fire occurring on the lower floors (Oven and Cakaci, 2008). The toxic gases 

known to influence human behavior during the evacuation include HCN, CO, CO2, 

and the depletion of oxygen (Oven and Cakaci, 2008). The effects of these and the 

temperature and smoke concentrations on evacuation have been investigated using 

the hypothetical values shown in Table 1. Smoke produced impair visibility of occu-

pants thereby affecting the occupantsô choice of exit and irritant gases also exacerbate 

the effects of smoke (SFPE Task Group, 2019). 

 As the evacuees come into contact with these fire effluents, their mobility is 

impaired. Additionally, since all occupants experience different levels of toxicity and 

have different tolerance levels, the degree of influence varies across the population. 

This makes the use of a computer simulation tool with an algorithm designed to be 

able to perceive such differences useful. In the case study described in this paper, the 

Turkish demographic has been used to construct the simulation model in the EXO-

DUS evacuation model (Galea et. al., 2015; Oven and Cakaci, 2008).  The occupant 

characteristics that guide the simulation include agility when an obstacle is encoun-

tered, drive or assertiveness used to resolve conflict between two or more evacuees 

meeting at a particular point. These and other characteristics can be grouped into 

physical and psychological attributes of the evacuees. During the simulation, other 

attributes such as the total time spent in queues also emerge as experiential attributes. 

A pure egress phenomenon or an interactive people-fire evacuation with heat and 

narcotic gases taken into account can also be considered. In the present analyses, both 

have been considered. 

 

4. CASE STUDY 

Three age groups have been chosen to represent the population demographic. 

A roughly equal male to female ratio is distributed among the groups: 40% aged 12-

29 years, 40% aged 30-50 years and 20% aged 50-80 years. The agility, drive, and 

patience times of males and females are randomly distributed with females having 

slightly higher values than males but with a significant overlap. Since the location of 

each occupant cannot be known with certainty, the occupants are also randomly lo-

cated on each floor. This is consistent with the proportion of the amount of time it 

takes occupants on each floor to reach the stairs versus the time it takes to evacuate 

the stairs entirely. For the fire scenario as well, the distribution of the fire has been 

taken to be even throughout the floor it occurred and for the whole height since the 
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effect of fire occurring on the specific floor of the tall building is the variable under 

investigation. As Figure 1 indicates, the area distribution of high-rise buildings in 

Istanbul falls on a log-normal distribution function. The floor number of the buildings 

is also represented by a log-normal distribution. To represent a typical tall residential 

building in Turkey, the mean value has been utilized for the area and the 99th percen-

tile for the height of tall residential buildings. The tall building selected for the case 

study is 45 floors above ground with 840m2 floor area. Figure 2 shows the floor lay-

out of the high-rise building under investigation. Each floor has 4 apartments with 

two exit stairways. There are 43 occupants on each floor with 6th and 29th floors un-

occupied as they are utilized for mechanical equipment, which makes a total of 1849 

evacuees. The architectural plan also conforms to the Turkish Fire Safety Code.  

 

 

                     (a)                                 (b) 

Figure 1. Probability Density Function of Istanbul High-rise (a) Building 

Height ï Number of Floors and (b) Floor Area (m2) 

 

 

Figure 2. Floor Layout of the Tall Residential Building Case Study 
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The simulated results of evacuation in the building without considering the 

influence of fire and one in which fire and smoke influence are considered have been 

programmed into an assembly code that generates the exit time for each particular 

occupant from the top to the bottom floor. Figure 3a shows the exit time graph of the 

realistic scenario (Scenario A in Table 1) outlined in the previous paragraph. Each 

bubble on the graph represents an occupant starting evacuation from a particular floor 

and the time elapsed at the point of exit out of the building is given by the y-axis. 

The area between the upper and lower curves in Figure 3 designate the time range 

that occupants spent on each floor (i.e. time difference between first and last person 

leaving each floor). As seen, occupants spend more time on upper floors due to queu-

ing on stairways. To investigate another scenario (Scenario B in Table 1) in which 

all the attributes of the entire occupants except the starting location are exactly iden-

tical, a different graph is produced given by Figure 3b. Here, the time range on each 

floor gets smaller since every occupant has the same response and move in unison.  

 

  

            (a)                                 (b) 

Figure 3. Egress of (a) Scenario A - randomly diverse behaved occupants and 

(b) Scenario B -homogeneously behaved occupants in a typical tall residential build-

ing without fire influence. 

 

The contrast between Figure 3a and Figure 3b demonstrates the difference of 

having a realistic representation of the diversity of a set of occupants in a tall resi-

dential building. Although the total evacuation time does not differ by much in this 

case, the time spent on each floor shows a significant variation. This is particularly 

consequential in the case of a fire on a lower floor especially one that is growing fast 
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or had gone undetected for long before the evacuation began. For example, if the 

flashover time is said to be 1200 seconds, the number of occupants trapped will be 

greater in Figure 3a than it would have been if Figure 3b scenario is considered. 

 

Table 1. Egress scenarios. 

Egress Scenarios 
Fire Fire Floor 

Number of oc-

cupants 

Total Egress 

Time 

Number of 

Casualties 

Scenario A no - 1849 1766 secs - 

Scenario B no - 1849 1682 secs - 

Scenario C yes 29th 1849 1143 secs 640 

Scenario D yes 6th 1849 1562 secs 1044 

 

Another important point to observe is that evacuation from each floor begins 

before the occupants on the preceding floors are fully evacuated. Also, the rate of 

increase in time for first occupant evacuation from each floor is roughly linear. This 

implies that on each floor, after the occupants move horizontally to the stairs, the 

flow down the stairs within the queue formed, i.e. the entrance into the queue, is 

roughly the same. As with the hydraulic model, the queuing starts at the junction 

between the stairs and the corridors on each floor. On the other hand, the last occu-

pant to evacuate from each floor varies nonlinearly owing to the change in density 

and conditions of the egress with time. Moreover, Figure 3a indicates that some 

amount of time is spent during conflict resolution which makes the Figure sparser. It 

might even be the case that an occupant remains stuck in a queue for an inordinately 

long time relative to their floor companions as the outlier on the first floor demon-

strates.  

 

Table 2. Assumed toxicity concentrations of temperature, heat and asphyxi-

ants. 

 Temp Smoke HCN CO 

Value at t = 0 20ęC 0 0 0 

Value at t = 1000s 120ęC 43.5 OD/m 100 ppm 100 ppm 

Value at t = 2000s 220ęC 87 OD/m 200 ppm 200 ppm 

 

To investigate the effect of toxic gases on egress, simplified linear fire growth 

assumptions have been made regarding CO, CO2, HCN and temperature whilst the 
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fire scenario was created. Table 1 shows the values at three particular time periods. 

Two fire locations are investigated, one of which fire is assumed to occur on the 

mechanical floor, where there was initially no occupant load. For Scenario C in Table 

1, fire spreads from 29th floor space to the stairways. HCN and CO toxic gases are 

measured in particles per million (ppm) and smoke density is measured in optical 

density per meter (OD/m). As Figure 4a shows, with a null exit time of for occupants 

that have collapsed and are incapacitated (i.e. causalities), it can be observed that all 

of them are above floor 25. Interestingly, no occupant from floor 31 survives and 

occupants closest to the fire floor are the most affected. From the total of 1849 build-

ing occupants, fire on 29th floor has resulted in 35% casualties.   

In Scenario D, the fire occurs on the 6th floor. As shown in Figure 4b, the 

number of causalities has jumped from 35% to 56%. For this scenario, the floor clos-

est to the fire location experienced the maximum number of casualties as well. On 

some of the floors all the occupants are incapacitated before reaching safety. In ad-

dition to more casualties, the building evacuation took 25% longer for this scenario. 

This result indicates that occupants who slow down due to fire and smoke effects 

have also contributed significantly to the evacuation delay and queueing.  

Fire effects in Scenario C can be compared with the egress scenario without a 

fire event (Scenario A). The total evacuation time has decreased by 35%. Occupants 

below fire location move with the same pace as in Egress Scenario A while some of 

those on floors above have been incapacitated during the process, and since they are 

the last to evacuate in any scenario, hence the shorter total evacuation time. For Sce-

nario D, fire on 6th floor means that more occupants will be subjected to fire effluents, 

hence the casualties are found almost on each floor above the 6th floor. Their contri-

bution to the queuing effect is preserved even though they do not make it out of the 

building. In other words, the major cause of their death may have been the toxicity 

of fire rather than insufficient evacuation time. The upper and lower range curves 

extrapolated from Scenarios A are superimposed on Figure 4a and Figure 4b. It is 

clearly observed that fire on upper floors leads to an overall shorter total evacuation 

time with casualties coming mostly from the upper floors while fire on lower floors 

leads to casualties on the floors mostly closer to the fire location but almost on each 

floor. Scenario D has an overall similar evacuation time compared with egress with-

out fire event (Scenario A). This nugatory involvement in the evacuation has not 

aided those not intimate with fire to evacuate earlier. Rather, the overall shape of the 

egress range remained unchanged while the futile attempt of the incapacitated occu-

pants remained inconsequential on the total evacuation time with substantial loss of 

lives. Figure 5 shows the distribution of the casualties for both Scenario C and Sce-

nario D. 
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                        (a)                                (b) 

 

Figure 4. Egress in high-rise residential building (a) Scenario C ï fire on 29th 

floor and (b) Scenario D ï fire on 6th floor. 

 

 

                         (a)                                         (b) 

Figure 5. Distribution of incapacitated occupants for (a) Scenario C and (b) 

Scenario D. 

 

5. CONCLUSION  

This paper has explicated the concept of egress in a high-rise residential build-

ing and the present development in this research area. The influence of fire on evac-

uating occupants has been integrated into the egress analysis to produce a more real-

istic scenario of evacuation from the high-rise building during fire. The effects of fire 
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and fire location to the evacuation time and casualties have shown to be significant. 

Main conclusions are as in the following:  

 

Á For high-rise evacuation, time spent on each floor varies considerably, gen-

erally it increases non-linearly towards upper floors. This indicates larger 

RSET for upper floors, hence larger ASET is required for upper floors.   

Á The diversity of agility, drive and speed of occupants does not change the 

total evacuation time but it increases the average time spent on each floor.  

Á Fire floor creates casualties mostly on above and some on below floors but 

the affect is limited to several floors due to dilution of smoke and toxic gas 

effects. Occupants on upper floors are incapacitated as they pass stairs in 

fire floor range.  

Á Fire location changes the egress time as well as number of casualties con-

siderably. Fire on lower floors increases casualties as well as egress time 

due to queuing effect of slowed down occupants on fire location to the oc-

cupants above.   

There are complex interactive occupant variables with specific or joint effects 

on egress performance. The evacuation itself is a stochastic process and these varia-

bles should be treated as such in order to more appropriately describe this phenome-

non. The occupant load derived from regulations, for example, vary from one code 

to another (Spearpoint and Hopkin, 2019). In another study, the historical sources of 

the deterministic occupant load values in other types of buildings have been ques-

tioned especially for use in a probabilistic study of the risk of fire to occupants (Hop-

kin et. al., 2019).  

For a city-wide risk assessment, more complex higher-order models consider-

ing other unique features of a tall residential buildings should be used to ensure the 

safety of tall buildings occupants. This represents an important step towards unrav-

eling the best ways to improve life safety in high-rise buildings, which can be applied 

to further study the issue. Occupants need to be protected from fire because they are 

at risk of death if not by being trapped in a blazing building then of asphyxiation due 

to the effects resulted from the fire.  
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MĶNĶB¦S TAķIMACILIĴINDA DĶNAMĶK 

¢ĶZELGELEME MODELĶ 

Dr. Onur ķAHĶN 

Yēldēz Teknik ¦niversitesi 

¥ZET: Geliĸmiĸ ¿lkelerde toplu taĸēma hizmetinin b¿y¿k bir kēsmē 

devlet tarafēndan saĵlanmaktadēr. Fakat toplu taĸēma sektºr¿nde ºzerk yºneti-

len ºzel iĸletmeler taradēndan da hizmet sunulmaktadēr. Devlet tarafēndan ko-

nulan belli d¿zenleme ve uygulamalar olmasēna karĸēn, i­ yºnetimlerinde bu 

ºzel kuruluĸlar kendi sorumluluklarēna sahiptirler. T¿rkiye de minib¿s taĸēma-

cēlēĵē ºzel iĸletmeciler olan esnaflar tarafēndan saĵlanmaktadēr. Bu ­alēĸmada 

minib¿s taĸēmacēlēĵēnēn tarihsel s¿re­teki geliĸimi ve mevcut iĸleyiĸi ele alēn-

mēĸtēr. Sistemdeki her bir minib¿s sahibi farklē bir esnaf olduĵu i­in, iĸletme 

s¿reci bir takēm sēkēntēlar teĸkil etmektedir. ¥ncelikle sorun olarak gelirin eĸit 

daĵēlēmē problemi bulunmaktadēr. Kazan­lar net olarak belirlenemediĵi i­in or-

tak bir gelir havuzu oluĸturulmasē m¿mk¿n deĵildir. Genellikle, yolcu taĸēma-

cēlēĵē yapēlan farklē coĵrafi bºlgeleri temsilen, minib¿s federasyonlarē oluĸtu-

rulmaktadēr. Bu coĵrafi bºlgenin b¿y¿kl¿ĵ¿ne ve son duraklar sayēsēna baĵlē 

olarak, farklē b¿y¿kl¿kte ulaĸēm aĵlarē bulunmaktadēr. Her g¿zerg©hēn getirisi 

veyahut aynē g¿zerg©h i­erisindeki saatlik kazan­lar farklē olabildiĵi i­in, mi-

nib¿slerin haftalēk ve saatlik ­alēĸma d¿zenlerinin oluĸturulmasē b¿y¿k bir so-

rumluluk teĸkil etmektedir. ¥nerilen dinamik ­izelgeleme modeli ºncesinde, 

haftalēk ­izelgeler ĸeklinde ¿retilen daĵēlēm ve iĸleyiĸ tablosu elle hazērlan-

makta ve en fazla 3 ya da 4 haftalēk bir s¿reci gºz ºn¿nde bulundurarak ¿reti-

lebilmekte bunun neticesinde de uzun vadede eĸit daĵēlēmē m¿mk¿n kēlamaya-

cak sorunlar teĸkil etmekteydi. Yeni ºnerilen dinamik ­izelgeleme modeli sa-

yesinde, uzun vadede gelirler arasēnda eĸit daĵēlēmēn saĵlandēĵē ve modelin iĸ-

letmeci esnaf ĸik©yetlerini azalttēĵē gºzlemlenmiĸtir. 

Anahtar Kelimeler: Ulaĸtērma, Dinamik ¢izelgeleme, Minib¿s, Toplu 

taĸēma  

 

A Dynamic Scheduling Model for Minibus Transportation 

 

ABSTRACT: Majority of public transportation services are provided 

by government in developed countries. However, there are also private public 

transportation services which are autonomously directed. Although there are 

certain rules and regulations directed by the government, these companies and 

their actions are on their own responsibility. Minibus transportation service is 
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provided by private craft in Turkey. In this study, historical background of the 

minibus transportation and its current operational process is investigated. Since 

each vehicle in the system represents a private craftsman, the operational pro-

cess is challenging. It requires distribution of incomes equally. Due to uncerta-

inty of incomes, there is not a possibility to create a cash pooling system. In 

Turkey, there are many different Minibus federations. Each federation repre-

sents a geographic region in which they carry passengers. The network might 

be very small or very large, depending upon the number of the terminals in the 

network. Due to variances in the transportation demands the vehicles do not 

run on the same route all the time. The demand defines the income levels for 

each route in the network and some income levels are relatively higher than the 

others. Therefore, it creates a scheduling problem. Before the implementation 

of the proposed dynamic scheduling, the vehicles were being distributed to the 

routes of network manually. This was causing a big problem because the people 

who held the responsibility to create the schedules every week were able to 

check the schedules of at most 4 or 5 weeks manually. The distribution of ve-

hicles means the distribution of incomes in the network. Hence, in order to be 

fairer in distribution a computer based dynamic scheduling model is proposed 

and implemented for a pilot federation. The model reduced the complaints of 

craftsman about the schedules and provided equality in sharing the incomes of 

the network. 

Keywords: Transportation, Dynamic Schedule, Minibus, Public Trans-

port 

 

 

1.INTRODUCTION  

Minibus transportation is a relatively old type of transportation mode. Espe-

cially in rural areas and in the pre-historical developments of transportation systems 

in urban areas, minibus transportation is expected as a milestone.  

In 1950 the president Adnan Menderes suggested to use public transportation 

modes in Istanbul especially minibuses. Within this purpose the main highways are 

expanded and historical atmosphere of the city damaged. Then in 1960ôs the mini-

buses was everywhere in the city. Due to their increased mobility and ease of access 

people preferred to travel with minibuses. The lack of private vehicles and need for 

transportation made minibuses a very important component of commuters life.   
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Figure 1: Old type minibuses (www.wowturkey.com) 

 

In the following years the government provided alternative transportation 

modes such as tramway, metro and long buses. However, the increase in the popula-

tion and need for transportation was much beyond the provided services. These cir-

cumstances caused minibuses to be in the daily life for a longer period. Today even 

in the urban areas there are thousands of minibuses still providing transportation. The 

integration of minibuses to the developing cities was a little bit challenging. Because 

each minibus represents a different owner and government regulations and interven-

tions are severely protested by these owners. Eventually, in Istanbul the mayor forced 

minibuses to work outside the city center. Their routes are changed by using law 

enforcement. Currenty, the minibuses mostly operate in the outer edges of the city 

center where the location are accepted as rural.  

The minibus organizations are established and they accept a self-governing 

style. Which is the main problem between the municipality and the minibus organi-

zations. Because the schedule, operational hours, service days, continuity in services 

and passenger centralized transportation is not very feasible with minibuses. There 

is not a back up system, for example in in a route 5 minibuses is operating and if two 

of them is out of service due to maintenance that measn only 3 vehicles will provide 

service. This situation increases the waiting time in the stops and increases the total 

travel time and cause a decrease in the trust of passengers. In this study, the schedul-

ing problem of minibus organizations is considered and a computer based dynamic 

scheduling model is suggested. 

 

2. PROBLEM IDENTIFICATION  

In previosu years due to lack of vehicles, minibuses did not require a schedule. 

People were aware of the hours and they have to be in the line waiting for a minibus. 

http://www.wowturkey.com/
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The system was almost same as a airport, in especially rural areas people were wait-

ing in minibus terminals for up to 2 hours. However in the following years the num-

ber of minibuses increased and then government provided official licence to these 

vehicles and introduced them as officially to the public. Each minibus represents a 

different owner and these owners are free to operate their minibuses. This situation 

causes a chaos and disorder, where one of the basic components of the transportation 

system is the order. For example, which minibus will take the first service, and when 

the first service will start exactly, these were the basic problems of minibus schedul-

ing services. However the biggest problem is due to economic considerations in other 

words the distribution of income in the route. The minibus organizations consists of 

minibuses varying from 50 to 400 vehicles, and there are different terminals on an 

organizationôs route. The demands for transportation are different between different 

terminals, and minibus owners have the knowledge about which route provides the 

higher income level. Therefore, in order to provide an order and distribute the in-

comes equally. There should be a schedule and the minibuses who disobey this offi-

cial schedule created by the minibus federation should be punished. This is the only 

solution in order to provide a continuity in all routes.  The schedule has been planning 

without using any computer program and 2 persons was responsible for the planning. 

They were able to check the schedules of 4 ï 5 weeks of past while planning the next 

schedule. Which causes an inequality in distribution of incomes and some of the 

minibus owners were protesting the federations schedules if they are not in the list of 

higher income routes.  

 

3. DATA 

The minibus federation was looking for a professional solution to this problem. 

The current scheduling system was not sustainable due to insufficient back up. In 

order to provide an optimum solution the data is gathered for 3 months. The data 

include the total distance of a route, the number of the required vehicles depending 

upon the demand, the change in the week days and weekends, the total possible ser-

vice tours in a day. Because the number of the tours decide about the income level. 

If a minibus is a head starter in the list it provides one extra service tour and increases 

the daily income. The data is gathered within a short period in order to exclude the 

changes in the gasoline prices and transportation fee changes.  

 

3.1. Study Area 

The study area covers a rural area in the northwest of the city. There are 13 

routes between terminals with various trip generations. The routes passes through the 
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center of Arnavutkoy County. One edge of the routes is in the city center is Edir-

nekapi, which has the longest route length and highest income level. It causes many 

problems because the minibus owners always keep looking for providing service in 

Edirnakapi route. There are totally 122 minibuses serving on A-15 minibus zone. The 

federation rules and schedules for the minibuses working on A -15 zone. 

 

 

Figure 1.  The route and terminals of the A ï  

15 Minibus Zone (ibb.istanbul  .com, 2019) 

 

4. PROPOSED DYNAMIC SCHEDULING MODEL  

The collected data is analyzed and then the required number of minibuses 

which provides an approximate equality in the distribution of the incomes is de-

signed. The dynamic model, provides a point to each minibus and sum them in a 

separate page. For example the highest income level is 10, which is Edirnekapi route, 

if a minibus is listed in there it gets 10 points directly. The list is produces for one 

week. And each minibus in the vehicle move to second place in the following days. 

For example if a minibus is working as a head starter in Edirnekapi route on Monday, 

on Tuesday it will start in the end of the list for the Edirnakapi route. Then the list 

keeps turning until Sunday. For the next week the dynamic model calculate the total 

points of the minibuses and distribute them to the routes. After a certain time period 

it is observed that the total points of the minibuses are mostly equal to each other and 

in one year the number of the total weeks that they work on Edirnekapē route is almost 

equal to each other. 
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Figure 2: A sample of the distributed schedule to the Minibus owners. 

 

5. CONCLUSION 

By performing this dynamic schedule to the minibus federation, the lists be-

came more professional and organized. The list is designed by considering the in-

come distribution and the total length of the routes. Also, computer based program 

helped the minibus federation to keep the schedules of the previous weeks allowing 

them to compare and analyze the distributions. 

This solution is uploaded to website which has only private access to the min-

ibus federation. They can reach their weekly schedule and if they have any com-

plaints they can observe the number of total points for each vehicle. The optimum 

list for 122 vehicles have been provided for almost 2 years and it is observed that the 

number of the complaints dractically dropped and the time for solving problems and 

dealing with complaints is reduced. Also the time spent for producing a new schedule 

is reduced which lead to need for less human power and invention.  

This suggested dynamic scheduling program can be adjusted to other minibus 

zones than A -15. It was a pilot zone and its success is huge. There are some necessary 

improvements on the other hand, for example, if a minibus needs maintenance during 

a week and if it is on a high demand route such as Edirnekapi route, the replacements 

is a problem. Because it effects the pointing system of the program directly, currently 

this problem is solved by manual intervention to produced lists without entering any 

change information to the program. However, an automatic replacement technique 

will be attached to the program soon. 
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FARKLI ZEMĶN TĶPLERĶNDE ķAFT DAVRANIķININ 

N¦MERĶK ANALĶZLERLE ĶNCELENMESĶ 

H¿seyin ¦NL¦ 

Yēldēz Teknik ¦niversitesi 

Do­. Dr. Saadet Arzu BERĶLGEN 

Yēldēz Teknik ¦niversitesi 

¥ZET: Hēzla artan ĸehir n¿fusu ile birlikte s¿rd¿r¿lebilir ve etkili alt-

yapē tesislerine olan ihtiya­ta artmēĸtēr. Bu tesislerin imalatē i­in derin kazē uy-

gulamalarēna sēklēkla baĸvurulmaktadēr. Dairesel kazēlar saĵladēĵē bir takēm ya-

pēsal avantajlar nedeniyle sēklēkla tercih edilmektedir. Eksenel simetrinin sºz 

konusu olduĵu dairesel ĸaft kazēlarēnda d¿zlem ĸekil deĵiĸtirme kabul¿ne kē-

yasla i­ destek elemanlarēna olan ihtiya­ azalmaktadēr. Bºylece hem maliyet 

azalmakta hem de  inĸaat faaliyetleri i­in alan kazanēlmēĸ olmaktadēr. Saĵladēĵē 

avantajlarēn aksine dairesel ĸaftlarla ilgili literat¿rde yer alan ­alēĸmalar kēsētlē-

dēr. Bu ­alēĸmanēn amacē kum zeminde inĸa edilen segmental ĸaftēn mukavemet 

parametresindeki deĵiĸimin duvar ¿zerinde normal kuvvet, kesme kuvveti, 

eĵilme momenti, ­evre eksenel kuvveti, duvar ve zemin deplasmanlarē ¿zerin-

deki etkisini incelemektir. Kum zeminin Ï=24Á, Ï=27Á,  Ï=30Á,  Ï=33Á,  

Ï=36Á olduĵu durumlar i­in Plaxis2D sonlu eleman yazēlēmē ile 5 farklē analiz 

yapēlmēĸ ve sonu­lar grafikler ¿zerinde gºsterilerek deĵerlendirilmiĸtir. Hesap-

larda duvar arkasēnda 1 metre geriden baĸlayan 3 metre geniĸliĵinde 10kPaôlēk 

bir s¿rĸarj y¿k¿ gºz ºn¿ne alēnmēĸtēr. 

Anahtar kelimeler: Dairesel ĸaft, eksenel simetri, sonlu elemanlar yºn-

temi, plaxis 

 

Numerical Analysis of Shafts in Different Soil Types 

 

ABSTRACT: As a result of increasing city population, the need for 

efficient infrastructure systems is rising. For the construction of these facilities, 

deep excavation applications are often used. Circular excavations are preferred 

because of its large structural stiffness. In circular excavations in which axial 

symmetry situation take place, the need for lateral support elements is decreas-

ing significantly compared to plane-strain situation. Therefore it provides more 

economic solutions and more space for construction activities. In spite of its 

benefits, little attention has been paid to the performance of circular shafts. The 

purpose of this study is to determine the structural forces -axial force, hoop 
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force, shear force, bending moment- acting on the shaft wall and ground move-

ments for different soil strength parameters in a sandy soil. 5 numerical analysis 

are performed in Plaxis2D finite element software for different internal friction 

angles Ï=24Á, Ï=27Á,  Ï=30Á,  Ï=33Á,  Ï=36Á and the result are shown with 

graphics. A surcharge of 10kPa is considered in calculations which starts from 

1 meter behind the wall and has 3 meters length.  

Keywords: Circular shaft, axial symmetry, finite elements method, 

plaxis  

 

 

1. GĶRĶķ VE Y¥NTEM 

¢alēĸmada incelenen ĸaft 6 m ­aptadēr ve 9 metre kazē derinliĵi vardēr. Ķstinat 

yapēsē olarak 0,30 m kalēnlēĵēnda prefabrik betonarme paneller, taban dºĸemesi i­inse 

0,15 m kalēnlēĵēnda betonarme dºĸeme kullanēlmēĸtēr.  

 

 

ķekil 1. Zemin Profili 

 

Kazē ­alēĸmasē her defasēnda 1,5 m olmak ¿zere toplam 6 aĸamada olacak ĸe-

kilde programa tanētēlmēĸtēr. Yer altē suyu hesaplarda gºz ºn¿ne alēnmayēp zemininin 

kuru olduĵu varsayēlmēĸtēr. Analiz ºncesi sistem mesh edilerek 15 d¿ĵ¿m noktalē 

¿­gen elemanlara bºl¿nm¿ĸt¿r. 

 

Tablo 1. Duvar yapēsal parametreleri 

  EA (kN/m) EI (kNmĮ/m) w (kN/m/m)  

Betonarme Segment C40/50 10500000 78750 4,8 0,2 

Taban Dºĸemesi C16/20 4125000 7734 2,4 0,2 
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Tablo 2. Zemin parametreleri 

 1. Analiz 2. Analiz 3. Analiz 4. Analiz 5. Analiz 

Malzeme Modeli 
Mohr - Co-

ulomb 

Mohr - 

Coulomb 

Mohr - 

Coulomb 

Mohr - 

Coulomb 

Mohr - 

Coulomb 

Drenaj Tipi Drenajlē Drenajlē Drenajlē Drenajlē Drenajlē 

ɔsat 20 20 20 20 20 

ɔunsat 18 18 18 18 18 

E' 10500 14000 17500 21000 24500 

ɜ' 0,3 0,3 0,3 0,3 0,3 

c' 1 1 1 1 1 

ű' 24 27 30 33 36 

Ɋ 0 0 0 0 0 

Aray¿z Mukavemeti Manuel Manuel Manuel Manuel Manuel 

Aray¿z Mukavemet 

Azaltma Katsayēsē (Rin-

ter) 

0,8 0,8 0,8 0,8 0,8 

K Auto. Auto. Auto. Auto. Auto. 

 

2. SONU¢LAR 

Beĸ farklē i­sel s¿rt¿nme a­ēsē deĵeri i­in yapēlan analizler sonunda i­ kuvvet 

ve deplasman deĵerlerinde meydana gelen deĵiĸim grafiklerle gºsterilmiĸtir.  
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ķekil 2. Ķ­sel s¿rt¿nme a­ēĸē-Normal kuvvet iliĸkisi 

 

 

ķekil 3. Ķ­sel s¿rt¿nme a­ēĸē-Duvar eĵilme momenti iliĸkisi 
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ķekil 4. Ķ­sel s¿rt¿nme a­ēĸē-Kesme kuvveti iliĸkisi 

 

ķekil 5. Ķ­sel s¿rt¿nme a­ēĸē-¢evre eksenel kuvveti iliĸkisi 
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ķekil 6. Ķ­sel s¿rt¿nme a­ēĸē-Duvar deplasmanē iliĸkisi 

 

 

ķekil 7. Ķ­sel s¿rt¿nme a­ēĸē-Zemin deplasmanē iliĸkisi 

 

Ķ­sel s¿rt¿nme a­ēĸēndaki artēĸēn zeminde meydana gelen deplasmanlara etkisi 

incelendiĵinde  deplasman deĵerlerinde sērasēyla %26, %20, %16 ve %12ôlik azalma 

olduĵu gºr¿lmektedir. Deplasman deĵerlerindeki azalma zamanla yavaĸlamēĸtēr. 

Duvara etkiyen normal kuvvetlerde f=33Á deĵerine kadar %12ôlik bir artēĸ, 

f=36Á deĵerindeyse %5ôlik bir azalma gºr¿lm¿ĸt¿r. 

Eĵilme momenti deĵeri ise f=33Á deĵerine kadar artarken f=36Á deĵerine ­ē-

kēldēĵēnda azalmēĸtēr.  

Kesme kuvveti deĵerlerindeki d¿ĸ¿ĸ¿n ise artan bir hēzda ger­ekleĸtiĵi gºr¿l-

m¿ĸt¿r. 
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ķaft kaplamasēnda dairesel geometriden kaynaklē meydana gelecek ­evresel 

normal gerilmeler  i­sel s¿rt¿nme a­ēsēnēn artmasēyla azalmēĸtēr. %48 oranēnda 

azalma gºsteren ­evre eksenel kuvvet, zemin mukavemeti deĵiĸimine karĸē en hassas 

parametre olarak karĸēmēza ­ēkmēĸtēr. 

Ķ­sel s¿rt¿nme a­ēsēndaki deĵiĸimin toplam duvar deplasmanē ¿zerindeki et-

kisi incelendiĵinde ise f deĵerleri attēk­a duvar deplasmanēn azaldēĵē ancak f=33Á 

deĵerinden sonra  deplasman deĵerindeki d¿ĸ¿ĸ hēzēnda azalma olduĵu gºr¿lm¿ĸt¿r. 

Sonu­ olarak i­sel s¿rt¿nme a­ēsē deĵerindeki artēĸēn duvardaki i­ kuvvetlerde,  

duvar ve zemin deplasmanlarēnda  azalmaya neden olduĵu tespit edilmiĸtir.  
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NARX VE RELĶEFF Y¥NTEMLERĶNĶN 
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Dr. ¥ĵrt. ¦. Emre AKARSLAN 

Afyon Kocatepe ¦niversitesi 

 Prof. Dr. Fatih Onur HOCAOĴLU 

Afyon Kocatepe ¦niversitesi 

¥ZET: Yenilenebilir enerji kaynaklarēnēn kullanēmēnēn artmasē, farklē 

kaynaklarēn ihtiya­ sebebiyle ĸebekeye dahil edilmesi, enerji sistemlerinin 

doĵru yºnetimini zorunlu kēlmēĸtēr. Bununla beraber t¿ketim tarafēnēn da yºne-

tilmesi gerekir. Etkin bir yºnetim i­in ise y¿k talebinin doĵru bir ĸekilde tahmin 

edilmesi gerekir. Bu ­alēĸmada Afyon Kocatepe ¦niversitesi ana kamp¿s ala-

nēna ait saatlik olarak toplanan elektrik t¿ketimi verileri modelleme i­in kulla-

nēlmēĸtēr. Bu verinin modellenmesinde t¿ketimin ger­ekleĸtiĵi saat, g¿n, ay ve 

mevsim gibi zamana dayalē veriler de kullanēlmēĸtēr. Kullanēlan yºntemde ºn-

celikle Relieff algoritmasē yardēmēyla mevcut girdilerden t¿ketim verisiyle en 

y¿ksek iliĸkiye sahip olan veriler belirlenmiĸtir. Sonrasēnda ise NARX (Nonli-

near Auto Regressive with Exogeneus inputs) yºntemi kullanēlarak t¿ketim ve-

risi modellenmiĸ ve saatlik tahminler ger­ekleĸtirilmiĸtir. Se­ilen ºzniteliklerin 

tahmin baĸarēsēna olan etkisi incelenmiĸ ve deĵerlendirilmiĸtir. Ayrēca, ger­ek-

leĸtirilen deney sonu­larē, kullanēlan yºntemin y¿k modellemede olduk­a ba-

ĸarēlē sonu­lar verdiĵini gºstermiĸtir.   

Anahtar Kelimeler:  Y¿k tahmini, NARX, Relieff Metot  

 

Hourly Load Forecasting Using a Combination of NARX and Re-

lieff Methods  

 

ABSTRACT: Due to the increase in the use of renewable energy 

sources and the inclusion of different sources in the network, made it necessary 

to manage energy systems, properly. However, the consumption side also needs 

to be managed. For effective management, demand for the load needs to be 

predicted, accurately. In this study, hourly collected electricity consumption 

data of Afyon Kocatepe University main campus area are intended to model. 

Time-based data such as hours, days, months and seasons of consumption are 

used in the modeling. In the method first, the data having the highest relation 

with consumption are determined from the existing inputs by Relieff algorithm. 

Then, hourly estimations are performed by modeling consumption data using 

NARX (nonlinear automatic regression with Exogeneus inputs) method. The 
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effect of selected characteristics on predictive success is examined and evalu-

ated. In addition, experimental results showed that the method used is very suc-

cessful in modelling.    

Keywords: Load forecasting, NARX, Relieff Method 

 

 

1. GĶRĶķ 

¦retimin etkin bir ĸekilde deĵerlendirilebilmesi i­in t¿ketimin hangi zaman 

aralēĵēnda ne kadar olacaĵēnē belirlemek kritiktir. Bu sebeple bir ĸebeke yºnetilirken, 

kēsa dºnem i­erisinde y¿k¿n ne olacaĵēnēn tahmin edilmesi ¿zerine yapēlan ­alēĸma-

lar olduk­a ºnemlidir. Literat¿rde bu alanda yapēlmēĸ pek ­ok ­alēĸma vardēr. Zhang 

vd (2019) yaptēklarē ­alēĸmada ­oklu doĵrusal regresyon, rastgele ormanlar (random 

forests) ve gradyan artērēlmasē (gradient boosting) yºntemlerini kullanarak Kuzey 

California i­in saatlik y¿k tahmini ¿zerine ­alēĸmēĸlardēr. Hava sēcaklēĵē, tatil za-

manē, ay, ºnceki haftaki t¿ketim verileri gibi bir takēm yardēmcē parametrelerin kul-

lanēldēĵē ­alēĸmada t¿m modellerde %3 civarēnda doĵrulukla tahminler ger­ekleĸti-

rilmiĸtir.  

Yang vd. (2019) yeni bir derin topluluk ºĵrenme tabanlē olasēlēksal y¿k tahmin 

(deep ensemble learning based probabilistic load forecasting framework) algoritmasē 

ºnermiĸlerdir. 

Bu algoritma, gºrevin anlaĸēlmasēna entegre edilmiĸ farklē m¿ĸteri gruplarēnēn 

profillerini kullanēr. Ķrlanda'da a­ēk eriĸim veri seti ¿zerinde yapēlan ­alēĸmalar, ºne-

rilen algoritmanēn etkinliĵini gºstermiĸtir. Vieira vd (2020) yaptēklarē ­alēĸmada, be-

lirli bir bºlgedeki komĸu etkilerini sim¿le etmek i­in uygulanan mekansal konvol¿s-

yona dayalē mekansal elektrik y¿k¿ tahmini i­in yeni bir algoritma sunmaktadēr. 

Uzay alanēnda, uzaysal konvolusyon, d¿ĵ¿mler arasēndaki baĵlantēyē ve konvolus-

yon matrisinin aĵērlēklarē, komĸularēn gºreceli etkisini tanēmlar. Yapēlan ­alēĸmalar, 

bu metodolojinin hesaplama a­ēsēndan ­ok etkili olduĵunu ve b¿y¿k veri k¿meleri 

i­in olduk­a yeterli olduĵunu gºstermiĸtir. Imani ve Ghassemian (2019) yaptēklarē 

­alēĸmada kēsa dºnem y¿k tahmini i­in derin ºĵrenme (deep learning) kullanmēĸlar-

dēr. Ayrēca ºnerilen yºntemde ºznitelik se­imi i­in ise dalgacēk dºn¿ĸ¿m¿n¿ (wave-

let transform) tahmin sistemine entegre etmiĸlerdir. Yapēlan ­alēĸmada, gecikmeli 

y¿k deĵiĸkeni vektºr¿nden ­ēkarēlan y¿k ºzniteliklerinin, ºzellikle ekstra cihaz y¿k 

verileriyle ¿st¿n tahmin performansē saĵladēĵē gºr¿lm¿ĸt¿r.  

Pirbazari vd. (2019) kēsa dºnem y¿k tahmini i­in farklē ºznitelik se­im yºn-

temlerinin performanslarēnē araĸtērmēĸlardēr. Bu kapsamda F-regresyon (F-regres-
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sion), Karĸēlēklē Bilgi (Mutual Information), ¥zyinelemeli ¥zniteliklerin Eliminas-

yonu (Recursive Feature Elimination) ve Elastik Aĵ (Elastic Net.) ºznitelik yºntem-

lerinin performanslarē incelenmiĸtir. Test sonu­larē, t¿m ºznitelik se­im yºntemleri-

nin her hane i­in olduk­a ilgili ºzelliklerden oluĸan bir alt k¿meyi tanēmlayabilece-

ĵini gºstermiĸtir. Liu vd. (2019) yaptēklarē ­alēĸmada yaĵēĸ, sēcaklēk, ¿retim kapasi-

tesi vb. gibi ºzniteliklerin g¿­ y¿k¿ tahmini ¿zerindeki gecikme etkisini incelemiĸ-

lerdir. Yapēlan ­alēĸmada sadece y¿k ile en ­ok iliĸkili ºznitelikler deĵil, aynē za-

manda ºznitelik ile y¿k arasēndaki gecikmiĸ etkiyi de i­eren etkili bir altk¿me belir-

lenmiĸtir. Yapēlan ­alēĸmada ºznitelik se­imi ile hem tahmin hatasē hem de tahmin 

zamanē azaltēlmēĸtēr. Abedinia vd. (2016) elektrik g¿­ sistemlerinde y¿k ve fiyat tah-

mini i­in yeni bir ºznitelik se­im yºntemi ºnermiĸlerdir. ¥nerilen yºntemin ºnemli 

bir katkēsē, ºzellik se­imi i­in bilgi-teorik ºl­¿tlere dayalē olarak ilgililik ve fazlalēĵa 

ek olarak etkileĸimin modellenmesidir. Hibrit filtre-sargē (hybrid filter-wrapper) yºn-

temi ile aday girdilerin koordineli bir ĸekilde uygunluĵu, fazlalēĵē ve etkileĸimi gºz 

ºn¿nde bulundurarak en bilgilendirici ºzniteliklerin minimum bir alt k¿mesi se­ilir. 

Li vd. (2015) yaptēklarē ­alēĸmada kēsa dºnem y¿k tahmini i­in Dalgacēk Tabanlē 

Topluluk Yºntemini (Wavelet-Based Ensemble Method) kullanmēĸlardēr. Yºn-

temde, sinir aĵlarēnēn ºĵrenme doĵruluĵunu arttērmak i­in ELM ve Levenberg-

Marquardt yºntemini harmanlayan bir karma ºĵrenme algoritmasē ºnerilmiĸtir. Ay-

rēca ºngºrme modeli i­in kompakt bir girdi deĵiĸkenleri k¿mesi se­mek i­in koĸullu 

karĸēlēklē bilgilere dayanan bir ºznitelik se­im yºntemi geliĸtirilmiĸtir. Deney sonu­-

larē ºnerilen yºntemin geleneksel yºntemlerden daha baĸarēlē tahmin sonu­larē saĵ-

ladēĵēnē gºstermiĸtir. 

Bu ­alēĸmada ise y¿k tahmininde ºznitelik se­menin tahmin baĸarēsēna olan 

etkisi incelenmiĸtir. Afyon Kocatepe ¦niversitesi ANS kamp¿s¿ yerleĸkesine ait iki 

yēllēk saatlik y¿k talebi kullanēlmēĸ ve bu verinin daha baĸarēlē modellenmesi i­in 

ºzniteliklerden daha ilgili olanlar se­ilmeye ­alēĸēlmēĸtēr. ¢alēĸmada NARX (Nonli-

near Auto Regressive with Exogeneus inputs) yºntemi y¿k tahmini i­in kullanēlmēĸ, 

ºznitelik se­imi i­in ise Relieff yºntemi tercih edilmiĸtir. Relieff ile her bir ºzniteli-

ĵin ºnemi puanlanmēĸ ve bu puanlamaya gºre se­ilen ºzniteliklerin tahmin baĸarē-

sēna etkisi araĸtērēlmēĸtēr. 

 

2. KULLANILAN VERĶLER 

Bu ­alēĸmada Afyon Kocatepe ¦niversitesi ana kamp¿s bºlgesine ait saatlik 

y¿k talebi verileri incelenmiĸtir. Kamp¿s alanē i­erisinde eĵitim binalarēndan konfe-

rans salonuna, spor salonundan laboratuvarlara, hayvan hastanesinden s¿t iĸleme te-

sisine kadar farklē karakteristiĵe sahip y¿kler i­erdiĵi i­in bºyle bir ­alēĸmaya ol-

duk­a uygundur. Bu kapsamda, 2015-2017 yēllarē arasēnda saatlik olarak toplanan 
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elektrik t¿ketim verileri y¿k talebi olarak kullanēlmēĸtēr. Yapēlan ­alēĸmada NARX 

aĵlarē kullanēlmēĸ, girdi olarak deĵerlendirilen t¿ketimin mevsimi, ayē, g¿n¿ ve saati 

verilerinden her birinin ºnemi Relieff metodu ile belirlenmiĸtir. Eĵitimde kullanēlan 

2015 yēlēna ait t¿ketimler ķekil 1ôde gºsterilmektedir. 

 

ķekil 1. Eĵitimde kullanēlan 2015 yēlēna ait bir yēllēk saatlik t¿ketim verisi 

 

ķekil incelendiĵide y¿kte b¿y¿k bir deĵiĸkenlik olduĵu ancak zamana baĵlē 

bir trendin de mevcut olduĵu gºr¿lmektedir. T¿ketimin mevsimlere, aylara, g¿nlere 

ya da saatlere gºre deĵiĸkenlik gºsterdiĵi gºr¿lebilir, ancak hangisinin daha belirle-

yici olduĵu anlaĸēlamaz. Bu sebeple ger­ekleĸtirilen ­alēĸmada hangi ºzniteliĵin daha 

belirleyici olduĵu Relieff metodu kullanēlarak deĵerlendirilmiĸtir. 

 

3. KULLANIL AN Y¥NTEM 

Ger­ekleĸtirilen ­alēĸmada ºznitelik se­imi i­in Relieff ºznitelik se­im yºn-

temi kullanēlmēĸtēr. Relieff metodu, veri setinden bir ºrnek ele alarak ilgili ºrneĵin, 

kendi sēnēflarēndaki diĵer ºrneklerle yakēnlēĵēnē ve farklē sēnēflarla olan uzaklēĵēna 

baĵlē bir model oluĸturarak ºznitelik se­me iĸlemini ger­ekleĸtirmektedir (G¿m¿ĸ­¿ 

vd., 2016). Relieff algoritmasē, rastgele bir ºrnek Ri se­er, ancak daha sonra aynē 

sēnēftan en yakēn k-komĸusunu (Hj) ve farklē sēnēflarēn her birinden en yakēn k-kom-

ĸusunu (Mj(C)) arar (Durgabai, 2014). Ka­ērēlan her sēnēfēn katkēsē, bu P(C) sēnēfēnēn 

(olasēlēkla eĵitim setinden hesaplanan) ºnceden (prior) olasēlēĵē ile aĵērlanmaktadēr. 
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Her adēmdaki doĵru ve yanlēĸ sēnēflarēn katkēlarēnēn [0,1] aralēĵēnda ve simetrik ol-

masē istenildiĵi i­in yanlēĸ sēnēf olasēlēk aĵērlēklarēnēn 1'e eĸit olmasē saĵlanēr. Her bir 

olasēlēk aĵērlēĵē 1-P(sēnēf(Ri))ôye bºl¿n¿r ve bu iĸlem m kere tekrarlanēr (Sikonja ve 

Kononenko, 2003). Bºylece bir ºznitelik se­im iĸlemi ger­ekleĸtirilir.  

¢alēĸmada tahmin i­in NARX yºntemi kullanēlmēĸtēr. Aslēnda, NARX kon-

septi, lineer kara kutu (black-box) sistem tanēmlamasēnda standart bir ara­ olan Oto-

regressive Exogenous'un (ARX) doĵrusal olmayan bir genellemesidir (Chen vd., 

1990). NARX modelleri ­ok ­eĸitli doĵrusal olmayan dinamik sistemleri modelle-

mek i­in kullanēlabilir. NARX tekrarlayan dinamik bir sinir aĵēdēr. Aĵēn birka­ kat-

manēnē saran geri bildirim baĵlantēlarēna sahiptir. NARX sinir aĵēnēn doĵrusal olma-

yan zaman serileri tahmini i­in tam performansēnē elde etmek i­in, ºngºr¿len ya da 

doĵru zaman serilerinin ge­miĸ deĵerlerini kullanarak bellek yeteneĵini kullanmasē 

ilgin­ bir ºzelliĵidir (Boussaada vd., 2018). NARX sinir aĵlarē seri (a­ēk ­evrim) ve 

paralel (kapalē ­evrim) olmak ¿zere 2 farklē mimariden oluĸur. NARX i­in bir pren-

sip ĸema ķekil 2ôde sunulmuĸtur. 

 

 

ķekil 2. Paralel ­evrim NARX aĵē prensip ĸemasē (Piezza vd., 2016) 

 

4. SĶM¦LASYON SONU¢LARI 

Ger­ekleĸtirilen ­alēĸmada Afyon Kocatepe ¦niversitesi ana kamp¿s alanē i­in 

saatlik y¿k talebi NARX kullanēlarak modellenmiĸtir. ¢alēĸmada ilk olarak y¿k¿n 

ge­miĸ deĵerlerinin yanēnda t¿ketimin saati, g¿n¿, ayē ve mevsimi gibi zamansal ve-

rilerin kullanēlmasē kararlaĸtērēlmēĸtēr. Ardēndan Relieff yºntemi kullanēlarak bu ºz-

niteliklerden hangisinin y¿k talebinin modellenmesi i­in daha kēymetli bilgi taĸēdēĵē 

belirlenmeye ­alēĸēlmēĸtēr. Son olarak da belirlenen bu ºnem sērasēnēn modelleme ba-

ĸarēsē ¿zerinde etkisinin beklenen gibi olup olmadēĵē analiz edilmiĸtir. Oluĸturulan 
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modelin baĸarēsēnē deĵerlendirmek i­in ortalama karesel hatanēn karekºk¿ (RMSE) 

kriteri kullanēlmēĸtēr. RMSE tahmin baĸarēsēnē deĵerlendirmek i­in en sēk kullanēlan 

deĵerlendirme kriterlerinden bir tanesidir. RMSEônin k¿­¿k deĵerleri daha baĸarēlē 

bir tahmini ifade eder ve aĸaĵēdaki eĸitlik ile hesaplanēr.  

 ὙὓὛὉ В Ὅὸ Ὅὸ   (1) 

Relieff metodu kullanēlarak belirlenen ºzniteliklerin ºnem deĵerleri Tablo 

1ôde sunulmuĸtur. Tablodan gºr¿ld¿ĵ¿ ¿zere t¿ketimin ger­ekleĸtiĵi saat rankē en 

d¿ĸ¿k olan ºznitelik olarak belirlenirken, t¿ketimin ger­ekleĸtiĵi mevsim rankē en 

y¿ksek ºznitelik olarak belirlenmiĸtir.  

 

Tablo 1. Relieff ile belirlenen ºzniteliklere ait rank deĵerleri 

¥znitelik Hesaplanan Deĵer Rank 

T¿ketim Mevsimi 0 (Sēfēra ­ok yakēn) 4 

T¿ketim Saati 38x10-4 1 

T¿ketim G¿n¿ 7,056x10-4 2 

T¿ketim Ayē 7,138x10-5 3 

 

Tablo 1ôdeki sonu­lar gºz ºn¿nde bulundurulursa, mevsim girdi veri setinden 

­ēkarēlērsa daha baĸarēsēz sonu­lar elde edilmesi beklenirken, t¿ketimin ger­ekleĸtiĵi 

saatin girdi veri setinden ­ēkarēlmasē durumunda daha baĸarēlē sonu­lar elde edilmesi 

beklenir. Bunun sebebi eĵer bir ºznitelik ºnemli ise onun olmamasē tahmin sonucu-

nun kºt¿leĸmesine sebep olacaktēr. ¥nemsiz olarak belirlenen ºzniteliĵin girdi veri 

setinden ­ēkmasē durumunda ise ya baĸarēda ºnemli bir deĵiĸiklik olmayacak ya da 

baĸarē artacaktēr. NARX kullanēlarak ger­ekleĸtirilen saatlik y¿k tahmini performans 

sonu­larē Tablo 2ôde sunulmuĸtur. 
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Tablo 2. NARX yºntemi ile elde edilen performans sonu­larē 

Girdiler  

Veri setinde  

olmayan girdi 

Hata 

(RMSE) 

T¿ketim-Saat-G¿n-Ay Mevsim 0,0413 

T¿ketim-Mevsim-G¿n-Ay Saat 0,0348 

T¿ketim-Mevsim-Saat-Ay G¿n 0,0326 

T¿ketim-Mevsim-Saat-G¿n Ay 0,0373 

    

Tablodan gºr¿leceĵi ¿zere mevsim bilgisinin veri setinde olmadēĵē durumda 

en baĸarēsēz tahmin sonu­larē elde edilirken, en baĸarēlē sonu­lar g¿n verisinin girdi 

veri setinde olmadēĵē durumda elde edilmiĸtir. NARX aĵēnēn eĵitimi kēsmēnda oluĸan 

hatalara ait histogram ķekil 3ôte, en baĸarēlē sonu­ i­in ger­ek ve tahmin verileri ara-

sēndaki korelasyonu gºsteren grafik ise ķekil 4ôte sunulmuĸtur. 

 

ķekil 3. Eĵitim aĸamasēnda NARX aĵlarēnda elde edilen hata histogramē 

 

ķekil 3 incelendiĵinde t¿m aĸamalarda hatanēn ­ok b¿y¿k ­oĵunluĵunun sēfēra 

­ok yakēn olan bºlgede toplandēĵē gºr¿lmektedir. Bu durum NARX aĵlarēnēn saatlik 
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y¿k talebini modellemede baĸarēlē olduĵunu gºstermektedir. ķekil 4 incelendiĵinde 

ise ger­ekleĸtirilen tahminlerin olduk­a baĸarēlē olduĵu gºr¿lmektedir. Ger­ek ver 

tahmin edilen deĵerlerlerin korelasyonunu gºsteren grafikte verilerin diagonal eksen 

etrafēnda toplandēĵē ve bu verilerin dar bir aralēkta daĵēldēĵē gºr¿lmektedir. Bu durum 

baĸarēlē bir tahmin performansēna iĸaret eder. 

 

ķekil 4. ¥l­¿len deĵerler ile tahmin edilen deĵerlerin korelasyonu 

  

5. SONU¢LAR VE DEĴERLENDĶRME 

Ger­ekleĸtirilen ­alēĸmada Afyon Kocatepe ¦niversitesi ana kamp¿s alanē i­in 

saatlik y¿k talebi NARX aĵlarē kullanēlarak tahmin edilmiĸtir. T¿ketim verilerinin 

ge­miĸ deĵerlerinin yanē sēra t¿ketimin ger­ekleĸtiĵi saat, g¿n, ay ve mevsim bilgisi 

de kullanēlabilecek ºznitelikler olarak belirlenmiĸtir. Daha sonra Relieff ºznitelik se-

­im yºntemi kullanēlarak her bir ºzniteliĵin rankē belirlenmiĸ ve bu ranka baĵlē ola-

rak hangilerinin kullanēlacaĵēna karar verilmiĸtir. Bu ĸekilde bir ºznitelik se­iminin 

tahmin baĸarēsēna etkisi incelenmiĸtir. Bu kapsamda bir NARX modeli oluĸturulmuĸ 

ve adil bir karĸēlaĸtērma i­in t¿m ­alēĸmada aynē model kullanēlmēĸtēr. Sim¿layon 

sonu­larē Relieff kullanēlarak daha ºnemli olduĵuna karar verilen veriler ile yapēlan 

tahminlerde daha baĸarēlē sonu­lar elde edilirken, daha ºnemsiz olduĵuna karar veri-

len veriler ile daha baĸarēsēz sonu­lar elde edildiĵi gºr¿lm¿ĸt¿r. Relieff metodunun 

saatlik y¿k tahmini ­alēĸmalarē i­in uygun bir ºznitelik se­im yºntemi olduĵu gºr¿l-

m¿ĸt¿r. Ayrēca NARX aĵlarēnēn saatlik y¿k talebi modellemesinde olduk­a baĸarēlē 
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sonu­lara imkan saĵladēĵē anlaĸēlmēĸtēr. Farklē ºznitelik se­im yºntemlerinin bºyle 

bir ­alēĸma i­in uygunluĵunun araĸtērēlmasēnēn gelecek ­alēĸmalar i­in uygun olacaĵē 

d¿ĸ¿n¿lmektedir.    
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¥ZET: G¿neĸ panellerinin sahadaki verimlerinin arttērēlmasē m¿hen-

dislik uygulamalarē ve yeni ve yenilik­i materyallerin geliĸtirilmesi ile m¿m-

k¿nd¿r. Bir g¿neĸ paneli, g¿neĸ h¿crelerinin arasēna yerleĸtiĵi, enkaps¿lant, 

jonksiyon kutusu, yalētkan ped, anodize al¿minyum ­er­eve ve y¿ksek ēĸēk ge-

­irme kabiliyetine sahip, temperli camdan oluĸmaktadēr. G¿neĸ h¿crelerinden 

maksimum verim elde edilebilmesi i­in, bu tabakalarēn tamamē dikkate alēna-

rak kaliteli malzemeler kullanēlmalēdēr. Bu malzemelerin kullanēmēnda, panel 

i­erisine giren ēĸēk miktarēnēn maksimize edilmesi ve i­eriye giren ēĸēĵēn dēĸa-

rēya yansēmasēnēn ºn¿ne ge­ilmesi ºnemlidir. Diĵer taraftan sēcaklēk g¿neĸ 

h¿crelerinin verimini olumsuz olarak etkiler. Bu nedenle g¿neĸ enerjisinin ēĸēĵa 

karĸēlēk gelen dalga boylarēnē dikkate alērken, ēsēya karĸēlēk gelen dalga boyla-

rēnēn s¿z¿lmesi ºnemlidir. Bu ­alēĸmada farklē g¿neĸ paneli camlarēnēn kulla-

nēlmasēnēn, g¿neĸ paneli verimine olan etkilerinin araĸtērēlmasē hedeflenmiĸ ve 

bu hedef doĵrultusunda bir deney d¿zeneĵi kurulmuĸtur. Kurulan deney d¿ze-

neĵi tanētēlmēĸtēr. Son olarak farklē panellerden ºl­¿len ­ēkēĸ g¿­leri sunulmuĸ-

tur.     

Anahtar Kelimeler:  G¿neĸ Panelleri, G¿neĸ H¿creleri, G¿neĸ Paneli 

Camlarē  

 

An Experimental Setup for Investigation of Performance Effects  

of Different Solar Panel Glasses 

 

ABSTRACT: To increase of the solar panels' efficiency can be possible 

by engineering designs and developing new and innovative materials. A solar 

panel is composed of solar cells, encapsulants (the solar cells are located be-

tween the materials), junction box, insulating pad, anodized aluminum frame 

and glasses having high light transmission capability. To ensure maximum ef-

ficiency from the solar panel, it is necessary to use of quality materials at the 

completeness of these layers. In the use of these materials, the amount of light 
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entering to the panel need to be maximized. On the other hand, its reflection 

needs to be minimized, besides. On the other side, the temperature adversely 

affects the efficiency of the solar cells. Thus, corresponding wavelengths of 

solar energy to maximize the light is necessary beside, filtering the correspond-

ing wavelengths to the heat. In this paper it is intended to demonstrate an ex-

perimental setup to explore the impacts of different glasses on the solar panel 

efficiency.  Finally the output powers measured from different panels having 

different glasses measured from the experimental setup are presented. 

Keywords: Pv Modules, Solar Cells, Glasses of Pv Modules  

 

 

1. GĶRĶķ 

Rezervleri hēzla t¿kenmekte olan yenilenemeyen enerji kaynaklarē yery¿z¿n¿ 

hēzlē bir ĸekilde kirletmekte ve k¿resel ēsēnmaya neden olmaktadēr. Yenilenebilir 

enerji kaynaklarē pop¿ler olmaya baĸlasa da; ¿retim maliyetlerinin y¿ksek, verimle-

rinin d¿ĸ¿k olmasē sebebiyle hak ettiĵi ilgiyi gºrememektedir. Alternatif enerji sis-

temlerinin daha fazla kullanēlabilmesi i­in, sahadaki verimlerini artērmak amacēyla 

yapēlan ­alēĸmalar ¿retim aĸamasēnda baĸlamaktadēr. Bu ­alēĸmalardan bir tanesi de 

g¿neĸ panelini ­evresel etmenlerden koruyan panel camēnēn i­erisine giren ēĸēk mik-

tarēnēn maksimize edilmesi ve i­eriye giren ēĸēĵēn dēĸarēya yansēmasēnēn ºn¿ne ge­il-

mesidir. Panel camēna yansēmayē engelleyen bir kaplama yapēlarak ­ēkēĸ g¿c¿ 

%5,6ôlēk bir oranda artērēlmēĸtēr (Jalaly vd., 2019). Yansēmayē engellemek amacēyla 

g¿ve gºzl¿ olarak tasarlanan baĸka bir g¿neĸ paneli koruyucu camēnda fotovoltaik 

ge­irgenliĵin % 95ôe kadar arttēĵē gºr¿lm¿ĸt¿r (Huh vd., 2017). Diĵer bir ­alēĸmada, 

yansēmayē ºnleyerek ēĸēk ge­irgenliĵinin maksimumda tutulmasēnē hedefleyen anti 

reflektif (AR) kaplamalardaki basit daldērma yºntemindeki molar oranē incelenerek 

sistem verimi artērēlmēĸtēr (Huang vd., 2017). ¢ēkēĸ g¿c¿n¿ d¿ĸ¿ren bir baĸka etmen 

de cam y¿zeyindeki p¿r¿zl¿l¿kt¿r. Bu anlamda Sēcak Filament Kimyasal Buhar Bi-

riktirme (HFCVD) yºntemiyle nano-g¿m¿ĸ tabaka ile kaplanmēĸ bir g¿neĸ paneli 

camē kullanēldēĵēnda, panel camēnēn fotovoltaik ge­irgenliĵinin y¿zde 90ôa varabil-

diĵi tespit edilmiĸtir (Sim»es ve Neto 2015). 

¦retim aĸamasēnda verimliliĵin artērēlabilmesi amacēyla bir takēm ­alēĸmalar 

yapēlsa da; bu sistemlerin sahada montajlarē esnasēndaki verim kayēplarēnēn azaltēl-

masē da gerekmektedir. Bu kayēplarēn baĸēnda sēcaklēk etkisi gelmektedir. Dēĸ hava 

sēcaklēĵēnēn her 1 ÁC artēĸēnda  g¿neĸ paneli ­ēkēĸ g¿c¿n¿n %0.5-%0.7 oranēnda azal-

dēĵē tespit edilmiĸtir (Daher vd., 2018, Suresh vd., 2018). Panel sēcaklēĵē arttēk­a ­ēkēĸ 

g¿c¿ d¿ĸmekte, sistem performansē olumsuz etkilenmektedir. Bu etkinin azaltēlabil-

mesi i­in ºncelikle panel a­ēsē ayarlanmalē, doĵal havalandērma yapēlarak sēcaklēĵēn 
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d¿ĸ¿r¿lmesi hedeflenmelidir. 30 derece a­ēda doĵal havalandērma yapēlan bir pa-

nelde daha iyi performans elde edilmiĸtir (Charfi vd., 2018).  Sēcaklēk etkisinin azal-

tēlmasē i­in ayrēca g¿neĸ paneline soĵutma yapēlmasē da gerekmektedir (Thorat vd., 

2017). G¿neĸ panel verimliliklerinin soĵutulmuĸ sistem koĸullarēnda %47 oranēnda 

arttēĵē belirlenmiĸtir (Peng vd., 2017). PV panelllerin alt kēsēmlarēna konan al¿min-

yum malzeme ile sēcaklēk etkisi azaltēlabilmektedir (Pang vd., 2019). Bunun yanē sēra 

panel y¿zeyinde ince film i­erisinde su dolaĸtērēlarak y¿zey sēcaklēĵē d¿ĸ¿r¿lmekte 

ve ­ēkēĸ g¿c¿ artērēlmaktadēr (Schiro vd., 2017). Bu ­alēĸmada ise Afyon Kocatepe 

¦niversitesi G¿neĸ ve R¿zgar Enerjisi Uygulama ve Araĸtērma Merkezi b¿nyesinde 

bir sistem tesis edilmiĸtir. Tesis edilen d¿zenek ¿zerinde kullanēlan g¿neĸ panellerin-

den birinin camē ēĸēk ge­irgenliĵi farklē olan cam tipleriyle deĵiĸtirilerek ve sisteme 

entegre edilerek deĵiĸik karakteristikteki camlarēn sistem verimi ¿zerindeki etkileri 

araĸtērēlmēĸtēr. 

 

2. MATERYAL -Y¥NTEM 

¢alēĸma Afyon Kocatepe ¦niversitesi G¿neĸ ve R¿zgar Enerjisi Uygulama ve 

Araĸtērma Merkezi b¿nyesinde y¿r¿t¿lm¿ĸt¿r. ¥ncelikle bu merkez ĸºyle bir deney 

d¿zeneĵi kurulmuĸtur. Sistemde 60 W monokristal g¿neĸ paneli, i­erisinde PLC bu-

lunan bir DC panosuna veri gºndermektedir. DC panosundan haberleĸme kablosu 

vasētasē ile bu veriler araĸtērma merkezindeki bilgisayara gelmekte ve diĵer bir ara 

y¿z programē vasētasē ile de okunmaktadēr. ķekil 1ôde ara y¿z gºr¿nt¿s¿, tablo 1ôde 

anlēk verileri tablo haline getirilen verilen labview tabanlē GES programē 20 farklē 

porttan veri okuyabilmektedir. Bu da 6 g¿neĸ panelinin akēm, gerilim, y¿zey sēcaklēĵē 

ve i­-dēĸ ortam sēcaklēklarēnēn okunabilmesi anlamē taĸēmaktadēr. Deney d¿zene-

ĵinde 2 farklē panelin karĸēlaĸtērmasē yapēlarak dēĸ sēcaklēk ºl­¿leceĵinden PLC de 7 

port kullanēlmēĸtēr. Karēĸēklēk olmamasē i­in de b¿t¿n deĵerler i­in 5 ve 6. portlar 

se­ilmiĸtir. Boĸ u­lar a­ēk devre olduĵundan 600 olarak okunmaktadēr. Ayrēca panel 

konstr¿ks¿yonu ¿zerine bir piranometre yerleĸtirilerek dataloggerôa veri kaydetmesi 

saĵlanmēĸtēr. Sistemin kurulurken; 

1. ¥ncelikle panellerin y¿zey temizliĵi yapēlmēĸtēr. 

2. Panelin sadece a­ēk devre gerilimini gºstermemesi i­in ucuna y¿k baĵlan-

mēĸtēr. (10R-50W Al¿minyum diren­) 

3. PLC giriĸ portlarē tespit edilerek hangi u­lardan veri alēnacaĵē belirlenmiĸ-

tir. 

4. Veri kaybēnē ºnlemek i­in DC panosuna 650 VA UPS baĵlanmēĸtēr. 

5. Panel y¿zeylerine ve dēĸ ortama boĸta duran Pt-100 sēcaklēk sensºrleri yer-

leĸtirilmiĸtir. 
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6. Sēcaklēk sensºrlerinin PLC baĵlantēsē yapēlmēĸtēr. 

7. Dataloggerôēn GES sistemi ile senkronize veri kaydedebilmesi i­in daki-

kada bir veri gºnderecek ĸekilde ayar yapēlmēĸtēr. 

8. Dataloggerôēn sēnērlē hafēzasē nedeniyle belirli periyotlarla veriler kaydedil-

miĸtir. 

 

Tablo 1:GES programēna PLC portlarēndan gelen veriler tablosu(anlēk deĵer-

ler) 

PORT(P) AKIM(A)  GERĶLĶM(V) 
Y¦ZEY  

SICAKLIĴI(C0) 

DIķ 

SICAKLIK(C 0) 

Port1(P1) 600 600 600 

Port7(P7) 

43,7 

Port2(P2) 600 600 600 

Port3(P3) 600 600 600 

Port4(P4) 600 600 600 

Port5(P5) 1,5 9,7 67,6 

Port6(P6) 2,3 15,5 60,1 

 

 

ķekil 2:Deney D¿zeneĵi Solidworks ¢izimi 
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ķekil 2 de deney d¿zeneĵi Solidworks programēnda 3 boyutlu olarak ­izilmiĸ-

tir. ķekilde ki PC ekranēnda GES sistemi ara y¿z programē ekran gºr¿nt¿s¿ kullanēl-

mēĸtēr. 

 

 

ķekil 3:Deney D¿zeneĵi Ger­ek Resmi 

 

3. BULGULAR VE TARTIķMA 

ķekil 3ôte verilen deney d¿zeneĵinde buzlu cam test edilmiĸtir. Test sonucunda 

ºl­¿lerek tablo 1ôde verilen akēm ve gerilim deĵerlerinin ­arpēmēnda ĸekil 4ôteki g¿­ 

grafiĵi elde edilmiĸtir. 

 

ķekil 4: Buzlu cam g¿­ karĸēlaĸtērma grafiĵi 
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Ayrēca tablo 1ôde verilen y¿zey sēcaklēk deĵerleri ĸekil 5ôte ­izdirilmiĸtir. 

 

ķekil 5: Buzlu cam y¿zey sēcaklēĵē karĸēlaĸtērma grafiĵi 

 

4. SONU¢ 

Bu ­alēĸmada Afyon Kocatepe ¦niversitesi G¿neĸ ve R¿zgar Enerjisi Uygu-

lama ve Araĸtērma Merkezi b¿nyesinde bir deney d¿zeneĵi tesis edilmiĸtir. Tesis edi-

len d¿zenekte g¿neĸ paneli camlarē ¿zerine yerleĸtirilen Pt-100 sēcaklēk sensºrleri 

sayesinde paneller ¿zerindeki y¿zey sēcaklēk deĵerleri kaydedilmiĸtir. Diĵer taraftan 

panel ­ēkēĸlarēna baĵlanan bir y¿k ¿zerinden akēm ve panel ­ēkēĸ gerilimleri ºl­¿le-

rek, panellerin ­ēkēĸ g¿c¿ hesaplanmēĸtēr. 357 farklē dakikada ºl­¿len verilerin orta-

lama veya toplam deĵerleri karĸēlaĸtērēldēĵēnda; demir oranē fazla ve buna baĵlē ēĸēk 

ge­irgenliĵi az olan, yansēmayē ºnleyen herhangi bir kaplama i­ermeyen buzlu camēn 

y¿zey sēcaklēĵēnēn normal g¿neĸ paneli camēna gºre %24,86 daha fazla olduĵu gº-

r¿lm¿ĸt¿r.  Ayrēca buzlu camēn g¿­ ­ēkēĸēnēn normal g¿neĸ paneli camēna gºre % 

22,92 daha az olduĵu belirlenmiĸtir.  

Bu verilerden yola ­ēkēlarak ­ēkēĸ g¿c¿ne etki eden panel y¿zey sēcaklēklarēnēn, 

ortam sēcaklēĵēnēn ve basēn­, nem gibi diĵer meteorolojik deĵiĸkenlerin kullanēlacaĵē 

yapay sinir aĵlarē oluĸturularak birbirinden farklē tahmin modellerinin denenmesi, bu 

modellere gºre de hangi camdan en iyi g¿­ ­ēkēĸēnēn alēnabileceĵi ileride yapēlabile-

cek ­alēĸmalar olarak deĵerlendirilmiĸtir.   
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¥ZET: Y¿ksek gerilim g¿­ sistemlerinde yalētēm hatalarēnēn b¿y¿k ­o-

ĵunluĵu kēsmi boĸalma kaynaklē meydana gelmektedir. Kēsmi boĸalmalar, ya-

lētkan ¿zerindeki elektrik alanēn d¿zg¿n daĵēlēmēnē bozan bir noktada (boĸluk 

veya yapēsal bir bozukluk) k¿­¿k elektriksel boĸalmalar olarak gºzlenmekte-

dir. Havai iletim hatlarēnda korona adē verilen kēsmi boĸalmalar, ºl­¿ld¿ĵ¿ 

malzemenin tipine gºre akustik yºntemlerle, topraĵa akētēlan s¿reksiz gerilim-

lerin ºl­¿lmesiyle ve de akēm trafolarēyla ºl­¿lebilmektedir. Bu ­alēĸmada, orta 

ve y¿ksek gerilim elektrik daĵētēm sistemlerinde yaygēn olarak kullanēlan bir 

kablo t¿r¿ olan XLPE (­apraz baĵlē polietilen) kablo ¿zerinde, kēsmi boĸalma 

tespiti ve sinyal ºl­¿m¿ ger­ekleĸtirilmiĸtir. Kablo ºncelikle y¿ksek gerilim 

testine hazēr hale getirilmiĸ, ardēndan laboratuvar ortamēnda ­eĸitli y¿ksek ge-

rilimler altēnda yapay olarak oluĸturulan bozukluk sayesinde kēsmi boĸalma 

sinyalleri elde edilmiĸ ve ºl­¿lm¿ĸt¿r. ¥l­¿len analog kēsmi boĸalma sinyal-

leri, zamana baĵlē ayrēk zamanlē sayēsal verilere dºn¿ĸt¿r¿lerek bilgisayar or-

tamēna kaydedilmiĸtir. Kaydedilen verilere ait ­eĸitli istatistiksel veriler sunul-

muĸtur. Kablo ¿zerinde yapay olarak oluĸturulan arēza, elektrik daĵētēm sektº-

r¿nde ­alēĸan teknik personelin en sēk karĸēlaĸtēĵē arēza t¿rlerinden se­ilmiĸtir 

ve ­ºz¿m ºnerileri tartēĸēlmēĸtēr. 

Anahtar Kelimeler: Kēsmi boĸalma, XLPE Kablo, Y¿ksek Gerilim 

 

Experimental Detection of Partial Discharge in  

High Voltage Cables 

 

ABSTRACT: In high voltage power systems, the majority of insulation 

errors occur due to partial discharge. Partial discharges are observed as small 

electrical discharges at a point (gap or structural failure) that disrupts the uni-

form distribution of the electric field on the insulator. Partial discharges called 

corona in overhead transmission lines can be measured by acoustic methods, 

measurement of discontinuous voltages flowing to earth and current transform-

ers according to the type of material measured. In this study, partial discharge 




