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AZ EJKMLK A¢l K KANAL AKI MI NI'N RANS
BOYUTLU SAYIlI SAL ANALKZK

Alaattin SEVEN

Harran | niversitesi
Veysel G| M| kK
Harran | niversitesi
Ojuz KkKKMkEK
Harran | niversitesi
¥ZET:Bu -al ékmada az efjimli kritik alteé a-=@ekKk
model |l emesi, Reynolds ortal amal & Navier Stokes:c
|l arak sonlu hacimler y°ntemine dayaleé -°z¢;m vy
ramé yardéméyla yapélema@wet ark.é m@gay éhsaalekrmadenli|l d mn

eden temel d e n k| enoimalization Grup® (RNGIn Kayndae Re
Geril mesi TakéneémeSST) 8Reyaalds Gerilmadesimo- Tr anspor t
delleri (Reynolds Stress ModBISM), su hava arakesitinin belirlenmesinde ise

Aklean Haci mler. Yont emi (Vol ume of FIlL ui
(1994) taraféendan yapélan -al ékmada dene
fille , farkl é t¢grbeglans model l er i kul |
e karwelartewvel mawteasaral DbDez profillerini
niceliksel kriter olarak ortal ama kar es:
hata (OMGH) dejerl eri tercih edil mik
€ a-ek kanalle aSkseTmér,arb ¢d aaynéss arlo dned d enli 1
da kullanélan dijer t¢grbeglans model
enmi Kt ir. Deneysel ve sayéesal Séneéi

K u

5 0~
()

< O
(o]}

| 1
| a

p—

Anahtar Kelimeler: E] i ml i a-é&k kanal ,aci®ayésal model ,
leri y°ntemi, Hez profili, Sénér Tabakasé

Two-Dimensional Numerical Analysis of Mild-Slope
Open Channel Flow with RANS

ABSTRACT: In this study, numerical modeling of the lshope
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. R@ormalization Group (RNG), Shear Ssegansport (SST) and



Alaattin SEVENi Vey s el 1GOJM{zZ« k KMk EK

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 weter r i nt er secti on. Ardé-| éojlu
his stug, 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 quantitatieriteria. Experimental and numerical velocity
profiles obtained from different sections made according to these criteria are
compared. As a result, SST turbulence model is fourxk tmore successful
in numerical modeling of subcritical open channel cient than other turbu-
lence models used.

Keywords: Mild-Slope Open Channel, numerical Mod€blume of
Fluid, Velocity profile, Boundary Layer

1. GKRKK
A-ék kanal akémlaré hidrolik m¢ghendi sl i]i
Kel aBara&kjelmrtdan, dgeegya g°l etl erden sul a
a inka edilen a-éek kanall arén akém he
A-ék kanall arén ejimler:i ol duk-a d¢kK
en y°ndeanén cdha,z dsa¢ ratkgmame nkéany &p | ar énén
bir-ok avantajé b¢gnyesinde baréndér maktader .
i htiyacéeé ol dujunda daha fazla debinin kol ay
akemlareée bir-ok -alérkrmbyaeamkoolbmastena baj marké
macélar taraféendan bazeée akém °zelliklerinin

Sonlu haciml eryaypPentetnki lidkei mikneem sahi p akéeéer
model |l enmesi , bil gisayar teknaaklolarakl er i nde me
d¢nyada daha sék kullanél maya bakl anméxkt ér (
2015, ki mkek ve ark. 2016, Soydan ve ark. 2
-alekxmal ar genellikle farkle yapé akéem et kil
lansmodel i nin belirl enmes:i iczerine ol makt a, ay
Sim¢glasyon (LES) ve Dehacthed Eddy Sim¢glasyo
d¢ke¢k ol masée sebebiyle RANS denkl eml er i mo d e
dér . ki mkelsEntla7) dodluskemak k¢t kanal @ sonur
yapé ¢zerinden ge-en akéemén deneysel ve sayé
-9z¢smde terbel ansén Uaif &mibarmatizRt®EGralm , St andar
kU ( RNG), HRe a|RKaganbal eg ekr i | m@Slsear Stiess KM@nmse mé
port), Modified k¥ ( MKW) ve Reynolds Geril mel eri Mo d e |

14



Az Ejimli A-ékANSdneal|lKKAk éBoéynuétn uR Sayéeésal Anali zi

detRSM) kul l anmék ve -al ékma sonucunda, serbe:
teristiklerinin belirlenmedelndéeaR8K medéelrien
tir. G¢gmgk ve ark. (2014), -aléexkmalarénda ka
Ssé-ramanén model |l emesi i -in farkleé t¢grbel ans
Serbest su y¢é¢zenegn belirlenmesi afleydPEesghnt e
dan bajémsezl éjéné belirlemek i-in ise GCI vy
cunda kayar kapak sonrasé meydana gelen baté
RSM modelinin en bakarélé model ol duju belir

Bu -al ékmadar, aazekejkiammlail bmodel i nde Ardé-1 e
dan el de edilen deneysel héz profilleri, son
ent programée ile farklé t¢grbeglans modell er i |
Serbest su y¢z¢ keerk kbaenl iHralce mrheesii n dve® nA e mi ( Vol
VOF) y°nt emi , te¢rbel ansén model |l enmesi nde [
RANS denkl eml erini -%zen RNG, SST ve RSM t¢r
bu te¢grbegl ans model | er i kwill a ra ndéel naer yaske | e | sdoen ue-dli ¢

karkél akt ér él mékt ér .

2. MATERYAL VE Y¥NTEM

2. 1. Deney ¥zellikleri

Deneyler, Ardée-1léojlu (1994) taraféndan ¢L
di sl ifji Hi dr olkielkdl@ grat,bear and&k kanal mo d e |
p € |tneérk. Deneyl erin yapeéel déjeée kanal én yan duve
tir. Di kd°rtgen kesitli a-ék kanal model i nin
kanal ve depo araseéndaki sirk¢glasyonu santri

far kldaurdued kedrog mdid t usundaki hez bil exkeni (u)
anenometresiyle (LDA) x20166, {40019, 2.40r2.90,Ka n a | boy
3.40, 3.90, 4 . 40, 4. 90 ve 5.40 m kesitlerind

yésal model | emede, Ardée-1 éeojlu(1994) tarafén
fazla su derinlijine sahipduwrkiemu dauraimu %adll -a
likler Ta bldoe 1véer i | mi kKt i r.

Tabloda bulunan S a-ék kanal én ejimini, C
a-ék kanal én geni k!l ijini ve Fr ise kanal gir

mektedir. [DenkkmB d e K agysgaspliammakt adér .

1)

é”<
o0
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BuradaVkesit or gyera-mak ihriz @i, eedin, i J i ni t emsi
mektedir.

T

Kanal Modeli
O7’5m| 7m
0.30m |
Kanal Ust Gortntisi Kanal Kesiti
kekliAl- ek kanal model i (Ardé-leojlu, 1
Tablol: Akém °zel |l ikl eri
S Q (I/s) h (mm) b (mm) Fr
0.0005 19.5 200 300 0.232
2. 2. T e mel Denkl emler ve T¢rbelans Model | oe
Hafif eji mli a-ék kanal akéemé te¢erbelansl| é
tinin -°9z¢l ebil mesi amaceéeyla kullanélacak te

Ortal ama3téo kNeasvi(eRANS) denkl eml eDernkldnm r . Bu denk
2veDenklem® tveer i | mi kKt i r .

& =
O )
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w0
} U, — }i9— _+i' 3
éfgﬁ T 5T ey )
S¢reklili k ve RANS denkalleanmae rhiénzd eb ibl uel kuennal ne
ortalama basénceé, m akékkanén dinamik viskoz

yer-ekiminin sebep ol dujius ek ¢ttelrebséella nksu v(vReetyin,o
gerilmelerini ifade etmektedir.

Te¢rbeglans yanil medyenmaol dBBsougesi nesq yakl akeéemeé

406teki gibi i fade edilir:
. - Ay MU 02
:_....u:t |__.i.._l_
Y iy ;;%XE; M§3J 4

Buradauifeuq ¢r b ¢l ans héz¢shpbanbav@skezOtesi
Kronecker deltadér

(izjﬂijil)i.n T¢e¢rbeglans viskozitesinin sayésal
literat¢rde séklekla kullanéelan RNG (Yakhot

SST (Ment er, 1994) ve RSM (Launder ve ar k.,
mékt er .

2. 3. Akeeckikmalneri Yo°ntemWVOF Vol ume of Fl uid

VOF y°ntemi, birbirine karékmayan i ki veysz«
yézeyin kKeklinin belirl enebHitvedghols,i -i n -°2z¢n
1981 . Bu tez -al é-hmaacakapkaméEndai subelirlene
l anélan bu y°nké&smem¢¢yxaedaertiaambsow ,il e dol u ol
kull anél maktadeéer . Buna g°r e, haci msel dol ul u
hac mi (F) tanémlaneéer. F=1 i-in aj el emaneé t a
O<F<1l i-in aj emamandékéesmhmehi doRyy. oNOF y°nt el
hesaplanmasénda farkI|l é& yakI| akeéml-Rer bul unmak |
constructo yaklakémé kull anél méxkt ér . Bu y°nt
veri |l mi ktir.

17
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[ 1]
Z20

/

V.
-

keliAll el emanl arénén doluluk oranl ar

2.4. Sayeéesal A] Yapeéeseé

Sayeéesal model sonu-larénén ¢zerinde aj yag
del -alékmasé yapanlar tarafeéndakeliill i nmekt e
3dbte verilmiktir. kekilde g°re¢l de] ¢ gibi sayeé
t er Kanal tabanéna yakén b°l gede yani kat e
mék ve bu b°lgede daha hassasTabodgml erin el d
bull%®de bulunan el eman sayélaré verilmiktir.

Akékkan hacimleri y°nteminin su hava ar ake
zénegn ¢zerinde bir b°lge (B°lge 1) oluxkturul

manl ar énén yojunl uj u duavzadré ry.a kB°nyél ebl®il kglees i hnees ¢
yée¢ke azaltéel mékt ér .

o

keBiHesapl ama aj é

18
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Tablo2:Far kl & alt b°l gel erde bulunan aj el ema

Al t B°Il|EIl eman

I . B° || 20x1000
[ Be° || 95x1000
2.5. ¢t°z¢m Bl gesi, Bakl angé- ve Sénér kart
Sayésal model |l emede kull anélanke-°z¢m b°l g
kido6te verilmiktir. ¢°ygs;mobPHgratntakemEnéahto
rak kabul edil mik ve boyutlar bu koordinat s
Karteée olarak -°z¢m b°lgesi tamamen bok kabul
lanm&ktrék. sénérénda suyun bu kesitten girdi]
bakl ange- karté olarak F=1 olarak veril mickt:i
sel héez profilinden el de edilen akém ortalam
jer héwremii (v)ise séefér olarak kabul edi | mi K
tanémlanép yani atmosfere a-ék ol duju belirt
kKénda bulunan kapajén y¢kseklijinin belirtil
del de brnué r-éénkdéak dseén ey s el veril erden el de edil:
tanémlanméxkt ér . Sayeésal model |l eme bu sénéer v
-ékéek séenéréenda dengeye ulakana kadar devam
S¢resi 9 0r Ise mrhiak ake bled is¢r edeki -%z¢mde gioril
l'ilik sajladejé belirlenmiktir.
— Ust Sinir Cikas St
p=0 p=0, F=0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, RO
X m
(;:5?3521; lrrrts =0 m/s F=1 Coziim Bolgesi Cikis su derinligi‘(
keWi¢loz,m bl gesi, sénér «kKkartlaré ve bat

19
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3.
3.

BULGULAR VE TARTI kMALAR
1. Deneysel ve Sayésal Heéez

Deneysel ve RNG, SST ve RSM

Profilleri
t¢rbeglans mod

sayeésal héz profillerinin karkélakteéreéel maseé
JjerTablodte veril miktir. Tabloda bulunan dejer
bulunan rédkdmhar mbgel i nin bakar é séral amaseéer
el e aléenan kesitlerde el de edilen en d¢ke¢gk O]
en iyi tahminde bulunan tg¢grbeéegl ans model i koy
kesitin 96umsdamadSdSell it ¢d ebn,d yas e | verilere en yak
sadece=3. 4 m kesitinde RSM t¢igrbeglans model i en
nan t¢m kesitlerde, SST model i kull anél ar ak
m kesitinde, en bmyke&sidteijredd eel des ee ki=I3midk t i r
satérénda farkleée t¢grbeglans model |l eri kull ané
OMGH dejerlerinin ortalamasé verilmicktir. 10
son satérda verilendijrnd®&ut depbekraes model |l e
ralamasenén SST, RSM ve RNG keklinde oluxktuj
delinin sénér t ablkadsiénear ybatkléghe Irbéildgeeldees ekn &

dayal é -°z¢;¢m yapmaséndaak daonhalyrma khtiabdért. bRNG
RSM te¢rbeglans modell erinin geliktiren arackt ¢
i kinci/l akemlaréen mevcut ol duju akemlarda b

-alekmaya konu olan hafif ejémliabhakbaskaawnt
réel masée veya ikincil akémlarén olukumu s°z Kk
delin bu -alékmada bakarél é& ol mamasé nor mal
Tablo 3: Farkl é te¢rbeglans modell erine ait OKH
RNG SST RSM
x (m)
OKH (cm¥s?) |OMGH (%) | OKH (cm%s) |OMGH (%) |OKH (cm%s?)|OMGH (%)

0.6 3.28% 773 1.66Y 5.29Y 2.702 5.94(2

1.4 4.08% 9.27 1.049 3.591 2.002 4.392

1.9 3.289 8.3593 0.610) 2.90Y 1.48? 4.412

2.4 1.97® 6.08% 0.71® 3.390 1.202 5.612

2.9 3.599 8.58% 1.110 4,189 1.68? 4,729
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3.4 7.34% 13.18% 6.342 10.68% 1.46Y 10.329
3.9 2.07 6.16% 1.039 3.94Y 6.33 4.63%
4.4 1.339 4.292 0.69Y 2.519 1.31® 5.099
4.9 1.10% 3.762 0.70Y 2.58Y 1.579 5.65%
54 1.01® 3.7 0.86Y 3.65Y 1.889 7.50
Ort. 2.90% 7.119 1.47 4,269 2.182 5.832

keki] Aobde-leojlu (1994) taraféndan deney:
Il er i il e RNG, SST ve RSM t¢rbeglans model |
inin grafiksel karkélakteéerél masé veril mik
aktar almks &ad al bakl angecéndan kanal sonu
l en héz profilleri kul |l anél xx60kcin é r . Kanal
itinde el de edilen héez profilinden, kanal
hez profillerinin araseéndaki uyumun su Yy
¢ | mexl40e190, 240, 290, 340, 390 ve 440 cm kesitlerinde elde edilen
eysel ve sayésal hez profillerinin kar«kEel
b&l géeOd ecm kesitinin aksine kanal tabanén:
SuU y¢zeéene dojru gittik-e hez profiller
K. Sayésal model |l emede kull anélan akeée
profilinin bir fonksk60cmkesid ar ak t a
kanal tabanéna yakeén b°l|l gexd6® uyumun
iétnidnai k ad&awn kesitl erde ise kanal taban
erine kéeyasla sayésal héz dejerlerinin
I model | emel erde s r tabakasénén gel
eritmedeabmakmar € s é z uju go°r ¢l mektedir
l erinin araséndaki farkén sayésal mo d e
eteri kadar hassas ol mamasé ve duvar vy
€ fonksiwmesunohatakcdpkedi!| mektedir. Sa
nél an RNG, SST ve RSM modell erinin 10 f
n
e

cm M o m
55 ——/ 5 355 —w —— = —
c

=]

O X Qo

S
I a
a én
I ol
I

- D M

&
he
e
e
r
S
r
[
y e
n
a
é

da bariz farkl éléeklarén bulunmadeéej] é ge
dil diji g°r ¢l mektedir.

OO X< STaOwWaOo~*—-TaxaoQ®mx0®x — =
TS CODMT OO DI O S DO
O — xS0

o »w — M
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0,25 — 0,25
a) x=60 cm b) x=140 cm
0,20 4 e f 0,204 -
o]
o
0151 o 0151 s
S o e o
~— o ~— o
> o >
0,10 1 o 0,10 1
o
o
o
0,05 A 0,05 1
0,00 .__,ni,_
0 02 04 06 0 02 04 06
u (m/s) u (m/s)
0,25 0,25
c) x=190 cm d) x=240 cm
0.20 e 8 020 iy &
o| o.
o o
o o
0,15 - ° 0,15 1 °
e 0 e o
N— d N—’ [
> [e > 9
0,10 q 0,10 - q
0,05 P 0,05 -
J,—
0,00 - 0,00
0 02 04 06 0 05
u (m/s)
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0,25 0,25
e)x=290 cm f) x=340 cm
0,20 o e B 0,207
F
015 g 0,15
E E
> >
0,10 1 0,10 4
0,05 1 0,05
0,00 0,00
0 0,5 0 0,5
u (m/s) u (m/s)
0,25 0,25
g) Xx=390 cm h) x=440 cm
0,20 {7 - 0,204
— . s == SST 5 — . s == SST %é
g a
0,15 - q 0,15 1
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0,25 0,25 17—
& ¥=490 cm j) x=540 cm
Qm_:m:§ 0,204 e
0,15 _ 0151
B E
0,10 0,10
0,05 - % 0,05 1
o
(o]
0,00
05 0 0,5
u (m/s) u (m/s)

kekii | Deneysel ve sayésal hez profiller

3. 2. Deneysel ve Sayésal Sénér Tabakasé Ki:

Deneysel ve farkleé t¢grbeéeglans model | eri k u
sénér tabakaseé kaléenléjenén kanal boyunca de
sayésal sénéer tabakasénén kaleéenl éje, akéem or
diij su derinlifji olarak belirlenmicktir. Deney
dejerleri Tablo 46te verilmiktir. Deneysel 0
nén 0.01 ménin alténda ol duju, salp e s al Séneéer
m aral éjénda ol duju g°r ¢l mektedir. Deneysel
birbiri ile uyumsuz ol duju ve kanal sonuna d
néen arttéeje ifade edilebilir. Slermier t abakaseé
katée sénéréna yakén b°lgedeki uyumsuzluk ile
t¢e¢rbel ans model l eriyle el de ediSBlerp,rsénér tab
b¢l ans modelinin bu modellere kéyasla deneys
duju g°r ¢l mektedir.

Sayeésal model |l emede kull anélan hesapl ama
b°l gede daha hassas olukturul masé ve duvar 'y
l erin kullanél masé deneysel verilagrre daha ya
|l ayacajée d¢kegnegl mektedir.
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0,08 -
0,06 - g =
A»-I“"'"g_- ................
e e ——DENEY
@’04 -‘w.‘, = ' .......................... SST
~—r P— s.‘.—sa‘“ﬂ—ﬂ‘\.. RSM
= - -
0,02 -
0 T T T T T 1
0 1 2 X (i?.n) 4 5 6
kekiDeneysel ve sayésal sénéer tabakase
Tablo4&:Deneysel ve sayeésal sénér tabakaseée kal
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 [0.006800.00800 |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 [0.06 161
RSM 0.028280.03320|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. SONUC¢LAR

Bu -al ékmada, hafif ej i mli kritik alteée a- ¢
farklée te¢grbeglans model |l eri kull anél arak yap:¢
sonlu hacimler y°nteminden, SuU yeé¢ze¢e profilin
I er i yémtear adl anél méxkt ér . T¢e¢rbelans model | e
et medeki bakaréséené belirlemek amacéyla orta
g°rece hata dejerleri kull anéel mékteéer . Deneys
rél maséndcdme enodrdkar SST t¢¢rbeéegl ans model i ol o
b¢el ans model i ni RSM ve RNG tg¢grbeglans model | e
mi Kt ir. Deneysel ve sayésal hez profillerini
yézeye yakéni bfegedenhbezrpiof il e uyumunun s
g°re daha az ol duju g°r¢é¢l megkt ér . Deneysel vV e

kasé kaléenléjenén kateé sénéra yakéen b°l gede
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birbiriyle uymmetuzrol &afé g&nglra yakén b°l ge
n

manl|l arénén olukturul masénén bu problemin -°z
dir.
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¥ZET:angén, yapélar ¢zerinde deprem kadar ¢
bir afettir. Yapél arda <ci ddi yangén hasarl ar e
kiyebdeki milyonlarca yapé stoku d¢gkegnegl ¢nce
yell ék ortalama magéi khggepanddphambpgyyatatrtt el
sel do°n¢kegm i le Tegrkiyedbde sayésé hezla artan
yangéneén etkisi incel enmelidir; -¢nk¢g bu bina
nekl e yapélsa da bu konutl|l aréngémdg u depremin &
dayanekl e dejildir. Bu y¢zden, géhemegzde yang
donanéeml é& yangén m¢ghendislerine olan ihtiya-
danékmanl|l arénén -oJu teorik altyapeéeda yetersi
sajlayacak tekewyédrr ¢mevemaal esef Tg¢rkiyebdeki
kurumlaréenda yangén m¢ghendi sl iji szerine veri
azdeér Yangén bil i mi, ésé transferi, yapé ana
farkl é& arakteéerma al anéméehemidri sdrnfddai byl uma&k@aradn
m¢hendi sl iji l' i sans ejitiminde son séneéef ve vy
mesi ©°nerilmektedir. Bu -aléexkxmada, farkI|l & ar atk
toplayan bilgisayar destekl i maktédré.em uygul amal
Kapsamlée bir yangén m¢ghendi sl iJi analiz rapor 1
rencilere verebilmek hedeflenmektedir.

Anahtar kelimeler: Yapésal yangén, yangén m¢ghendi sl i]j

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 structureeintories 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. Strastures
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 norexistent in curriculum of Turkish universities. The mdligciplinary
fire engineering cowe, 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 u# multidisciplinary 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 performandsased engineering.

Keywords: Structural fie, 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 desf@n 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 rdig@iplinary field which
has three main pillars; fire science, heahdgfar 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 (timemperature curvepstimating 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 FiglirgSelamet, 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 redlife case studies and learn how to write fatrategy reports.
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uGeometry )
uFireLoad

ofireCharacter )

uBuilding layout )
oEXit strategy
uHuman behavior )

uSectionProfile h
wlhermalProperties
uHeatTransferMode )

uSectionProfile )
\ uGravityl oad
JUS uStructuralFireResistance )

Resistang

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, carbdioxide, water vapor angaction products based on the
burning material. The simplest form of the complete combustion reaction is given in
Equati onotheo Herthe Aipoi sonouy-s.itrogeasxless such as C

060 Q@ OQwdOL oL O U aDi Q)
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 tfdd 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 sges 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-sedftained fire. Fire starts to spread
through other flammablebjects 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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60C°C flashover occurs. Flashover causes every flammable material in the room to
burn simultaneously, which leattsan 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.

Incipient Growth Burning Decay
o
L.
S Pre-flakhover fire
o
3 .
Q hover fire
g
2
1. —.
Ignition Flashover Time

Figure 8:Fire Curve (Selamet, CE549Lecture Notes)

Figure 9: (a) Preflashover, (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 0 ). Energy released by a combustible material is found by Equatidnéhp-
resents the mass of the material i@ represents the energy released per kg
burned. Equation 3 is used to calculate fire load per area.

0 0YO 0o (2)
n 96 09a 3

2.2.1. Heat Release Rat&))

Heat release rat®j in Watts (MJ/s) characterizes the fire growth and duration
of the fire. The area under a heat release rate curve over the durationtptiifmés
the energy contengj 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 theQotlalis essentiato
know as the heat release rate is the single most important variable in determining fire
hazard (Babrauskas and Peacock, 199227%%5. Heat release rate is calculated with
Equation 6. Fire growth is assumed to spread radi8iyamet, TBE:26andthere-
fore is proportional to the time squared and cafledite. Herel represents the fire
intensity coefficient (MJA. t>-fires are used to construct gtashover phase of fire.
Eurocode categorizes the fire growth as slow, medium, fast andasdtrdepending
on the material character in the fire compartment as showalite 1 (CEN, 2002)
0 9ol gi (5)
0 |0 (6)

Tablel: Fire Growth Rates of Typical Real Fires

U
Fire Growth ) )
(1x10%) |Typical Material Contents
Rate
MJ/s?
Slow 0.00293|densely packed wood products
. Solid wood furniture such as desks,
Medium 0.0117
individual furniture items with small amount of plastic
Fast 0.0466 |high stacked wood palletsartoons
Ultra-Fast 0.1874 |upholstered furniture, thin wood furniture such as wardrobe
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2.3. Compartment Fires

Unlike an open fire, compartment fires can be ventilationtrolled. 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 radiatioreffects from hot gases accumulated in the ceiling. In order to calculate
the fire timetemperature 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 ass 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 relagdo 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 differental equation is performed at each time step and such numerical procedure
is called AZone Modelingo.

b o as- B 4 Y Y O 0§ (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 calculatthe 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 modeligld-models give thermdynamic and aero
dynamic variables for all discrete points in a fire region (Selamet, CE549 Course
Lecture Notes).

Figure 10: Compartment Fire lllustration (Zone Model)
(Selamet, CE549 Course Lecturetds)
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2.4. Localized (Openrair) Fires

A localized fire is described as an opan 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 fres 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 aspecific flame height. Flame height is calculated with Equation 8 andhére,
represents fire diamete® (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. Theemperature calculations for localized fires can be found in Eurocode 3:
Part 22 (2005).

0 PO T TS (8)

Figure 11 Fire lllustrations: (a) Heskestad Method, (b) Hasemi Method
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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
structuraimembers 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 29 order partial differential equation developed by Fourier. HEtfig, the tem-
peratre,t is time andx, y, zare the space dimensions. Equation 9 is called the tran-
sient heat equation. The structural material properties defigjtyhermal conduc-
tivity (k) and specific heat) 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 temperali(rgy,z,t)

- — — — ©

3.2. Convection

Convection is the heat transfer between t
the surrounding gas (i .e. fire) and it is go
temperature difference causes heat exchbatyeeen fire Tr) and structural material
and heat flow per unit areg/W/m?) is calculated with Equation 10. HehglW/m?K)
is the convective heat transfer coefficient and is generally taken as 2K\WW/m
most of the fire exposed structural elemeftsrocode 3: Part-2, 2005).

n Qv "y
(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 transferrezlagittomag-
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 Equationhkte
the temperature is in Kelvin. Hengjs 5.67x10¢ W/m?K* (Stefani Boltzmann con-
stant) andlis the resultant emissivity. Resultant emissivity is assumed as& for
steel and concrete materials ((Eurocode 3: P&t 2005, Eurocode 2: Part2]
2004).

R oe-, Y Y (11)
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3.4. Lumped Mass Method

Calculating the temperature distribution within the structural memkeenas
Iytically cumbersome and numerically computer extensive. If only the average tem-
perature of the structural member is sought, the calculation can be simplified using
ALumped Mass Methodo, where the structural
which recéves heat per unit timeQ) from fire from its fire exposed surfacAnf).
Equation 12 shown the heat intake of the structural member per area and per unit
ti me (Selamet, TBE: 51). The heat intake cau:
to increase accding to Equation 13. Her#&/is the volume of the structural section,

An is the fire exposed surface and is called the section factofhe temperature

increase @&@T is calculated at each time step
Lumped mas method is more suitable for steel and other highly conductive structural

materials. For concrete material, the crsestional temperature distribution will

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

ficient.

— QY Y =YY (12)

v

Yy —— QY Y -.,Y Y ¥ (13)

T /Q[W] (heat

entering)

i

T (¢)

| |

~__A T Tf

Figure 6: lllustration 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. Thrmal strain depends on the thermal expansion coefficigdt/ Aafd
average temperature incread8Y as in Equation 14. of steel and concrete are
taken as 1.2x101/°C and 1.0x181/°C, respectively.

- ¥y (14)

4.2. Thermal Gradient

Temperature in a structural me mber 6s
uted or noruniformly distributed. Noruniformly distributed temperature has a sig-
nificant effect on the fire performance of a structural member. To account of such
temperature idtribution, thermal gradient concepy, is used. A structural member
can undergo an average temperature incréagehich causes elongati@nd ther-
mal gradientT 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 membes during fire. Figure 7 illustrates a structural column member in a frame
under both axialkg; andksy) and rotationalk(: andk:,) restraints at both ends.

4.3.1. Axial restraint

The thermally induced axial ford@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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AEa DT

= (1+ (EA/ %1 LEA %52)

(15)
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Figure 7: Partially Restrained Column Member (Red) in a Structural System of 3
Storyand 2Bay Frame (Selamet, CE549 Course Lecture Notes)

Simple capacity calculations can be performed to calculate the critical temper-
ature {Y ) of structural members under axial restraint. Critical temperature gives the
failure temperature of the stitucal member. Members are categorized either slender
or stocky and they are assumed to have elastifectly plastic behavior. Slender
members will fail from Eulebuckling while stocky members are expected to reach
full yielding (,, ) of the cross sean. 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. lHetbe buckling coefficient,
which depends on the rotational resttddoundary conditions. Figure 8 illustrates
how T depends on the slenderness ratio 07 @ and degree of axial restraint

ks.
Y — p L (16)
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Y — (17)
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Figure 8:T of slender cross sections with varying degree of axial restraint

A:

4.3.2. Rotational restraint

Thermal gradient causes thermal curvatiuirethe crosssectional deptk 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
bendng does not create any bending moment, it only créla¢esnal (stress free) end
rotation— (Equation 19) For rotationally restrained members however, depending
on the degree of restraints andk,, member end momentd; andM; along the
structural member can be calculated using the kstape deflection method as in
Equation 20, where the member end rotatienand— can be estimated wittather
cumbersome Equation 21.

k:aThot_ aTcoId

d (18)
— - — (19)
M, =2 23, - g M, =257, - 9 (20
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7 T T T

7 7 7 - 7 7 T (21)

Bending capacity of structural members generally depends on the plastic mo-
ment resistanckel, about the plastic neutral axis PNA as shown in Equation 22. Since
each layer in the crosgction (see Figure 9) has a different temperature, the yield
stress is reduced by &ccording to Eurocode 3: Par21(2005). Once, the moment
capacity is estimated, the critical temperature of the membean be found.

Mp :syé A yi,PNA ky,i (22)
Ttop

L[] L[]

:__>____P._N_.A____ /S N

- M, <—

| — @
| | | | | | <— Tbottom

Yield Stress Distribution Temperature Distribution

Figure 9: lllustration of the plastic moment resistanceg)(Falculation of andsec-
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-
tionsin 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 materiabnd 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 untenabléydraulic model (SFPE )

Pre-evacuation

Movement
Per‘iod period RSET =ty +ts+ tp-e + 1t
' \ where

Alarm/ Evacuation Movement t, = Time from fire ignition to detection; that is,

Ignition e Decision begms... the detection phase
Prapare, t, = Time from detection to notification of
M:r:l;hm P’;ff;‘:’;?’ iﬁeﬁ occupants of a fire emergency; that is, the

notification phase

® o o o Time

t,—. = Time from notification (or cue reception)

until evacuation commences; that is, the
K—Y—)\—\(—) pre-evacuation phase
" t. = Time from the start of purposive evacuation
Recognition Response movement until safety is reached; that is, the
phase phase

evacuation phase

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 andheat 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 POLKESTER KOMPOZEk
¢CEKME DAYANI MLARI NI'N KNCELENMESK

Assoc. Prof. Dr. Bayram POYRAZ

D¢zce | niversitesi

¥ ZETSonzamanlardd,i yopol i merl er b¢gyeéek il gi go°r mekt
kullanél an biyopol i mellaehidrd glukoz lnono-i i se sel ¢l oz
mer birimlerinden olukan sel ¢l oz, i flendiri/l
terivyel sel ¢l oz ol mak @agenda3ydlksek agmiebey . l
or anée, esnekli k kabiliyeti ve daha g¢-1¢ tutu
dirilmik sel¢loz (CNF) dijer selg¢loz terlerine
nedenl e, 3 boyutlu yazéceéelardamt el ektroni k fil
nél maktadér. Kompozit end¢strisinde, termoset
kullanélan matris t¢re¢g doymamék poliesterlerd
el de edil mesinden dolayé doymamék poliesterle
l unmakt adée .buBu- anleédkermald a , nanol i fl sel ¢l oz (C
naklardan el de edil mesinin ardéndan, farkl e
kompozitler ¢retilmixktir. Bu ama-la doymaméck
|l arda kar ékt ér el ar ak ediléndkanpozitderinlmelkiaxt i r. Sonr aséeér
ni k °zellikler, Uni versal test cihazé ile inc:

Anahtar Kelimeler: CNF, PE, Tensile Strength

Investigation of Tensile Strength of Nanocellulose Based
Polyester Composites

ABSTRACT: Lately, biopolymers have been attrattauch interest.
One of the most used biopolymers is cellulose. Cellulose, consistidd df
anhydroglucose monomer units, is divided three main types which is fibrillated
cellulose, crystalline cellulose, and bacterial cellulose. Of them, fibrillaled ¢
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 sourcesthe 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%). Afterwardichal,
and mechanical properties were then investigated withRE-Bnd 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 appications.

Keywords: CNF, PE, Tensile Strength

1. GKRKK

Kompozit mal zemel er |, mekani k ve fiziksel
olabil mesinden dolayé g¢negmgzde el ektroni k d
tik end¢strisinden 3 boyutlu yazéecélara kada
hard 2010: 1939; Roeed a h| 2019: 32; Jayamol G, 2004: 147
nélan kompozit te¢erlerinden biri de pol i mer
Rethwisch 2013:626).

Pol i mer matrisl:i kompozitlerin temel bil e
re-inelier dkeonl abyi ri k1 enebi |l mel er i, yé¢ksek yal e
-apraz baj olukturabil mel er. ve ekonomi k ol n
mék poliesterlerdir (Deans ve Schiraldi 201
l'iterat ¢ra-el arejii-kiirk faaar k1l &€ bil eki ml ere sahip
cretil difji g°r ¢l mektedir. Mar kovich - al ékmas
bakl at écésé kullanarak izoftalik bazle UP (d
lerdir. (Marcovich 2009:639) | retilen kompozitin ejilme da
ejil-medgl ¢n¢g ise 3,7 GPa olarak belirl emikl et
oranénda DOP (Dioktil fitalat) karéekteérarak

nin sajlanmasé itéoée @WREKPlAaneead®H2 bakbhnénda |
ilave edil miktir. (1 sa 2013:217) .

Kompozitin -ekme dayanéméne, 40 MPa, el ast
rak bul mukl ardeéer. UP re-inelere takviye mal z
pozit ¢retinmiedirri ger-ekl ek me

Kompozit mal zemel erde mekani k geliktirebi!
dol gu mal zemel eride kullanél maktadeéer . Bu mal
gén kull anél maktader. (Xanthos 2005:1).

Dol gunun tipine bajl é& ollairkakerk o ndpegjziiktt i maill
mektedir. Lifli dolgularla erime viskozitesi
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| éeépta daralma °zelliklerinde ise azalma g°°r ¢
merl erin -evre ile uyumlu oihogankedlze- g°r ¢l megkt
mel er hem de petrol bazl é mal zemelerin kulla
Bu nedenle dojada -°z¢nebilen biyopolimerler

g°rmeye b&r|l amkEkkafit !l anél an biyopada#di merl erden
anhidro glukoz monomer birimlerinden olukan

nano krisal sel ¢l oz ve bakteriyel sel ¢l oz ol
yéc¢ksek en/ boy orané, esnekl ik kabiliyeti ve
laye |iflendirilmik selg¢loz dijer selg¢gloz t g
nedenl e -al é&kmada farkl & oranlarda nano | i f|l
til mi ktir. Sonrasénda ¢retilen kompozitlerin

2. MATERYAL VE METOD

Doymamék poliester re-ine te¢grleri olarak ¢
riji, Pe&R)polkudIdanhél mékt éer Pol i merl ekme i -1
til et il ket on peroksit (MEKP) kiab&per ox ER 5
(Akkobalt RC88) kullanéel méktér. ¢alékmada %l
nélarak numuneler hazérl anméxt éer

Poli merl ekme reaksiyonu, oda sécakl éejénda
Birinci akamada re-inleé rkanywdti izl rk avreé wtaxrl &ad &
tiril mi ktir. Bu ama-1la, ortoftalik re-ineler
l arda CNF ilave edilmik ve 500 rpmbéde 1 dk k
25cm*45cm*4mm ebatl aréndateEéam KRel-a8 mlearkar &xkléd
cam |l evhaya d°k¢l d¢e¢kten sonra, |1 SO 29106e g°or
|l eptan -ékarélan | evha kKeklindeki numunel er
kesim cihazeyla standartlaranemwgumnebeylelard
ger -eklexktirilmiktir. Bu ama-1la %0. 5, 1 ve
hazéerl anmékteér .

3. SONUCLAR VE TARTI k MA

Nanosel ¢l ozun, poliester kompozitlerin -el
l ediJini incelemek amacéyla ger-eklexktirilen
g°stermek amacéyla sel¢loz i-ermeyen (PE) ©°r
PE+0. 5CNFren %AE+1@GNF ve %1.5 i-eren PE+1.5C|
iczere 4 numuneye ait olan -ekme dayanémé so
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kekil 1 . Nanosel ¢l oz bazlée poliester komj
kekil 1 incelendijmpdeiti katt&geez PD] &4 eMP
% 0.5 katkelé olan PE+0,5 CNF i-in bu defjer
ol muktur. %1 oranénda CNF il avel:i PE+1CNF ko
%22 arték g°stererek en y¢ksekFkdmpp-er ol an 39
zitinde ise % 16,3 arteék ile 37,7 MPa ol mukt
Genel ol arak dejerl er incelendijinde CNF
gzl endiiji ger ¢l megkt gr . Kat kel ama oranl ar é i
ilavesinde go°r ¢l ¢r kend,e k%0 .ax tveex | %l . 5 echeejl e ralnd re
rine yakéen dejerlerde ol muktur.
¢tal éekxkmada CNF'nin 3 boyutlu aj yapéseénén |
pattéejeée ve gerilim aktaréméné sajlamasé ned:¢
belirgin birg?PCartéélknmink tgerz.l endi J i
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SK BAZLI REOLKMKYASAL ¥ZELLKKLERKNK

KNCELENMESK

Assoc. Prof. Dr. Bayram POYRAZ
D¢zce | niversitesi

¥ZETPol imitler y¢ksek mekani k ve termal ©°ze|
te¢en °zelliklere sahip olan polimerik mal zemel ¢
mal zemesi ol arak pek -ok end¢stride y kull anél
pek -ok uygul amuad ai Ipov e medil lemé lat e diir . Bunl ar ¢
i kal ar d¢kegk maliyette ¢retime sahip ol duklI al
maktadér. Bu -al ékmada polimidin kimyasal °zel
et ki si arakteér él méxt érer eBikakomepdzélerl e f ar k|l & or ar
insitu y°ntemiyle hazérl anméxtér . Ardéndan Kkin
zéyla belirl enmicktsiifn.i k@alk®knpa zsdnwecumdla Biaz é
sal deji kimler g°zlenmi«xtir.

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 forpigiormance 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 withTIR. It was seen that some shifts were obser-
ved in the Pi/silica composites.-Based Pi revealed minor chemical alteration
over the Pi.

Keywords: Pi, Si, FTIR
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1. GKRKK

Dianhidritler il e diaminlerin reaksiyonun
mekani k ve termal ©°zelliklere sahip polimer:i
|l ayé uzay, otomotiv ve elektronik endg¢gstrisi
|l amal areedyalfétt &@m mal zemesi ol arak sékl ekl a |
Mittal K 1996:52; Bogert MT ve Renshaw RE9081135).

Kompozitlerin mevcut °zelliklerin geliktir
vam et mektedir. Bu n e d e gpumesilika gerlifterokalla-s i y a h &, al
nélarak poliimit polimerlerin °zellikIleri ge
Wu J, 2005:73). Fakat Dbu inorganik dol gul ar
sahip ol malaréndan dol ayééepek Maokk,uy@dulea 58 @&a

Kal éba dayal e, k e nd-jelrveliesni tytler y emxteerml eerrii t gnie
far kl & yirfonganieomgbang hibriekompozitleri elde edilmektediBu y ° n -

t eml er asriatsué npdoal iitmner i zasyonu, uUygsBadabil irl:
dol ayeé dijer y°nt ®emirdy2006:7683n¢ ne ge-mi Ktir

Fakat polimerler ile inorganik dolgu mal z
|l ere sahip ol maséndan dol ayé,(TsayMHmsuz Il uk pr
2011:5238)Bu problemleriP n¢ ne ge- mek i -in farkleée fonksiy
sinde bulundurabil mesinden dolayé organosi |l a
olarakinorganior gani k hi brit kompozit ¢(retiminde k

Bu -alékmada silika balzaréeakpodédantidgz!| enrng an c
sonrasénda kimyasal vyapeéelaré FTIR cihaze ile

2. MATERYAL VE METOD

2. 1. Modi fiye Silika | reti mi

talékmada ©°ncelikle silika hazérl anmékteéer
0.19 M NaOH i -eri s i nSdoenr-a°széinnddag ri¢-lem¢jksti¢gnre 0, 0
raetoksisilan ilave edilerek 1 saat oda séca

pilen kaba aktarélarak 40AC de kuO6ut ul mak i -
g 3-glisidiloksi trimetoksisilan ilave edir e k 15 dk ul trasoni k su bar
térélarak silikanén modifikasyonu sajl anmécxt

2.2. PiSi Polimerlerin Sentezi

El de edilen modifiye silikadan 1 g al énar
sénda 20 ml N, N metilasetamid varl éfjénda 5 ¢
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Si Bazl & Polimitin Kimyasal ¥zelliklerinin K

Ardéndan ise 8 g 3,3',4, 4" oksidiftalik anhi
rekt erél SBomt akamada poliami k asit Screti mi |
ekl enmik ve sonrasénda 1 saat etkilexktiril mi
tallektirilerek, 70 Om boyutlara getirebil me
AC de Rd4usabdmuktur.

Elde edilen numuneler silika i-ermeyen Pi
Pi +10Si ve Pi +158Si olarak isimlendirilmiktir

2.3. Karakterizasyon

tal ékmada ¢retilen Pi bazl & Silikalarén Kk
l exktirmekuaimac éytansgborm I nfrared Spectromet
mékt ér. Bu ama-la numunel ed00060@cmtaml i ne getir
|l eéjend-aczdrgr |l ¢j¢nde 20 tarama ile ger-ekl ek

3. SONUCLAR VE TARTI k MA

Pi-Si inorganik hibri kompozitlere (Pi, Pi+5Si, Pi+10Si ve Pi+15Si) ait FTIR
spektrumlaré kekil 1 de verilmixktir.

Pr—— e

Pi+15Si
%T

3

1
1

1081 !
B SV Ve G - ' 1 1
wr | [Piess \ / K '
- 1
1
1

C-O and Si-O-Si

Mo |+ 1

T I ™ T T T T T T T '| T T T T T T ™ lI T I\ T T T T T |It T TI T lI T T T T T T T T T
3500 3000 2500 2000 1750 1500 1250 1000 750
Wayenumber (cmr')

kekiPli ,12.Pi +5Si , Pi +10Si ve Pi +158Si NUMURNE
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kekil 1 incel éddi p? nDeingR488 memtitreki mle
silika ilavesiyle azaldéjé g°zlenmi«xtir. Bu
gruplarénén kendi aralaréenda yada dijer orga
mektedirKmi de ait ol an €xrOkagiemetd mek tveéere&kmeni sé
cmtvel7l4ciide gor ¢l megkt¢er. Klaveten silika il ave
séna kNayeani |IGnel3@8cntané7dScmide g°r ¢l mekKt &1 .

Poliamik asite ait olan keal®amdel (amid 1)
g%zl enirken, ami d |1 tit'dekigMize rein miesneé K$ p e kt o
durum poliamik asitin polimide do°n¢gkKteejeéeneéeg ¢

Genel olarak yof-ie00Ocwaekial ¢ ehd@8igémel en Si
titrexki mlie€COC asbmégreide ve simetrik geril me
éndan g°r ¢l ememi ktir.

—>

Sonu- ol arak mol ek¢l er anlamda ,absorpsiyo
OH geril mesinin, silika i-erijinin artmaseéeyl
polimdns ent ezl endiN it,i tC=&ivd e€Ci nde mini mal kay
diji-Ose Siitre@i miererni ml €r i ile -akektéeje g°
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ROBOTKK ¢OK KATLI OTOPARKLARDA

KULLANILAN FARKLI SPRKNKLER YANG

SY¥ND! RME SKSTEMLERKNKN SKM! LASYON
KARKI LAKTI RI LMASI

Res. Assist. Burak AYVA

Il kék | niversitesi
¥ZET:ehir merkezlerindeki negfus yojunlujunu
par al el ol arak kehirlerdeki otopark ihtiyace
d¢kegrebil mek amacéyla robotize -ok katl é otop
mel de bir asans%ri/frl @fmet irpibodtuomd irlaki t anéml an

sistemlerde otomobiller yatay ve dikey eksenlerde istiflenmekte ve otomobiller
arasé mesafe her iki eksende de 1 metreden az
hangi bir otomobil de - ek aekiiotbneobillere bi r yangéneén

sé-rama ol asél éejénée arttéermakta ve yangeén gg¢Ve
rendér maktader. Bu sim¢glasyon bazlé -al ékmada,
otopark sistemlerinde kullanélan sprinkler si
| iffarkl e K fakt°r¢ ve aktivasyon sécakl éjéna s
| aktéerél malée olarak incelenmiktir. Zamana bajl
cut otomobil filosu g°z °n¢ne alénarak bel irl e
davranéké sFiSiemuDyantaommi c( FDS) vyazél éemé ¢(zerinde
Sim¢glasyon sonu-1laré incelendijinde, sprinkl e
mutl aka kull anél masé gerektiiji, sprinkler per
orantélé olduju; aktilvadyomisecakk&jaiinl o anraals
yanmakta olan otomobilin °n ya da arka caml ar ¢
nedeniyle kéreéeléep kérél mamasénén yangénén s°nc
ortaya -ékméxkteéer.

Anahtar Kelimeler: Ar a- Yangéneée, ,FPD&nRpitk G¢evenl i ]
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 purposeraated multistorey 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 theters m
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 simulatidrased study, we investigated the per-
formane 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 Kfactors and activation temperatures were analyzed compa-
ratively. Timedependent fire loadias 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 system automated
multi-storey car parks is a necessity. Furthermore, the sprinkler performance is
directly proportional to the ¥actor, 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. GKRKK

Kentl erdeki n¢gfus yojunlujundaki hezl & ar
sahi@dafenéen giderek artmasé beraberinde ul a
mi ktir. Trafik yojunlujunun yanéséra otopark
inovatif =-°z¢¢mlerin gelikmesini sajl amék ve
melde birliftk onvey°r si st emi olan bu otopark siste
c.ste yerlexktirilmik slotlara konvey®°r ve asa
nel erdir. Kl asi k bir kapal e otoparkta, me n e\
alané @& aer amly&r é 35 m2/ ot omobi l seviyelerir
sistemlerinden olukan roboti k otoparkl arda ¢
ana kadar her ne kadar bel ediyeler tarafeéenda
rilse de, Jonmfups gydjeumrelkuart masé ve gelecek ne
jinden daha -ok kehir i-i ulakémda da dkull a
kiralamaya y°nel mesi bu tip kompakt roboti ze

arttéeracakter.

Butiprobotizeot opar k sistemlerinde takeéyeécé si st e
| anél makt ader . Bunun t emel nedeni , mé¢ hendi sl
hassasiyetin daha y¢ksek ol masédér ve bu tg¢r
i -ermektedir.emenclakl |-eené@rmmé ma-legl ijin dojasé g
meydana gelecek g°-me riskini arttérmaktadeér
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i-in pek -ok yangén yal étém metodu bulunsa d
ve pek -ok far kIl & are knadnei zomhadnuéfnu hbairre kyeap é da t

yangén yal étémé uygulamak t¢m bu otopar k mak

rektirmektedir. Mal esef Kuan ¢l kemi zde bul un
akamaséndayken yangén roskaean Yamgé@meimnies lall e
karké aktif yangén °nleyici sistemler yerl ecx
yangén g¢venliji amaceéyla sprinkler sistemi

birlikte bir robotik otoparka 8 ile 650 otomobil parkedb i | i r . T. C. Bal ékesi
diyesi i-in inka edilen robotik otopark 64,

otopark ise 648 ara- kapasitelidir. Bu kapascs
meéndan incelendi i nde b¢wek bmgrheadamst ajj; dmad

]
]

méndan incelendi inde muazzam bir risk anlam
aracéen karékxteje otopark yangeénlarénda, yang
ya ar kadaki ara-lara sé-rayararkk gednganekt edi
néenda ol duju gibi yangénén ¢(st kattaki ot omi
2018: 24). Anc&lony®ez °komrsusuaelmilfit -ok katl é& ot c
junda roboy yapeé i-erisinde parklanmék bir
hem ¢ s sl ottaki ara-lara hem de yan sl otl arc

t
Kl asi k katl é& otoparklardaki bir noktaya kada
kat d°kemesinin robotik otoparklarda bul unma

lunduklae@ zemi n g°revi g°ren konvey©°r tablalarén
sonucu meydana gelebilecek risklerin sayésél
akademi k hem de m¢hendisli k bakéméndan yeni

karkeée dinmnegn-kFetefi kadar i ncel enmemi ktir. ¥
73467 : 2013 Kngiliz standarténda kapal & ot opar k
yangéen y¢okl eri belirl enmik ancak -ok katl e r
yerine performamrd erbbazl g ap&hanas é- °neri |l mi ¥
2:2013,2013:12) . Per formans bazl é& analizl er

altyapésé gerektirmektedir. Bu -alékmada T.C
yaptéereélan -ok katl & rloébnoatriakk ,o thoepra roktéonmotbaisla rl
adet sprinkler sisteminin yeterliliji ve spr
t°rl erinin yangénén kontrol alteéna al é@&nmasén
y°ntemlerle incelenmicktir.

2. OTOMAT KKATLEGO®RPARKIN TANITILMASI

Bu -alékmada T.C. BALI KESKR BELEDKYESK i -
tik otoparkén mimari °1-¢leri temel al én
-aléekan 4 ara- asans®°r ¢ ve asatogaimda bakén
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64 otomobil park slotundan olukmaktadeéer. Ar a
mobili aleéer, park yapélacak kata otomobil i -
célejeée ile otomobil.i park sl otwanaduyerid-exktiri
recin tersi uygul aneéer . kekil 16de Bal ékesird
otopark verilmiktir. Robot yapé yaklakék 20
taban alanéna sahiptir. Sisteminrgark edileb
dadér. Bu dejer i-inde ulakxkém yollaré buluna
civaréna kadar -ékabil mektedir.

i

: "‘.‘\Ji-%

kekil 1: ¢ok katl é otopark robotu (T.C. B
(SANPARK, 2016)

T.C. BALI KESKR BELEDKYESHKOAOnne oaiotp aorlkaen |riadf bt

konvey®°r sistemler:i 3 fazlé 380 V elektrik |
al maktader . G¢evenli k amacéeyla park slotlar ér
bulunmakta ve yangén g¢venl i jiisne ne® rdeelnikk het
gel ecek kKekil de ara- bakeée ikiker adet sprink
parklar, tasarémlaréée gereji yatayda ve dike
ara- kapasiteld bir varyasyon i-in teknik ©°z
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Tablo 1: T.C. BALIKESKR BELEDKYESK robot i
©ozet bilgileri (SANPARK, 2019)

Ara- Kapasit 100 Adet 3000 kg
Kapasitesi
Mak s . Bi nek 600x230x175 cm
Mak s . SUV Ar 600x230x215 cm

Motor Hé z
Yatay Hareket

3 kw 25 m/dk

Motor Hé z
Dikey Hareket

20-30 kW 50-100 m/dk

Elektrik Beslemesi 3 Fazlies0Bz80 V

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

3. YANGI N GELKKkKM EJRKSKNKN BELKRLENMESK

Bir y a p égbrucu ymeydana gelecek risklerin belirlenmesindeki ilk

ortaya -ékacak yangeén y¢é¢kegnegn belirl enn
n belirli bir eneriji eki k dejeri czerine
ksijen il a-e¢gaksékanmagier eeekoaséeunda
nden farkIl é& kat é, sévée ve gaz fazeéendal
a meydana gelen ésé saléném hezé ile yan
hezénén bul unmaysaemgdéank i d eenne ytluetrair |yéa pymanktteém
Iendlj nde son otuz yélda -ok sayéda oto

Q- — — 3
@ O

|

alénéem hezlarénén ara- tipine ve ta
aktad er . keki |l n2adnd eo tfoamokbl iél kyaaymgaékn ag edlaink
arada g°sterilmicktir. Bir otomobil yange
MW seviyelerine kadar -ékabil mektedir. ke
r ara- i -in ol up,yabnigeédnelnar rfdaaz | car taaryaac €-né kkaanr &
m ejriler.i yanan her aracén yangén geli«kKir
°re birbirlerine Ilineer eklenmesi il e tespi
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——Schleich vd.(1999:30) yeni araglar
——Schleich vd.(1999:30) eski araglar
10000 - Mohd (2015:51) .
—— Okamoto vd. (2009:308)
. ——Park vd. (2019:9)
S 8000 .
=3
N
X
S 6000 .
4
3
»
G 4000 .
2000 .
0 5|
10 20 30 40 50 60 70 80 90 100
ZAMAN [dak.]
kekil 2. Cexkitli ot omobil vyanegjérni Iteersitl eri nd
Ot omobill er yanma sonucunda ortaya -ékara
g°re kategorilere ayreélmaktadeéer. Tablo 2d6de
ot omobi l yangénlaré ¢zerine yaptéklaré -al éex
enerjs i kapasitelerine g°re 5 kategoriye ayreéelr
mentl er i il e paralellik g°stermektedir. Ot on
nel olarak yanmal aré sonucu ortaya -ékaracak
g¢Cc¢ sentimelstiader . Bu 5 farkleée kategor. i -in
kekil 36te verilmiktir
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Tablo2.199%2 000 Yeéll aré Arasénda |retilen Bazé
siyel Bakéméendan Séeénéeflandéreéel masé (Mohd, 20

Kategoril = 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

6000 7500 9500 12000 12000
Kapasitesi [MJ]
En Y¢kse

5242 6553 8300 10448 10448
Sal @éném
Topl am K

850 1000 1250 1400 1400
[kq]
Yangén

200 250 320 400 400

K¢tl e Ka
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12000
——Kategori 1
10000 - —Kategori 2
E Kategori 3
é 8000 | —Kategori4 ve 5| |
N
T
= 6000
=
-l
< 4000
%
2000 |
0 1 1
0 20 40 60 80
ZAMAN [dak.]
kekil 3. Kal ori k potansiyel bakéeméndan far kil
leri (Fettah vd., 2016:27)

Bal ékesiroddeki roboti k katl é otoparkta -¢€
gelikim ejrisinin saptanmaseé i-in ilk ©°nce n
dir Bu nedenle Tg¢grkiyeddeki i Kinci el ar a-
i rdelieenmi2k0t19 yeéel é i-in T¢grkiye i kinci el ara
g°re dajélemé kekil 46te verilmiktir. T¢rkiy
C segment ol duj u, bunu séraséyla B ve D sef(
(ODD,2019).

kekil 4. Mevcut T¢rkiye Kkinci EI Ara- Piy
G°re Dajél éeme (ODD, 2019)
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kekil 306teki dajélem bir aracén yanma i ht.i
séz olduju varsayémé ile incelendijinde, bir
lebi |l ecek en k°t¢ yangénén D ya da E segment |
cajeée anlamé -ékmaktadér. F segment ara-1|lar vy

ve D segment kéyaslandéejéeénda D segment bir a
cakter20Moh84) kapale otoparklardaki ot omobi

mentl erine g°re incelemik ve D segment ar a-|
yénl améxt eéer . Tabl o 30teki bilgiler incelendi
Tabl o 26degovreir i3 eanr ak-atyeangénl ar éna daha - ok
Kéel makt adér . Bu mant ék akéké sonucunda yangeée
yangéené belirlenmicktir.
Tablo 3. D Segment Otomobillerin Yangeén T
EnY ¢ ks el . ~ -
Deney Sal ene Toplam EnerfiKa Yangén Son Ara- |Yangeén
a eneil
No pasitesi [MJ] K¢tl e Kay lesilkgl) gé- No
(kW]
1 4073 6144 192 1380 |S¢r ¢ cC ¢
kanzumg
2 8283 7000 255 1382 | _
resi
kanzumgqg
3 9854 6806 262 1454 | _
resi
4 3650 5960 186 1470 [S¢r ¢ cCé

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

Bu —aIéKmada yangén ve sprinkler davraneéck:

(Fire Dyna cs Simulator) yazél émé PyroSim 2
IanélméKtér. FDS, komut satérlaré aracéel éjey
i -in ©°zgedl ioktairraikli mi Kk bir hesapl amal & akeéekkan
roSim ise FDS6in kullanéméené kolaylakteéran b
dijinde FDS sonu-lareée ile tam °] -ekli yangén
ler vermektedir (Qinvd , 2006: 1208, Hal ada vd. , 2012:215)
larée i-in -°z¢;m ajéendaki her h¢e¢crenin sécakl
kompozisyonu, reaksiyon hezl aré ve y¢zeyloer
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( McGrattan, 201 ®%b: es| G kauell amlédraamk FDS yazel

s¢reklili k denkl emini, momentum denkl emini,
zi syon denkl emini ve exkdejer basén- denkl emi
her zaman adéménda -°Renk| 8m HD&a&h emdberkasdan

mi ktir (McG#HAttan, 2013a: 8

— nJ o m (1)

— n07"06 nn " "Qnof 2)

— 2”& — 2™y ¢ (3)

— 12" @ n12"0Nd d (4)

no ""'YN — (5)

Denkl emlem l16dazehodoézkadahwegygiskorigeri- p baséncé
I i mi , h entalpivyi, T gazén sécakl éjeneé, k @&
-eki mi i vmesini, t zamaneé, R ideal gaz sabit
aj érd éfiér,i m haci mdekn bkiphatiek ldie]Jy anma g&cényg
i fade eder . FDS, denkl em 26den de anl akél aca
akéklarda tutarl é@ sonu-1I|ar ver mektedir. Bu o
parametrel eri a-ék -o°zKumltéea iykeinntceimi d/d ree cgesdnecne

mek edir (McGrattan, 2013a:141). Bu -al ékmada
|l anélarak LES (l arge Eddy Simulation) y°nten
mi nde, kull anélan -°z:;m ajémdaki h¢creler 5
urantFriedrichsLewy CFL) kokul una wuyul muktur (McGratt al

FDS yangén model |l emesinde karékém kontroll
dér. Yakéet ve oksijen araséndaki stokiyometr
ril miktir:

F OOQ o 0 O By j 0t a-odiél (6)

64



Roboti k ¢ok Katl e Otoparklarda Kull ané&l an Farkl e Spr

Denkl enm téedrdiamkii mo | sayélarénée ifade et mekt
temel alarak -°9z¢m ajéndaki yanmanén ger-ekl
l aréna g°re yanma reaksiyonu bekane betarl er
sénda a-éja[kWNkanseéseksggen mi kdlshveéndaki aza
birim k¢tle oksijenin tok&0Oi[nkj /iklgd a -aérjpad méé k
[

| e Denkl em 706deki gibi hesaplanmaktadeér.

n YO a )

FDSayneée zamanda sulu yangén s°nd¢gr me si st el
dir. Sprinkler aracéleéejé ile yanmakta ol an &
faza ge-erken endotermi k faz dejikimi esnasé@
feri s¢regimmiaj] émMOa k4° hgcrelerin birim y¢gzeyl
kullarak hesaplar(McGrattan, 2013b:223).

no n oQ )

Budenklemde] birim y¢zey al anéemdakiyusmséel®-g¢ce |
z¢m ajéndaki ahgdakeybigimdypizey alana d¢ken €
ise birim y¢gzeye degken su kegtlesinin birimy

den

sénée i fade eden terimdir. k dejeri [ 1/ s]

Qo @ 9

Denkl| em 9 6 fh/kgis] deneydetyollartabulunui, dej er i i se
birim y¢gzeye degken su kegtl esini [ kg/ m2] i f ac
mal zemel erin y¢gzey morfolojilerdi ve yanma e€es
Jikim malzemeden mateeemegpi dei bki BuUykng9yangeée
performansé yangén s¢recinin ger-eklexktif]i h
dajéel émlaréna g°re de dejikiklik g°sterecekt

5. ROBOTKK OTOPARKTA YANGI N SENARYOSU VE FI

Bu -alékmada ortam sécakl éeje 30 AcC, Séneéer
kabul edi |l mi ktir. Katé cisim y¢zeylerinde il
radyatif esé transferleri de hesaba kat el méex
leiFDS Validation Guide (McGrattan, 2013c: 102
her y°nde ekit ve 20 c¢cm olarak belirlenmik o
rarsézléek g°zlemlenmemiktir. Bil gisayarda si
roboti k octteogar K aynapgn€@ -°z¢;,;m ajéna dahil edi |1
hac mi a-ék atmosfer sénér kokullaré ile -°z¢
l enen hacmin sénér kokullarée a-ék atmosfer s

|l arda a-ék |atmmecsf egraptédmeémk yangénén bojul ma
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36te belirlenen yangén gelikim ejrisindeki €
l anmékt éer . FDS, denklem 76de verildiiji gi bi

rinden hesapl amakt &ejve syangmémgegelkiti rdiJi oks
gén yéizeyi -evresinde bulamaz ise mevcut oks
maktader . Bu -al é&kmadaki FDS yangén model i
dan ol ukmaktadeéer . oBpiarikncyiapkéstémaenn rbogbtoctn ¢ky loet |
ifyapeésal model 0; i Kinci katman -°z¢,¢,m aj énén
2 adet ol mak ¢zere toplam 4 otomobilin park
senaryosu alt modeli camgésogsbbagak espomoki &
karoserinin ve kereélabilir camlarén tanémlan

(Yaplsal Model k (YanglnSenaryosu\ /Yangln Cekirdek b
« Robotik Otoparkin Alt Modeli Modeli
Yapisal Geometrisi * Senaryoya Dahil * Gelik Arag Karoseri
Araglar  Kirilabilir Camlar
* Sprinkler Sistemi * Zamana Bagli Yangin
® Nimerik Termo- Yuk
Y ) \couplelar ) S )
kekil 5. Kurulan yangén model ve alt
Yangén kaynak model i aracel éejeyl a, bu - al
mansé °| -¢lecektir. kekil 56te go°re¢l dejeée¢ éze
rafenda yer almaktader. Yangén yg¢zeyi ot omoll
ol up, ovamaehbi ll gfm kal énl éj énda -elik ve cam
standart cam ol arak tanémlanméxteer . Wei senpa
mobil yangéné -al éeékmalarénda camlareén 520 AC
l enmi Kt ir. Bukbghhamdadelyandehki ara- <caml ar ¢
520 AC seéecakleéeja ulakeldejénda kerélacak «kek
i-in sécakl éjeée ©°l-en bir kontrol thermocoupl
rilmiktir. Mo del i6nd doao ygkPesstier i°ll mi¢klteirri. keki l
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3

Sprinkler A Sprinkler B
/ / Camlar

Kontrol
Thermocouplelari

- Park Siotu Yangin Yizeyi

kekil 6. Yangén kaynak model i

520 cm »f

,
N |

190 cm
155 cm

—amwm " m0am
;" 560 cm
kekil 7. Yangén kaynak model i uzunl uk
Yangén kaynak modeli czerinde tanéemlanan
yangén senaryosé alt model i nde kobii raraa-a--ta - &
|l ara yayél maséné da modell erken kullanél mext
dékéndaki bir yangén otomobilin caménén keér é
yangén yg¢zeyi 375 AC dejere ulakér ise otomo
cakl ek dejeri séradan bir otomobilin i-inde
yanécé polimer malzemelerin yaklakék tut ukma
yangén yayélma senaryosu gereji kekil 76de ¢
kategor 3 yangénén farklée aktivasyon sécakl ekl a
sistemleri taraféndan kontr ol altéena aleéeneép
yayél ép yayél madéjé incelenmiktir
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Sprinkler o UstArag )
> _ v Sol UstArag

i Yapisal Thermocouple

Sol Arag

ilk Yanan Arag

kekil 8. Yangén senaryosu alt model

Denkl e &@dala bajlée k(t) dejerinin bulun

Il er i ile m¢gmkegn ol maktadéer . Ancak ger-ek ©°]
i -inde otomobil yangéné deneyinin -o0ok y¢ksek
ama- farkleé sprsailn&rlénmdrerbinr tpierrlifeorrimainl e kéeyas
olabildijince k¢-¢k bir k(t) dejeri teorik o
olarak dejerlendirilecek hem de sprinkler si
l ejJ éné de¢kerer ekkati gavyaénsl éa mdlaa rgagkv echd v rkanacakt
(2012:118) tarafendan ahkap palet yangeénl ar é
yapélan -alékmada k=0. 4 dej er i ile elde edi
nu-1laré ile benzerlleirkd egk®is tseur ddiejbii,l earnicnack gsprree
ve deney sonu-larén benzerliklerinin dejixkt.i
dej eri il e FDS taraféendan hesaplanan yangén
kekil 96da veril mikteirri.ni¥i e 4adytneén -ya:lkéskenka dod
hesaplanan yangén gelikim ejrilerinin ger-ek
da -ok y¢ksek -ekmaséna neden ol maktadér (Si
°n¢ne aléendéejénda ve maliyetyEbEKdeninylix| BtC.
mekte ol duju robotik otoparkén ger-ek boyut]l
ger -eji, bu -alékmada el de edilen sonu-1I1areéen
dejerinin se-il mesini zorunlu Kkeatakmakt adeér .
denkl em 96daki a sabitini kull anmaktadeéer . Bu
|l aréenda a sa&sfditi oQd.a0lak[ ka/bkug edi | mi Kkt i r .
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* ‘R"“" 1 W};‘W-ﬁ a "'ﬁ\ ":
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wol | N | PRy
[J “.’”"' AN \ ﬂ, \.,W,,,!M ‘mj,\'n*«“ ‘cf\ |
| N ..m‘*%w R oo
1000 = f fofroe -
i
/ En
d N
o I I I
0 500 1000 1500
Time (s)
kekil 9. k=0.4 yangén gelikim
deney sonu-lareée il e OkaiBps!| anma

6. ¥NERKLEN SPRI

Sprinklerler -al é@kma -B@m®Ede nce 4 btairyags Kor aka
cakleje [AC] ile tanémlanabilirler Bu -al éx
ve 240 dejerleri; aktivasyon sécakl éje ol ara
sim¢glasyon yapeéel mékt er ¢ ailléenxinkat i bra s éAnycréé coal aort
mobillerin °n ve arka camlarénén keér &l mamasé@
lejeée i-in t¢egm K faktorl eri ile test edil mikt
her birinden el de edilen sonuj-erair (iSPeD)° ner i
Denkl em 106a g°re ayré ayré hesapl anméck, bul
l andérélarak bir puanlama sistemi gel i ktiril

YO O - (10)

Burada tdg sim¢glasyon esnasénda K sprink
den zamaneéeé, ts°n yangén s°nme evresine i rd
10 kWoé6eén altéena de¢gkt ¢jeée i1k saniyeyli bel irtr
dér malléersppearnfkor mans dejerl er i ki farkl & ©°rr
mekKkt éer Tdg ve ts°n dejerleri bilinen 2 spri
SPD dejerleri hesaplanmék, ardéndan bu defjer
SPDG1 0 degreir hesapl anméxkt ér ¥nerilen y°nt eme
t e mi 10 puan al érken; dijer sprinkler yakl ack
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Tablo 4. Ajérl éklandéer él mékx Sprinkler Perf

losu
0 O¢ SPD SPDy-10

Sprinkler 1 80 370 3.38x105 10

Sprinkler 2 180 330 1.68x1065 4.97

7. ANALKZ SONUC¢CLARI VE DEjERLENDL(RME

Yangén esnasénda ara- caménén kér él acajeée
lamda 30 sim¢glasyon yapél mék ok@peéel @aaamj ar én
varsayémé ile yapélan 25 ayreé sim¢glasyon son
kekil 106da verilmiktir. kekil 106da yer al a
ejrisinin ilk 350 so6lik késméadgrmaddnade et mekt
°nce, yangénén il k -éektéjée otomobilin camlar
| erden atélan su damlacéklaré otomobilin i-
et kil i bir yangén s°nd¢r me s¢rea@ir Eéma&ml amekt é
yanmaya baklayan otomobilin kérélan ©°n cameén
me¢l asyon g°r¢nt¢gs¢egnden de anl akél maktadeéer .

On camin
kirlimasi

Arag igine
Su girigi

kekil 10. Yangén esnasénda ara- caménén keéere
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Sprinkler sistemlerin devreye girme anl ar ¢

] émséz olarak aktivasyon sécakl éeklare ile il
T aktivasyon séecakl ejéna sahip olan farkleée K
ol muktur . Aktivasyon sécakl éklarée de¢gkt ¢k-e,

daha erken evrelerinde devreye girmektedir.
141 AC aktivasyon sécakl é&jéena sahip bir spri
mayacakatnécrak sécak i klimlerde -aleékacak bir
yasyon sebebiyle 57 AC gibi séecakl é&klara no

r
i-in 68 AC ya da 79 AC aktivasyon sécakl éje
ol acaktléer. | é&rpirn nk fakterl eri arttek-a yangén
artmaktadeér. Sabit -aléexkxma baséncé alténda K
debi si arttejée i-in y¢ksek K faktorl ¢ sprink
daha etli i ol makt ader .

1434 [

1340 |

:

N

= 820

=

=

-

<

w
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0k i : .
1 148 240 350
ZAMAN [saniye]
kekil 11. Sprinkler aktivasyon sécakl|l ej éné

Farkle K fakt°r¢ ve aktivasyon sécakI|l é&] én

altéenda -alékmalaré ile yapeéelan sri m¢glasyonl e

kéesém altéda anl atel déjeée gibi i Kl enmi K ve s|

yézey grafiji olarak verilmiktir. Camlareéen Kk

yonlar i-in sprinkler puanlamaseéogapél mamécxkt
!

rak incelend inde d¢k¢k aktivasyon sécakl éj
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I
S

mi ktir -cOOk.ekAnc atk®d keekdeé dBr ¢l ecefj i

ol duju g°r¢l mektedir. Ancak baskeén ol

an deji
ama y¢zey grafijinin aktivasyon seécakl ejeé

écékliéje sprinkler sistemin performansé ar a:¢
iczere K f ak

vasyon sécakl éklaré dejikse bile genel bir p
| er déeak,ejkenfaktore¢gnegn 160 ve iszerinde; aktive
tercih edil mesi uygun ol acaktér. Ancak denkl
rak robotik otoparklar i-in bulunmasé sonr as

‘—K=80 —K=115 K=160 ——K=200 —K=240‘
I ] ikinci Sprinkleri‘n
1350 - Patlamasi |
\
= 1135 1
i ﬂ Camlarin Kirildigi
— Durumlar
N \H
I H
= I
Zz ||
- ‘\
< \
%) \\
o |
- |\
|
R
‘\‘ K—#
0 S |

0 287 408465 814 900
ZAMAN [saniye]

keki.l ¥In2 ya da arka caméneén keéerél ép/ kér ¢
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Puan
o

0 — o
576679 g5~ —— —- _ ————~ 1gp 200 240
3 141 g 15
Sprinkler Aktivasyon Sicakligi [°C]
Sprinkler K Faktdrii [L/{min/atm)]

10

1.5 1

5_

Fuan

2.5

0 T I T I |
80 15 160 200 240

Sprinkler K Faktarii [L/(miny/atm)]

10

7.5

Fuan
n
|

25

0 T T T T T

57 B8 79 93 .
Sprinkler Aktivasyon Sicakligi [°C]

kekil 13. Farkleée K fakt°r¢ ve aktivasya
sprinkler sistemlerinin karkeéelakteer

Yangén esnasénda, yanmakta olan otomobil in
|l arénén kérél éep/ kerél mamasé yangénén kontr ol
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- C O Cc o

— oo oo "< *tTo o T
o c cCc —T o M

Q@

tta tahmin edil mesi zor durumlareé ortaya

ml ar ti -1i4m sALCbiakti vasyon sécakléekjée ve far.l
ngén ésél gelikimejrileri kekil 1206de ver|
rumunda yangénén kontr ol alténa al é&nmaseéené
a-|larid exceaeyjédl g r ¢l mgkt ¢r. Camlar én kér el man
] su aracén kaporta ve cam y¢sgzeylerin alt.
yangénén ésel ge¢éceé¢ yeter kadar azalteéelan
I mi ktir .olkanf askptrlirnék 1lelr5 si steminde en kot ¢ s
rumdaki yangén 963. saniyede ASol Ara-o0¢é€en
-al ekxmadaki ara-|lar arasé yangén yayéleéem
Jru sonu-1 arsenaérnyadd inhadel iMedvecuar a-| ar én t at
K d¢zeyden tutukabilecek par-alarée g°z ard
re ¢czerine odakl anél mékt ér .

K fakt°r¢ 80 olan sprinkler sistemde en i
nsé gmizk teiml enDi Jer durumlarda sprinklerler
ne atélan su debisi -0k y¢ksek ol dujunda a
K ve karké taraftaki sprinkler patlama séc
duju durpandlaayiasr sSdrki nkl er ara- -evresinde
Ki si yaratmék ve karkédaki sprinkler de p.
acén °n ve arkaseéendaki her i ki sprinkl eri
ri nkl er | eradpel na nantaésl éanné svue iylaen kpencer el er gi b
kl ardan aracén i-ine sojutma suyunun girel
6t eki K=80 ejrisinde g°r¢l ebil mektedir.
On cam engeli
kekil 14. Kér él mayan camén sojutma suyuna
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¢toktk@ roboti k otoparklar giderek yaygénl e

temin ekonomi k karl él é&j & paralel ol duju 1i-1imn
yéksek ve daha fazla ara- kapasitesine sahip
te¢r yapekarefumi ukl a dar alanlara yapél acak
hem robotik otopark yapésé hem de -evresind
lanma, °l ¢m ve ekonomi k kayeép risklerini art
lan analizler sprinklersit e ml er i n yangéné kontrol alténa al
ter mektedir. Ancak bu durum mutlaka yangén
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Engineering Properties of Steel and Basalt Fiber Reinforced Geo-
polymer Mortar

ABSTRACT: This research illustratessdts 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 risaivd
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 mortarwas 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 titatio 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 inclusionitedr$ 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 usedstruction 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 caudesraase 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 QUP&iuction is
rising at the rate of about 3% annually. Manufacturing of one ton of cement contri-
butes to producing nearly one ton of £Dhe amount of C&released to the atmosp-
here is responsible for the 7% of total emissions of greenhouse gasess &@ thi
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 matdoaie used as a partial or comp-
lete alternative to Portland cement. French scientist Joseph Davidovits finds that the
waste materials or byroduct that contain aluminous (Al) and siliceous (Si) materials
such as husk ash; slag or fly ash can be usedanithlkaline to interact as source
material of geological root to produce binder (Davidovits, 1988). Davidovits (1978)
named these binders as figeopol ymer so,
him in reference to aluminosilicate polymers which haamorphous microstructure
formed in an alkaline environment. Geopolymer is a type of unorganized atlumino
silicate product demonstrates the ideal properties of rock forming elements like lon-
gevity, chemical stability, and hardness. Geopolymer is a memliee damily of
inorganic polymers that composed of a polymericXsiAl 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 condisigef a
number of repeated units (monomers). The unit molecular structure that forms the
large molecules controls material properties (Young, 18@8nmings, 1988)The
amorphous or nearystalline 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 considekémh(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;thiaezee-
sistance, and low shrinkage. The alkaline liquids which consist of silicate and hyd-
roxide affectdhe 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
compressivestregt h of geopol ymer concrete (Mer merdact
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 5umajouw and Rangan (2006) through their re-
search orreinforced 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, withgood 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 p#cularly 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
toincreaseconcréles str uct ur al integrity,Chaind i mprove
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 matergagince 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 researcherave 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 researchensch 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 investitgal 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 MaiO; (71.4%) + NaOH (28.6%) and ratio SiNa,0
utilized was 2 (Nematullahi et al., 201#8)oreover, 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 decreasingwuarkability.
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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 tf th8%
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 tygiseoivere
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 showsethe ¢
mical composition of the FA. A combination of sodium silicate.®@s) 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 massf 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-kilogram solution was used. Readymade solution of So-
dium silicate was obtaikefrom supplier. Sodium silicate solution has the chemical
composition of Si@=29.4%, NaO=14.7%, with water about 55.9% by mass. The
specific gravity of sodium hydroxide solution was =1.48 g/cc with viscosity &€ 20
was =400 cp. Aggregate was used ipeggch was provided from local river quarry
(river sand). Only fine aggregate was usedifim). Maximum nominal particle size
of 4 mm was used to obtain aggregate grade fredn{th). Aggregate was saved in
laboratory environment. Specific gravity of aggagobtained 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% ofdlh weight in all mixtures.
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Table 1.Chemical composition of fly ash

Composition FA %
CaO 2.2
SiO, 57.2
Al 03 24.2
FeOs 7.1
MgO 2.4
SO, 0.3
K20 34
N&a.0O 0.4
S.G 2.29

2.2. Mix Proportions

Mixing design has important effects in gduction 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 setmtif 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 %@mixture of sodium hydroxide
(NaOH) solution and sodium silicate solution ¢Ni&Ds) 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 improvdlidwability of geopoly-
mer mortar Supeplasticizer 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 2.6&wdded 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 Aggregate  NaOH Na;SiO3 Fiber S.P
Fly Ash
Fine Solution  Solution Basalt % FA
Kg/m3 Kg/m3 Kg/m3 Kg/m3 (%) Kgmé 9%  Kg/m?
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
Aggregate  NaOH Na;SiO3 Fiber S.P
Fly Ash
Mix ID Fine Solution  Solution Steel % FA
Kg/m?3 Kg/m?3 Kg/m?3 Kg/m® (%) Kg/m® % Kg/m?3
Control 600 1294.63 85.68 214.32 0 0 6 36
0.20% 600 1289.65 85.68 21432 0.2 15.7 6 36
0.40% 600 1284.37 85.68 21432 0.4 31.4 6 36
0.60% 600 1279.09 85.68 21432 0.6 47.1 6 36
0.80% 600 1273.81 85.68 21432 0.8 62.8 6 36
1.00% 600 1268.29 85.68 214.32 1 78.5 6 36

82



Bazaltve ¢el i k El yaf Kle Takviye Edil mi Kk Geopolimer Ha

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 automaticaltyrolled 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; 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, themolds 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 wa®mk 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 filonprevent moisture loss during high temperature
curing. Then, curing processes were starkedm the previous researches, it was
found that the strength of geopolymer acquired by temperature, and significantly inc-
reases with the increasing temperatdir@oing. Heat curing was used by using elect-
rical oven with constant temperature at®60for 24 hrs.

2.4. Testing Procedure

According to ASTM C 138 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 flowf 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 geop@imer mortar and compacted with the tampers for 20 times.
For the second layer, the same procedure was repeated. The cone was lifted away
and i mmediately the table was dropped from a
in 15 sec. the diameter of the gebjmoer 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 aftewv. 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) pmsm, 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. Thessivgpstrength

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 curingCatesfperature 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 resuktroeptage
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 éfees)-
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 shaonter
length of steel fiber and smoothness of the surface.

¥IBasalt Fiber i1 Steel Fiber
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Figurel.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 mioitaveight. As
shown in the Figure the unit weight for control mixture was 2212 kdfime 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. Howeechdmge
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.

¥ Basalt Fiber & Steel Fiber

Fresh Unit Weight (lkg/m®)

2160 /i
0% 0.20% 0.40% 0.60% 0.80% 1.00%
Fiber Content

Figure 2.Unit weight of geopolymer mortar

The test results regardirthe 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 stébker 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 fothe 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 04% 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 eliminatedhis drawback.
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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 askffectively.

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 manufcture 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 assgliba
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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Effectivenessof Equivalent Decaying Sinusoidal Pulse Model
for Near-fault Ground Motions Regarding Floor Response Spectra
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ABSTRACT: Pulses with high velocities can be seen in ground mo-
tions in neatfault areas during earthquaké&ince very serious structural re-
sponses may occur in case these4padod pulses coincide with the long nat-
ural periods of seismically isolated buildings, examining the performance of
seismically isolated buildings under such records has gained imparfstribe
same time, due to the small number of Haailt 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 tepresent nedault ground motions [Agrawal, A.K. and W.L.

He (2002). 'A closed form approximation of ndaunlt ground motion pulses

for flexible structures.' 15th ASCE Proc. of Eng. Mech. Conf., NY, USA], in
capturing the actual floor response spectrsetgmically isolated buildings is
investigated. A sistory (including base floor) benchmark seismically isolated
building is analyzed by nonlinear time history analysis method under both a
real neaifault earthquake record and the equivalent decayingsidal 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 instory 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-
guakes mg 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 systemsNlakris, 1997). Thanks to its abovementioned advantageous features,
seismic isolation technology is preferred for particularly missidtical structures
such as hospitals, data centers, scientific research centers, museums, etc., which gen-
erally house vikationrsensitive contents or precious historical artifacts.

On the other hand, seismic demands of seismically isolated structures may in-
crease in case of rapid and stragrgund motions such as ndault ground motions
(Makris, 1997), which typically cdain 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-feaalt earthquakes may drive
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the structure into the resonancerang( Sar gén et al . , 2017) .

base displacements may be exceeded by isolation system displacement demands and

t herefore isolators may buckl e and/ or
high shear strain levels, shear failure cduddobserved 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 vibrats@msitive equipment which
must go on serving even during an earthguauch equipment may fail (Gazi and
Alhan, 2019). Sometimes, even failure of a single vibragiemsitive content housed

in missioncritical structures may cause significant economic losses. Moreover, if the
abovementioned failure modes occur in a sigaift 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 seismicadlglated structures under ndault
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 baseisolated buildings equipped witdlastomeric isolators under his-
torical neatfault earthquakes by taking into account the uncertainties in isolation
system el e meDavas anavAhan (20194,2@19b) investigated the prob-
abilistic behavior and reliability of seraictive isolated hildings under neafault
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 numbetuafl 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 reataedirground 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 ptige nearfault earthquakes. Of thegbe
effectiveness of equivalent pulse models developed by Makris and Chang (2000) and
Agrawal and He (2002) for nedawult ground motions regarding drift and accelera-
tion responses of bassolated buildings is investigated by Gazi et al., 2015 and
¥ n eDavas et al., 2015. Likewise, success of those pulse models in representing
displacement and shear force responses of seismically isolated liquid storage tanks
are i nvest iDgvasteial, 2018 In &dditior, use of synthetic pulse mod-
els for assedsg nearfault earthquake behavior of baiselated 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) tonesent neafault ground motions, in cap-
turing the floor response spectra is investigated. A benchmastasix (including
the base floor) seismically isolated building is analyzed by nonlinear time history
analysis method under both a real At eathquake 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 systeoagd 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 nedault 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 teatanovement (Bray and Rodrigu&ta-
rek, 2004). The nedrult ground motions, which occur at a distance approximately
within 10~15 km to the fault, may contain Iepgriod largeamplitude velocity
pulses. In order to answer the need for synthetic giksground motion records to
be used in research related to Aeault 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 forruparametric stud-
ies, that represents the effects of Aealt ground motions in the form of a decaying
sinusoid. The velocity and acceleration functions proposed by Agrawal and He
(2002) are given in Eqg. ( 2 .pBYhedampohg E q .
factor of the decaying sinusoi dysthe i s
frequency of, t faeethe pulse gm@meters that control the shape
and duration of velocity pulse.

v(t) = s€' sin(b 1) (2.1)
a(t) =sé'[asin( &) + bos( th

(2.2)
Her e, U and b are as follow
— — 2
a=-z,w,, b=w,1- 2z, (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
0, respectively. The synthetically generated counterpart of RRS228 record is created
by using the aforementioned equations. For modeling RRS228 component, the initial
amplitudeofth@ ul se (s), the f rpeandthendanyingfdctort h e
of the decayaratgkensas 2miss6a8 rdd/s(amd 16.4%, respectively
(Agrawal and He, 2002). The comparative plots of the acceleration, velocity, and
displacement time hisry 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{S,, Si) versus period (i) are given in Figs 1 and 2, respec-
tively.

15 a . .
~10 F S L RRS228 .
NQ 5| ﬁ i-,;— - P i Agrawal and He (2002) |
8 0 pertu®iE 5T RS ﬁ‘ﬁ-‘uﬁfﬂar‘-.s,m.:'n:h,;.,‘:,,-...,..;....,.,..-.-..........
N~ - 83 Wy b N K
® -5 i 1
_10 1 1
0 5 t(s) 10 15
2 . .
_ b RRS228
é 1 Agrawal and He (2002)
S
= 0
_1 1 1
0 5 t(s) 10 15
0.6 . I
C N | me—— RRS228
03+ | I N A P T —— - |
~ : A% e - Agrawal and He (2002)
= ioNrT - o7 R -
R~y B
-03 S I |
0 5 10 15
t(s)

Figure 1.Recorded and generated thhistories 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 partss superstructure and isolation system, is considered (Fig
3). The plan is rectangular and composed of 6 baysdire¢ction 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 flogncluding base isolation floor) is assumed as 650
kNs¥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@& all structural elements. Based on modal
analyses carried out in SAP2000 (CSI, 2011), the fundamentallixsel superstruc-
ture period is found to be 0.65s, and the other modal information such as eigenvalues
and eigenvect orDavas eal., 2005 and Gaz al al.( 2815)c 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 smelatkdi hys-
teretic elements. The main mechanicalgmeters of the seismic isolation system are
the characteristic force (Q), the yield forcg)(Fhe yield displacement () the pre
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yield stiffness (K), the postyield stiffness (), and the posyield to preyield stiff-

ness rati o (h&ijolation period, the yeld displacdnyent, and the char-

acteristic force ratio are considered as30 s, O = 40 mm, and Q/W=5%, respec-

tively. Here, W is the total weight of the building. The other mechanical parameters

(Kg, K2, Fy, and U) eday eguatioas|represerdirig the bilinear fatefor-

mation relationship proposed by Naeim and Kelly (1999). The details of the bench-

mar k buil ding can be founbkbhvasetali2Bl®amsit udi es pr
Gazi et al., 2015. Here, two SDOF equgnhare considered to be located on the

base and top floors. However, equipmstmticture interaction is ignored.

5¢h floor %SDOF equipment +15m

4th floor Ham
[ —

3rd floor *om
[ —

2nd floor *ém
[ —

1st floor *im

m; Base floor ii i eqﬁ,mem:: tim

Figure 3. Typical section of the seismically isolated building

The effective stiffness (%) at base displacement D can be calculatedgusin
the bilinear forcedeformation relationship:

Ky =K, ®/D (2.4)

The effective period (&) is then given in Eq. (2.5), where g is the gravitational
acceleration:

Ter ZZP\IQJ/(gKeﬁ) (2.5)

The area formed by the bilinefmrce-deformation relationship determines the
amount of equieyabaserdisplackmentDi ng (b

b =4Q(D- D,)/ (20K, D?) (2.6)
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Peak base displacements obtained from nonlinearhistery analyses of the
seismically isolated building underR®228 record and its synthetically generated
counterpart ground motion are given in Table 3.1. Then, the effective peti)d (T
t he ef f ect diyvaedthe affeqgive stifiness €K values at peak base dis-
placement (D) are calculated via E(&4)(2.6). Ter @ n di atfpeak 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) Kert (KN/m) Dett Terr (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-faadt ground motions in capturing
the floor response spectra, the benchmark seismically isolated building described in
Section 3 is analyzed by nonlinear titmstory analysis method under both a real
nearfault ground motion recorded at the RRS228 station duhia 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 developtulde
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 reahgrtond
in capturing the peak acceleration, peak velocity and peak displacement responses of
SDOF equipment housed inside the benchmark-lsasted building (see Fig. 3).

The acceleration @5 velocity (S), and displacement {Sresponse spectra

obtaired as a function of fundamental period of the SDOF equipmegnoiithe 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 &omparative 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 athe same period ranges. That is, for both base and top floors, the
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response spectra{5,, and 3) 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, wherg#hey 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 usirthe error rate formulation given in Eq. (4.1) and presented in the
form of comparative graphs given in Fig. 5.

Error rate(%) = (Spectru MRyravaland He(2002 vSpectrurgngzs)/ Spectrune,;x100  (4.1)

It is observed from the error rates calculated for the peak acceleration re-
sponses of the SDOF equipméhig. 5a) that the differences between the&ues
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©f T1 . 5s, whi |l e t he\y
are about 38% ~ 49% on both top and base floors at the higher period range of T
>1.5 s. For the peak velocity responses of the SDOF equipment (i.g), fhreSsub-
ject error range is 2% ~ 30% and 40% ~ 49% on both top and basetfloed@wver
periodrange of TO 1. 5s and t he hij>glhSesrrespeetivelyod r ange
Moreover, the error rates for the peak displacement responses of the SDOF equip-
ment (i.e. for § on both floors are almost the same with the corresponding ones
calculated for Sat boththelower 7O 1. 5s) and rel atively higher
>1.55).

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 tohbe mu
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 Sat the period range lower than about 1.0s (Fig. 2a) aattBe
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 tha
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 them@r rates for recorded and generated ground spectra for
RRS228, it is seen from Fig. 6 that the differences betwgemBes obtained for the
real and the synthetic pulse records are in the range of about 4% ~ 19% at the lower
period range of JO 1. 55, while they are in the
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higher period range of,P 1.5 s. In addition, the differences betwegw&ues ob-

tained for the real and the synthetic pulse records are in the range of about 1% ~ 16%

atthe lower periodrgeof O 1. 5s, while they are in the ra
at the higher period range of ¥ 1.5 s. Similar to the floor response spectra, the error

rates calculated forqSalues obtained for the real and the synthetic pulse records are

almost the ame with the corresponding ones calculated foveies at both the

lower (T:O 1. 5s) and r.ellss6)iperiedirangedh Alipdughrsome T

error rates may seem high, it should be noted that the numerical differences between

the recorded and gerated 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.

(5]
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L¥5)
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Top Floor Base Floor
20 20
. mSa mSv © Sd -
s 10 I S 10
b 0 T, ()| || & II - T ()
£ iy g °
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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

Period Top Floor Base Floor Ground
(s) RRS22 Agrawal and RRS22 Agrawal and RRS22 Agrawal and
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

Sa 1.5 6.032 5.641 5.165 4.508 9.877 9.515

(M) 2.0 6.895 4.299 6.158 3.838 5.636 5.009
25 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
35 4.219 2171 4.022 2.065 1.960 1.452
4.0 2.890 1.718 2.777 1.641 1.484 1.154
Period Top Floor Base Floor Ground
(s) RRS22 Agrawal and RRS22 Agrawal and RRS22 Agrawal and
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

S 1.5 1.165 1.135 0.869 0.887 2.600 2.590

(m/s) 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
35 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
Period Top Floor Base Floor Ground
(s) RRS22 Agrawal and RRS22 Agrawal and RRS22 Agrawal and
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

S (m 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
35 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 infagarareas
during earthquakes. Due to the small number of actualfagfirground motion rec-
ords, such motions are represented by equivalent pulse models and produced syn-
thetically. In thé study, the success of Agrawal and He (2002) decaying sinusoidal
pulse model to represent ndault ground motions in capturing the floor response
spectra is investigated in the context of a benchmarkteiy (including base floor)
seismically isolatethuilding.

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 (Sy), velocity (S), and displacement {&response spectra are obtained as a func-
tion of fundamental period of a SDOF equipmeny) (dcated on the top and base
floor of the benchmark building under both RRS228 record and its counterpart pulse
model. Corparison of these floor spectra showed that:

1. For both base and top floors, S, and g 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 theglaser 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 foar®l S values obtained
for the real and the synthetic pulse records are in the range of about 7% ~ 14% on
both floors at the lower periodrangeofd 1. 5s, whil e they are abol
at the higher period range of® 2 . 0 ,,ghe suBjectrerrddrange 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 speetplots 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 modelrist 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 seisntiehavior 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 akarbe t
into account.
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¥ZETUI akt @érma sistemlerinin, -evresindeki b
Il er i uzun zamandér araktéreéelan bir konudur. B u
Kehirnaongfhenul é arteéeké sebebiyle yeni b°lgeler
l exim alanlarénda artan n¢gfusa bajl e ol arak vy
artmék ol masédeér . Ul akt é@érma sistemlerinin civ:
nin incelenmesi ve analizlep,l anl anan projelerin uygul anmasé
i Lgi i devli et kurumlaréna rehberli k sajl anmas
dir . Bu -al ékmada, emlaklarén metrob¢s hatteée ¢
mesafelerinin ve bulualdiukhalr&r anhkhaémleak nf iby & tgl
rené tahmin etmeye -al ékan bir model kurul mucxt
or man algoritmasé (ROA) y°ntemleri kul Il anél ar
formansl aré karkél akt érél mékténa- Toplu takéma
iz °ncesi bekl enen bir durumdur. Ancak, anali
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mevcut ol dunjeukntue ddiers.t ekHnel ak fi yatl aré ve bunl a
raklaréna ol an mesafelerin arasénda zayeéef ve
dan dol aye, l ineer regresyon model]i el e al éna
zayéf performans g°stelrarecygk bdlhudktamewlt @m . mROAl |
i se daha d¢zensiz bir performans g°ster mekted
réendan 2000 metre wuzakta olan emlak fiyatl ar €

900

mans é, 2 metre uzakta ol an emlak fiyatl ar éi
man&termi Kt ir. Gel ecek -al éeékmalarda ROA gi bi
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daha detayl é veri setl eri kull anél arak model | ¢
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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 investigatiaapic. 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 wityi 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 BRonstand 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. Howeer, 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 distees 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 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, $Riedvs 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 inthe 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
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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
onthe relationship between transportation systems and property prices (Ragsoz

kin 2010, An et al. 2010, Pagliara & Papa,

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 legtvitee 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. 28@iBafa & 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, Btartin

& 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
(MunozRaskin 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 baetermined. 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
technigues. RandoRorest 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 al2018) using RFA. RFA is collective learning tool and it tolerates

the inconsistent outputs of decision tree models and extreme learning problem (Bre-

i man, 1994) . One example of the wusage of
(2006) about genetic selamt 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 oth@opular 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.
Differentvalues 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= U axg+ bbt 2B+ 00+ 0 (1)

Where,® is the dependent variable,andf are Constant coefficients of the
Variables and refers to the error term. In this method main purpose is defining the
relationship betweel andY by using the coefficigts. 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 independemtl@iis 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 thefinal 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 nitiple 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.

Original dataset

h J

Generating subsets
by sampling with

replacement
o
I Al
Subset 1 Subset 2 Subset 3 -1 Subsetn
¥ ¥ L 4 L4
Random parameter selection
¥ ¥ L 4 ¥
Sub-model 1 Sub-model 2 Sub-model 3 p-----1 Sub-model n
¥ ¥ h 4 L4
Collective model

Figurel. The process of generating a random forest model.
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The original dataset is divided into 2 subsets based on@epeemined rule:
training and testing dataset. Afterwamisubsets are generated by sampling with
replacement from the training dataset.ngseéach of these subsets and selecting ran-
dom parameters 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 rand@onest 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 ReaEstate Dataset

For constructing thisealestate dataset, multiple rezdtate agencies in the
Beyli kd¢z¢ region have been visited. Accur at
the realestates were collected. Bird flight distance between the location of the real
estate and the closest nwtus 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 read¢state and metrobus station distance. The most expensive and eco-
nomical houses cost 4,650,000TLdalB,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).

dpeli

Jas0E

2uels

Price of real-estate (TL)

T

Des 00

Distance between metrobus station and real estate (m)

Figure 2. The price of real estates for different distances between metrobus stations
and eal 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 performanadéshe 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 gsa 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 betweenptielic 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 outcem

014 06 08

Korrelation values

0.9

008

006

T T T T
1500 2004 2500 300
Distance between metrobus station and real estate (m)

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 resitate and the metous 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 onbgtiaals that
are 1500 meters away from a metrobus station were considereds Asstance inc-
reases, the error values also increased in ammmiotous 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 regsion models in different scenarios.

Maximum distance that is con Number of real estates cons

sidered (meters) 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 resdtate 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 whehe maximum distance between reatate and metrobus sta-

tion is 2600 meters. However, when RMSE values are considered the model genera-
ted when the maximum distance between-estdte and metrobus station is 2000
meters is the best performing model. Byng 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 facttheatiataset 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 datasest be generated.

Table 2 Performance of the random forest models in different scenarios.

Maximum dis-  Number of Explained vari- RMSE of the Sub- RMSE (TL)
tance thatis  real estates ance (%) sets (TL)

considered (me- considered

ters) in the sce-
nario

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 changegregularly 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 cannotapture 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.

RMSE (TL)
120000 120000 140000 150000 160000 170000

* RO model
* |ineer regresyon model

T T
1500 2000 2500 3000

Distance between metrobus station and real estate (m)

Figure 4. Tle 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 restlate and the metrobus station and the neighbor-
hood that the real estate is located. Linear regression and random forest models were
selected ad their performances were compared. The expectation was that as the dis-
tance between the reastate and the metrobus station decreased the price of the real
estate would increase. However, the correlation analysis that was conducted before
developing thenodel, 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 aalysis showed that there is a very weak and-lmmar relationship
between the real estate price and the distance to metrobus stations. Therefore, the
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' inear regression model s error increases as
ases. The performancéthe 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
as the one moves away from the Metrobtagions, 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 inftionaare 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 linearresgion 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-getermined dependent variable can be sor-

ted. This will show that which variables are more imaottin 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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ALTI NKEHKR (ADI YAMAN) B¥LGESKNKN
TAKI MA G! C! HARKTASI

Dr . ¥yjpsiMe hhmet S¥YLEMEZ
Adéyaman | niversitesi

¥ZETAdéyaman kKehir mer kezi , Adéyaman ¢niver

2006 ykRuyardanhéezl é n¢gfus artéeké, ¢niversite ka
gi bi i nkaat yapeélaré bakéeméndan sg¢r ekl i bir g
yeni yapélakma al anl arénén olukturul maséné zor
konumu ile zemenakoémanol sae&iyesiy durumu zemir
gésce¢ kapasitesini etkil emektedirler. Bu -al éx
ténkehir (Adéyaman) semti i mara a-€ék alanéneén
yapmakt eéer . Altéenkehir ( Ad é vy a nedleri) semtindeki Z
°zel firmalar taraféndan a-élan 103 adet sond
manén akekéeé; Al téenkehir bl gesinin topografik
gruplandér él masé, ikKlenmesi ve -izilmesi yo°nt e
gesinde,farl@ par sel |l erin sondajl aréna dayanan 103 z
mi kK ve bu parsellerin nihai zemin takéma kapas
Sonu-1 ar , izin verilen nihai takéma kapasites
dej er i ol dujuen yekbakateheitrhnl8,9 t [/ m2 ol
termektedir. Bu veriler analiz edilerek 1,4 metr e derinl i kt ek zemin t
géce dejerl eri sahanén 1/20000 ©°1I| -ekli topojr
programéyla ek takéma @grneac¢cgdejehberifadbéroleukti
turul muktur . Bu haritalar -alékélan t¢gm al anl e
nelarak ver.i i -ermeyen alanlar i -in yakI|l akek

Anahtar Kelimeler: Zemin, Takéma g¢c¢ haritaseée, Adeéey
hir

SoilBearingCapacity Map of Alténkehir (Adéyaman)

ABSTRACT: Adéyaman city has been facing a fast
and continuous development in constructions such as university complex, ho-
tels and bridges since the e66tThibl i shment of At
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 Alitrenkdedreyaman) district area. Bearing capa
Kehir (Adéyaman) province from 103 borehol es ¢
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their soil investigation reports were used in this research. The performed met-
hods are: collecting, selectingrouping and plotting the data location on to-
pographic Alténkehir map. I n the Alténkehir r e
on drillings of different parcels were examined and the ultimate soil bearing
capacity values of these parcels were taken inisideration. The results show
that the allowable ultimate bearing capacity range is the lowest value 14.5t/
m? and the highest value is 18.9 t 7 for this area. These data were analyzed
and plotted by NetCad on 1/20000 topographic map, and4lrheters deep
soils allows for the ultimate bearing capacity created map. Those maps cover
all the studied areas and by using contour lines, approximatesvar nedata
areas can be obtained.
Keywords: Soi | , Bearing capacity map, Adéyaman,

1. GKRKK

Temel, yapénén ajérl éejéené zemine aktaran 'y
inkaa edilen t¢gm yapélarénmsaki takveri@déeketBli
t emel |, uygun yapeé ile onu destekleyen zemin
minin takéma kapasitesi m¢hendi sl i k yapeéel ar €
m¢hendislijinde zeminin takéma tggkgma o zemin
kapasitesidir Zeminin takéma g¢cé, t emel al
gereken maksi mum temas baséncéder . Sénér tak
maksi mum basén-teéer, emin takéma g¢c¢é i se, s é
sérfd ¢nmesi ile el de edilen ve m¢ghendisli k vy
lanélan dejerdir.

Her hangi bir m¢ghendisli k tasaréménén i nkae
takéma g¢ceée -0k °nemlii bir faktorde¢r. Takeéma
lendr i | mesinde uygun kull anél masé, yapénén din
yenil meye, g°-meye ujramadan g¢venl e i nkaaseé
m¢hendisli k yapésé temelinin kendi aj érl eje
ket i y Klel edraey aln@ mé zeminin takéma g¢ceéene ba
Her hangi bir yapénén inka edilme s¢recinde Kk
nusunda uzman bir eki be, yorucu, masrafl é& ve
yul ur . Bu nedkeénlye,r llehimr ladrachl ar énén hézla g
geotekni k uygul amal aré a-éséndan ¢(stesinden
nén daha ©°nceden kestirilebilme ihtiyacéné o

Zeminl erin t ak é mdpegegasyon (SRTY, ok pdnetrast a n d
yon (CPT) deneyleriyle veya | aboratuvarda ©°r
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sonu-laréndan el de edilen m¢ghendislik ve fiz
renda kullanél é&p hesapualdddaséeyl a el de edilir

Zeminlerin takéma g¢cé, zeminlerin kohezy
gunluk derecelerine, kuru ve doygun Dbirim aj
kitli fakt°rlere bajléedéer (Freeze ve Chery,
yap&neén depremlerden zarar g°rmemesi i -in uycgc
se-i mi, tahmin edilebilir (Santamarina, 201

Zeminlerin takéma g¢c¢ hesapl amal arénda h
°nceden tahmin etme venadeikeéi maldajrsodomiaumuh
edi |l mesinde bu -aléekma bir m¢ghendisli k gerek
mini °ner mektedir

2. MALZEME VE Y¥NTEM

Adéyaman merkez il-ede ikamet eden kiKki s
sayéeména g°re nmarBlk8Bi nkem® - kmehantéekeée ve °zel
Adéyaman ¢niversitesinin kurul masé sonrasénd
tir (TUKK, 2019) .

Bu n¢gfus artékenén begegyéek bir késmé ¢niver s

<

Kehir mahal |l esizndded eylamamt Urn.i vidersd t esi nin ku
yéll arénda Altéenkehir mahall esindeki genik t
birlikte yapélakmaya a-€él mék ve héezla bugg¢nk
2).
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kekil 2. 2018 yéléena ait Altéenkehir mah

Bu -aléekma, Alténkehir (Adéyaman) mahall ec
pelan SPT verileriyle hesaplanmék zemin take
rafi k harinasiékl,enmesi ni ve eK takéma g¢ce e
mektedir. ¢alékmanén ol gunl aktéreéel masénda -

¢tizelge 1. Altéenkehir mahallesinin takeéem

-al ekxma progr ameé

Altingehirde yapilmig parsel bazli zemin
etiit raporlarma ulagim

Y
1/1000 olgekli dijital topgrafik haritaya
ulagim

Y
Zemin etiit raporlarindaki emn tagima
giicti degerlerinin 1/1000 dlgekli dijital
topografik haritaya iglenmesi

A

NetCad programryla es tagima giicii
haritasmn gizilmesi
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taléexkmalanaoénénm-ekl: dijital topojrafik
resmi ve °zel firmalar taraféndan yapeélan pa
Bel edi yesi Fen Kkl eri M¢egderl ¢ ¢nden al énméxt
A4 Dboyutundabig?®gsitleerriimm nédset ¢ste -akékmasénda
1/ 20000 e indirgenmiktir (kekil 3).

ALTINSEHIR MAHAILEST

OLGEL:1/20.000
kekil 3. Alténkehir b°lgesinin 1/20000
Alténkehir b°lgesinde farkle parsellere a
min et ¢t ernamp «r wei rbauelparsell ere ait zemin t¢r
deneyl er sonucu bulunan zemin emin takéma (¢g;¢
l erin en d’meiye k4] Fh @déempli8a Mmawtmer (kekil 4)
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ENH
14.5-16,5t/m?2
16,5-17,5 t/m?
Olgek : 1/20000
.17,5-18,9L"m2
kekil 4. Alt&hReOo00® bPkgeakaeama g¢ce¢ hari
3. SONU¢ VE ¥NERKLER
Alténkehir b°lgesinde farkle parsellere a
min et¢t raporu incelenmik ve bu parsellere
deneyler sonucu bulunan zeminenank € ma gg¢c¢ dejer |l er i 1/ 20000
haritada ilgili parsellere iklenmiktir. Pars
Cad bil gisayar %aprraolgérkalmaéryll aa €Ok, 1t atk/émma g¢c¢ e f
tur . Har it aya i K¢keegnkmi ke jbeur legrrii |ledr.i5 te/nmz2d, en
t/ m2 olarak -izilmiktir.
¢al ékma al anéndaki eK takéma g¢c¢ haritas
et ¢t raporlaré hazéerlanmamék parsellerin tack
dan, yapélacall azemian tetmegtl n a&pdi | edecek zemi
rinin se-iminde yol g°sterici olacajé umul ma
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KKL KC¢ERKJKNBEOZEKRBNKL
ARAY! ZEYKNDEKK KAYMA PARAMETRELERE
ETKKSK

Dr . ¥jpsiMe hhmet S¥YLEMEZ
Adéyaman | niversitesi

Sel -uk ARSLAN

¥ Z E B -aIéKmada °rge¢sez geotekstiol bir mal:
zeminlerde kayma d¢gzleminde i -sel s¢rtéenme a-
sinin nasél ol duj u t easnpai-tl ae dsialf mekyuem, - asl aéfk eklinié kv
belli oranlarda kunk i | karéktérelarak elde edilen mal zen
deneyl eri yapeéel méexkteér. Deneyler 60160 mm kesme
artéerélarak veya azaltélarak geaf-eklexktiril mi
rumdadeéer . ¥nceli kle deneyl erde belli bir or al
farkl & nor mal geril me altéeénda kesme kutusu der
sel s¢rtéenme a-€sé ve kohezyonu belirl enmi kKt
ayné nor mal gkeutiu meer aal @ stintdian é k60T 6 0mm geot ekst
kesme kutusu deneyl eri yapeéel méek, i -sel s¢erteén
mi Ktir. Far kl e i ki akamada ger -eklextirilen d
i -sel s¢rtéegnme a- é€es éné miaimKagna deglinené ve buna da
sine olumlu y°nde et ki ettiji tespit edil mickti

Anahtar Kelimeler: Geotekstil, Kesme Kkutusu, K-sel
Kohezyon

The Effect of Clay Content on Shear Parameters in the Surface
Geotextile Interface

ABSTRACT: In this study, t 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 materialmeathy either pure
sand or pure clay or sarothy 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,
shearbox 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 undertsame 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 detetddcrease 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. GKRKK

Geotekstil, Knsan yapésé D& rol prrajke ,t eymeed é
el emane, zemin, kaya ve toprakla veya geot ek
mal zeme il e kullanélan ge-irimli tekstil oré
uymayan fakat geotekstil yerahe gagdnagebnhek
baka, kerit, h¢gcre vs. kKeklinde dijer mal zem

Geotekstillerin kullanél maséyla bazé yape
ol mal aréna rajmen ger-ekte g°-me ol madan st a
leremar uz kalan kaplamaséz yollarda ya da buna
geot ekstil serilerek korumaya alénérsa yapeéen
térmaktadeéer .

Zemingeot ekstil ilikkisinin daha iyi anl ake
gelirumekt edir. Geotekstilin davranékénda kend
lunduju ortamlada ilikkilidir. Yapel
méneé sajlamaktader. Detayl & tasar e
dir. ¥Yrewoweéejeikisti lin bulunduju yerlerde
ril me hidrostatik, mekani k ya da bakka et kil
artabilir. Barajlarda ge-irimsizl:i in kil -e
l anmaktddeéeuouml 8uda -ekirdekle kaya dol gunun t
hassasteéer. Nedeni i se, bu b°l gede y¢ksek su
ril mesi yojunl akmasé sebebiyle de kéreéel ma ol
masé halindedidlek gjytee eall @ dmal &adér .

an -al éx
, arakter

e
m
d genel |
a
)

Geotekstillerin pek -0k geoteknik m¢ghendi
ebi, iletikimsizlik ve yetersiz bilgilenmed
l an sentetik polimerler de yedsiglgi nce taner
yada geotekstilin kullanélmadeéejée ¢l kel er
iJoi kafal aré karékt érmaktadeéer . Bet on, - el
e

benzerdir ve kolay anl akéeel éerk.siFkakiati geo

- T Q S5 T

é
¢
i
[
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projecileri kx¢pheci Dbir davranéka zorl|l amakt a
uygulamada ol ar ak, hem de tasarémda ol arak
ol uUKmMuktur . Farkl e geotekstill ersteler tekni k © z
projecilerin iklerini kol ayl aktérméxteéer (lng

2. GEOTEKSTKLLERKN MALZEME YAPI SI VE SI N
MASI

Poliamid, polyester, polietilen, polipropi
bitg¢m, kl orimkstpodl hatmmaedel geot ol arak sayel

Geotekstilin yapésé iki ana el emandan ol ut
tir. Fiber, b¢eke¢elebilirlije ve incelije sahi
edilen bir mabeleimeldi rbi Kplz knli sjea sahip, kK¢ -

m¢kK ya da be¢egkel memik fiberlerin montajl anmeét
getirilmik keklidir (¢oruh, 1993).

Geotekstiller yapém teknijine gére, ©°rgge¢l .
neflandér él abilir. (kekil la, b) .

(b) ge

Bunl arda kendi i-erisinde yapéldeéeklare ipl
réel éer. ¥rge¢l ¢ geotekstil geometril ol arak te
kesi kli film tipidir. ¥rg¢seéez geotekstiller
nar ak, ésél , ki myasal ya da mekani k birl exkti
¥rge¢sez geotekstiller; i plije don¢gktegr el m
tutturumuk, dojal yada sentetik, kesikli yada sol
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kekil la da verilen °rg¢sé¢z geotekstil,, - exK
(°rg¢seé¢z ijneleme, kimyasal, ésél vb.) ve -e
Karmatkaa, aj ya da ke-edir (Sajlam, 2009).

Y¢ksek -ekme mukavemetine sahip °rge¢l ¢ gec
siz i1plik i-ermektedir. Kplijin t¢egm tekni k €
mal arda y¢ksek mukavemet | rdakiipkklerdiebirired i | i r . ¥r g
di k a-éyla ya da farkle a-élarla bajlanabildi

2.1 Geotekstillerin Fiziksel ¥zellikIleri

Geotekstil cretiminde kullanélan bazé pol
ajéerl ekl ar e; Pol®iPplyesiep + 1221380 kg / @INaylokg / m
10501140 kg/m, Polietilen = 92060 kg/ o | ar ak sér al anabilir (Ben

Geotekstiller i-in ¢retiilm ymmgélvac @&k daalegi.r
Geotekstilin boyu ile ilgilii shteejheanlbga] Ib& dérs.t
Mal zemenin boyu ve eni hassas olarak belirti
di kkate al énmal édéer (Benek, 2006) .

Birim al ana d¢ ke n ?snfekigrang dinsindgnenaltemek st i | i n 1
mi ktarédeér. Gened680gkl/ en)] gaotskatdnl Lbeet LBbT . B
sénda geotekstiller en verimli sonu-1I|laré ver
|l ejéeyla dojru orantel éeder . Genellikle °rge¢l ¢
yecksek dayanéml é ve.daha ajérdéer (Benek, 2006

Bel irli bir basén- alténda geotekstilin a
|l enl éjéné verir (¢Cizelge 1) :1G0enmmlarkd ®émg-eot e
dader (Benek, 2006) .

¢izelge 1. Dokumanén kaleéenl é&je@aneén ©°1 - ¢ mgl
(ASTM D1777)

Malzeme Tipi Basén- Aral ej
YUMUK AK 0.03535 g/cnt

ORTA 1.4-144 g/cnd

SIKI 7-700 g/cm
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Ki |
2.2 Geotekstillerin Gerilme Deformasyon KI
Geotekstillerin geriimal e f or masyon i | i kK ki iplidarin , iplikler

geotekstili nasél bir i1 kKklemle olukturdujuna

4 Gerilme (N/mnd)

polyester

1000 -
poliamid

500 -
— = = =  polietilen
0 10 20 Deformasyon (%)
kekil 2. ¢Cexkitl i decaivnrsa niépklliakrlée r(ictno ryuhk 21u9z93n
Geotekstiller gé¢negmegzde; Kaplamaséz ve k.
l erinde, demiryoll ar énda, barajlarda, asfalt
nal ar da, Kev ve kéeyé korumakeamnédamada sweisiungdak
téemé gibi bir-ok alanda kull anél maktadeéerl ar
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f

kekil 3. a) Kaplamaséez yollarda b) kapl am:
d) demiryollaréenda e)Barajlarda f) asfaltalt

B3MALZEME VE Y¥NTEM

Deneyde kullanélan geotekstil ker-éll e ke
Ajéerl éej’® kKO6Ppmag/ mukavemeti imalat y°n¢gnde 520
N dur. Geotekstilin kopma uzamasé yaklakéek o
npe di k %50 dir. Geotekstilde kullanél an mal
l'iami dotir. Geotekstil mal zemenin keér-e&el |l é& s
ménén y¢sksek ol masé ve zemin tabakal areée aras
Kekil diinglg @t e ¢ ken birim ajérl éjée artték-a ya
direnci artmaktader . Bu sebepten °tg¢gr¢ -al éx
mal zeme tercih edilmixktir.

Deneyl erde kullanél an kum, tanlde b¢eyeéekl ¢] ¢
se-i Il mik ve USCS'ye (Birlektirilmik Zemin Seé
recelenmik kum) ol duju tespit edilmiktir (kKe
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120
o 100 f
©
a
g 80
c 60
()
o 40
O

20

0 .

0,01 0,1 1 10

Tane- apée, | og D (r
kekil 4. Kumun tane -apéna g°re ge-en

¢al ékmada kullanélan kil s merkdanicd t i pi bir
smektit (montmorillonit) oranénén %51, it
mestRBay-a ve ¢i-ekym?2l0dB8égkeéeneg mykdadel eri nde Kk
deneyl eri yapél dé. Kesme kutusu deneyl eri %
lanm®d®mr aki her bir deneyde, kil orané% 10 ar
tir. Son ol ar ak, deneyl er % 100 ki l numunes:i
kil i zemin karékémlé zemin numunel eri, 27 . 2
altendekgark®emiéeyt erde bil gisayar kontroll ¢
tusu cihazé&ckkklilla®dél mékt eéer
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kekil 5. Bilgisayar kontroll ¢ kesme Kk

Bu deneyl er sérasénda geotekstilin deney ¢

kesitinedenlget i ri |l memesi i -in, en b¢yeée¢k kum taneci

bir ©°1-¢de, yaklakéek 2,5 mm daha alta yerl ex
ik

Zemin mumunest

Hareketli blok

=> + i Georekstil

Kavma kuvveti

Harekeli blok
Stkma blok

‘ AN
kekil 6. Geotekstilin kesme kutusuna yerl et
(Anubhavédan dejiktirilmiktir)
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4 ARAKTI RMA BULGUL ARI

Geotekstilin killi kum zemin arakesitindeki kayma mukavemeti parametrele-
rine etkisinin tespit:@i i -in, aray¢zeye geot
suya doygun ortamda kayama mukavemeti parametreleri kesme kutusu ile bulun-
mu K tKiers.me kut usu deneyinde kum numune Vy¢iksekl
olarak se-ilmiktir. Sonu-Ilara g°re normal y¢
nenin % 30 deformasyon dejerinde maksi mum ka
kil 7).

100 T

904+ =t=nor mal yg¢lk=27 2
kPa

80 +
70
60
50
40 iy u—-a—-a——-—-n
30
20 +— —
10

O'V

0 20 40 60 80 100
Deformasyon %

Maksimum Kesme Gerilmesi (kPa)

kekil 7. aNdremalla ydkedf yormamagseyroinl me s i il i kkisi

Zemingeot ekstil aray¢z mukavemeti, bazen ze
kavemetinden daha b¢y¢k ve bazen de daha kg -
zemin numunelerinin tipinienive Q7 alkleisklt ¢rei kel

dej i kir. Bu -alékmgeatebaré!l danmaylerege dkumn
kayma dayanéeméndan daha y¢ksekken dijerlerin
lerinkilFkk um or anl ar éndaki far k|l él é& kd rag ddaank i bakk
farkl el éeéktan kaynaklandéejé d¢egkenegl mektedir .
kPa nor mal geril me altéenda ajérléek-a% 90 kum
sinin maksimum kayma geril mesi 28. 1 kPa ol at
t éenadat gk st i | kullanélarak bu sonu- 23.9 kPa
munel erinin kesme kutusuna yerlextiril mesi,
kil idir. Bununla birlikte, grafikler di kkat |l
gunluk etkisihi n azal déjée g°r¢l megkter (kekil 8,9, 10)
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30 ¢ ; ;
# %100 kum+2%0 kil
%90 kum+%10 kil K 1
25 +- _ i PN ¥
A %80kum+%20 kil . +* v
2 X %70 kum+%30 kil ¢
& 20 - S5 U S N— -
= *9%60 kum+9%40 kil | 4
g %50 kum+%S30 kil
g ¢ A, A
T 15 T ops0 kumiosso kil | A A T A A Ay AT A
oo S i
- - P i
R N N T LR EERY
510 + el R ; .
3 SE T LA SR |
*§%§§;ln sexxnxgtnly
s & R R
o=272kPa
0B | i i i
0 10 20 30 40 50 60 70 80 90 100
Yatay deplasman %
kekil 8.0 = 27.2 kPa nor mal
numunesinin kayma direncine etkisi
50 L T T
+ %100 kum+ %0 kil
45 + ¢-*--* P
B %90kum+ %10 kil . * ¢
40 = 4 9%680kum-+ %20 kil *
H <. 0, o, ] ’ 4
% 35 — % %70 kum+ %30 kil * RK % e
T 50 L X%60kum+%dokil _® _iK X g
£ ' X o v e,
E © %50 kum+ %50 kil -~ X e : '
% 25 - - S i B B
] 9640 kum+ %60 kil n "l '
g 207 930 kum+ %70 kil ‘ x A A AA A A A4, an
R H_h 2 g 8.9 0.9 e ' -
? o BEXx - XTXTR KR
10 —— B3 0=54 4 kPa
°
5
0
0 10 20 30 40 50 60 70 8 90 100
Yatay deplasman %
kekil 9.0 = 54.4 kPa nor mal

numunesinin kaymdirencine etkisi
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10’0 T - rT--=-=== T B B i I i | | T===-==" T T T a
%100 kum+ %0 kil | | | | | i |
90 T m%90kum+ %10 kil ~---3-1 - o I e Sttt S
so | Avsokums o0kl ty #1® T %1® 40 é, 4
% %70 kum+ %30 kil ¢ | ! ! | | i !
T 70 T K%60 kum %40 kil —{r-m oo b
2 ©%50 kum+ %50 kil | i ! ! ! i !
= 60 - 4------ m-———-- -----= r-----= r------ T--——-- 1
g %40 kum+ %60 kil | ; ; ; ; ; *
T 50 + -%30 kum+ %70 kil -1 gy B E-B g
= ] ] ] 1 ]
g N L %zﬁ*!'j
] - e - B BT s —— = Foz———— Fomz——= Fo————= +---—
SR I A L it TR Tnles Bits B B B
o i ' ' [ ' ' ' |
BREA LIS IE T L o
R e e e e e e e
X A : : : | 0=108,8kPa :
B A o M
0 B i : : i : : : : i i
0 10 20 30 40 50 60 70 80 90 100
Yatay deplasman %
kekil 10.04G = 108.8 kPa normal gerilme alté
numunesinin kayma direncine etkisi
Ni speten % 10, % 20 ve % 30 gibi daha d¢ky¢
erinin Mohr coul omb vyama |dnek ¢zka rifkleanr,& nkéinl eij-iemm
olan kum numunelerinde bu ejim artméxkteéer (ke
arttek-a Mohr Coul omb yenilme zarfl ar énénén
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g e 0 t-colamb yenilme ar akesi t i

I or agebteks-é dej i Ktir
s

mukavemet i

100 p=-mmmmmmmes T R [ HE— 7T |
¢ %100 kum-+ %0 kil ; ; ; ;
%0 T m %90kum+ %10kil T P e TR !
g0 | A %SOkum+%20kil o [ S !
X %70 kum+ %30 kil
70 - bommee - ool o :
. ¥ %60 kum+ %40 kil | ' | !
o | i |
£y | | !
=60 + @ 950 kum+ %50 kil --------- St S BN !
@ ! | :
g %40 kum+ %60 kil ’ ! :
gse 1 T T e Pl EEN !
L) |
? 9530 kum+ %70 kil ! i
ga0ld 0 L N !
g a = a a
M : : : :
ET J S b I LI N
L s e o I a
R b e e e a
0 i i i i i |
0 20 40 60 80 100 120
Normal gerilme (kPa
keki.Doytthuk zemin ve
zar f e
5. SONUC¢LAR
Bu -al ékmada, kum ve ki
til araye¢z direnci iczerindeki et ki
kuimnumunel erinin arayg¢zey
lar kil i -erijinin artékeéna
mi n aray¢zey davranékénén tipik ol

risine benzer old | u

mum aray¢z muka

z
I

— <

e
e
a
5]

mi n

numunel er

nmektedir. Ar
kl akék % 15't

nda,

kum or an

vemet i

ni

n ka

bul gul aréndan
artar

y ma

[ deneyse
suya doy

bajl @-deneysel S

arak ker e

anl akél makt ader . N o
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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 moderrribaghesi-
dential buildingssuggests an increased risknofijor consequences resulting
from fire hazards. This indicates that the ability to mitigate the threats posed by
fire to highrise building residents should be of primary concern and surpass
the minimum safety criteria. In view of the challenges faced whedelling
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 theegress 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 préde additional guidance to building designers and re-
searchers in the field of performardoased 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-hgghbuildings 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 aroevdotld 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-
ropeand given the current continual growth of urban population antintited land
resource, highise residential buildings will only continue to increase in number in
these growing cities.

Evacuation of people can prove to be a complex task, @hdhigh-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 outbidakertheless,
even if rare in occurrence, the event of fire in tall residentiatimgis 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, J&elitding
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 thefighters themselves could be any 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 higge 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 ohlternative evacuation strategies such as defepthce 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 | east the social and fire
2001). Although the majority of published data used in fire engineering application
comes from a small number of countries with broadly similar backgrounds (&alea
al., 2015), the need for justifiable use and extrapolations of the available data has
prompted efforts to establish a database for evacuation parameters (Loeteglio
2016; Shi et. al., 2008Factors contributing to egress performance relate primarily
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to the characteristic features of the buildi&plea,et. al.,2008; Maet. al, 2012

and the behavior of the evacuedsa(et. al, 2012) Occupantsdé exposure t
fluents produced by fire in a burning building can exact influence on this movement

behavior and choice of exit routBryan, 2002).The choice of exit determines the

travel mth 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

|l argely restricted by the buildingbs archite
the luilding 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 beikigh
buildings. The prescriptive codes currently in use have evolved from previously
adopted design philosophies. The US codes, for example, design exitpdoityca
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 Asuffianiaremand t o pr even
bl ocking trafficd (Bukowski, 2009) . Ot her r ¢
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 occupdlow 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 foeribggbuildings.
Lifts are only used for firdighting purposesand 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 adilsson, 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%penson based on a slight
reduced total area known as the O6gross | easa
load factor of 20 fiperson 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 higkrise 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 Egnesgs ASET, which is
an outcome of fire, and Required Safe Egress Time, RSET, the outcome of evacua-
tion. As the performanebased approach has taken hold in the design process for
reducing risk to an appropriate level, both of these quantities neednithbeeter-
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 prasgs®-h
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 tectology 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 emedyeach relying upon a fixed set of assumptions
and physical and chemical principles that can be used to preditaghever fires.
Among them is Computational Fluid Dynamics or CFD model, a highly sophisticated
technigue that numerically solves a thaeraged or spaeaveraged 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 (Wangt. al, 2005).

The likelihood of fire initiation in a higtrise 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 tHefor or below (Hall, 2013). Also, furnishings common
in resicential 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 (Blas al, 2019). Radiation plays an additional role in the
buming 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, irrisgbuildings,

the location of the fire along the height of the building is key in determining the
nunber 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 (kKaibat 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 thenipdens
of minimum widths for stairs, corridors and other egress components @Raals
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, recagien
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 (Gatyaine
2015). In general, behaviors during two broad phases of evacuation can be observed
(Purserand Bensilum, 2001). These phases arespeeuation 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 residetial buildings exhibit higher prevacuation 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 N#son, 2013). The prevacuation 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 thane 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 C&ak2@08).

In modelling the presvacuation times of occupants, jglefined 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 onlinterna
and external factors, although this is rarely implemented in current computer models
(Lovreglioet. al, 2016). The type of alarm system also influences theyseuation
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time (Shiet. al, 2008). Several activities, cognitive and physical, occur duhiag
response phase and the fire culture, namely alarm system, and the social culture, are
some of the main determinants of the response phase behaviorsgiGale2015).
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 anlargnal distri-

bution (Forssbey, et. al, 2019; Galeat. 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-pvacuation time during evacuation. A

correlatonhasbee f ound bet ween occupantdos verti

pre-evacuation delay (Kuligowski and Dennis, 2009). Occupants on lower floors dis-
play higher preevacuation times than those above. An evacuation that involves peo-
ple on higher floors reachirthe stairs before those on the lower floors will result in
gueues 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 pgle 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 capabilityd account for congestions. Advanced computer models
are able to represent these complex interactions between evacuees with their envi-
ronment and with other evacuees (Gwyehel, 1999: (Ronchi and Nilsson, 2013).
The early computer models created toldate the evacuation problem evaluated the
delays resulting from queuing during movement did not represent the location of the
gueuing (Oven and Cakaci, 2008). Transit from one egress component to the other
results in additional evacuation time (Mt al, 2012) and for tall building evacua-
tion, research also show a decrease in the average speed of evacuees during the pro-
cess (Maet. al, 2012) (McConnelét. al.,2009). Using an agetitased model devel-
oped later, the flow of the occupants and their mergirocess at points of contact
can be investigate@alea,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

148

cal



Yangén Kor @livig&akaek Katl & Konutl arda Tahliye

by the fre which include heat, irritants, and other fire hazards. Crucial in the utility

of fire models is the spatial and temporal prediction of temperature and dmake.

tall residential building where the evacuation is more vertical than horizontal, occu-
pantscoming 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, C&, CO
and the depletionfmxygen (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 affectingtheacp ant sé6 choice of exit and irrit.
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 l@fdétsicity 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 desartheddpaper, the
Turkish demographic has been used to construct the simulation model in the EXO-
DUS evacuation model (Galea al, 2015; Oven and Cakaci, 2008). Tdezupant
characteristics thajuide the simulation include agility when an obstaclesoan-
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 pdoglevacuation with heat and
narcotic gases taken into account can also be considered. In the present andlyses, bot
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 3D years and 20% aged-B0O years. Thagility, 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 occupantsareaatiomly 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 distribufidheofire 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 distributiohigh-rise buildings in
Istanbul falls on a lognormal distribution function. The floor number of the buildings
is also represented by a fagrmal distribution. To represent a typical tall residential
building in Turkey, the mean value has been utilicedhe area and the 99ercen-

tile for the height of tall residential buildings. The tall building selected for the case
study is 45 floors above ground with 840itoor area. Figure 2 shows the floor lay-
out of the higkrise building under investigation. Each floor has 4 apartments with
two exit stairways. There are 43 occupants on each floor Witmé 29' floors un-
occupied as they are utilized for mechanicaligapent, which makes a total of 1849
evacuees. The architectural plan also conforms to the Turkish Fire Safety Code.
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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 fronthe 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 timeslapsed at the point of exit out of the building is given by Haaiy.

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 eachlbor). 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.
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Figure 3. Egress of (a) Scenaric Aandomlydiverse behaved occupants and
(b) Scenario Bhomogeneously 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 representationtbe 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 @&fsn 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 wouldvusabeen if Figure 3b scenario is considered.

Table 1. Egress scenarios.

Egress Scenarios . . Number of oc{ Total Egress | Number of
Fire Fire Floor . .
cupants Time Casualties
Scenario A no - 1849 1766 secs -
Scenario B no - 1849 1682 secs -
Scenario C yes 29h 1849 1143 secs 640
Scenario D yes 6" 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 airs 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 spemluring 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 att=0 20eC 0 0 0
Value att = 1000s 120e( 43.50D/m 100 ppm 100 ppm
Value at t = 2000s 220e( 870D/m 200 ppm 200 ppm

To investigate the effect of toxgases on egress, simplified linear fire growth
assumptions have been made regarding CQ, BON 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, onevdhich 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 2%floor space to the stairways. HCN and CO toxic gases are
measured in particles per million (ppm) and smdkesity is measured in optical
density per meter (OD/mhs Figure 4ashows, 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, nougzant 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 3Floor has resulted in 35% casualties.

In Scenario D, the fire occurs on th& fioor. As shown in Figuretb, 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 safdty. In a
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 effectdn 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 hatseen 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 & floor means that more occupants will be subjected to fire effluents,
hence the casualtiese found almost on each floor above tfidl6or. 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 ingficient 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 cominquostly 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 AJlhis 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 inconsequentialtbe 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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5. CONCLUSION

This paper has explicated the concept of egress in aibighesidential 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 senario of evacuation from the higise 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:

A For highrise evacuation, time spent on eélolr varies considerably, gen-
erally it increases nelinearly towards upper floors. This indicates larger
RSET for upper floors, hence larger ASET is required for upper floors.

A 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.

A 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 per floors are incapacitated as they pass stairs in
fire floor range.

A 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 dowacupants 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 otdanore appropriately describe this phenome-
non. Theoccupant 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 ihasttypes 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 citywide risk assessment, more complex highreler models consider-
ing other unique features of a tedsidential 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 higge buildings, which can be applied
to further study the issue. Occunpps 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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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 direttgy 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 operationatess 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 posjistgm. 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 tovariances 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 scHieduproblem. 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 evegk wvere 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 impemented 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 phéstorical 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
buses was everywhein 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: Oldtype minibusesvwww.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 rfinses 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 repsents 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. Currentyhé 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 acceptgogetihing
style. Which is the main problem between the municipality and the nsimilgani-
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 operatiiigvao
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 thishetsghedul-
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 ofd@thours and they have to be in the line waiting for a minibus.
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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 increaseddthen 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, wtame 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 biggesoblem 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
organi zati onds ortanspodation &ré differdne betaeeid differént
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 schedutetla@ 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 pesswas responsible for the planning.
They were able to check the schedules bb4veeks 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 sdbsdfithey 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 optimumolution 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 enof 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 pricasd 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 bé troutes 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 minibusegisg on A15 minibus zone. The
federation rules and schedules for the minibuses working-d® Zone.

Figure 1. The route and terminals of theiA
15 Minibus Zone (ibb.istanbul .com, 2019)

4. PROPOSED DYNAMIC SCHEDULING MODEL

The collected data ianalyzed 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 incenat 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 hetatter 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 thenthe 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 th
egual to each other.
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Figure 2:A sanple 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 totength 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 accessrtirthe
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
numbe 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 sztuling program can be adjusted to other minibus
zones than Al5. 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 demammite 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 prograidowever, an automatic replacement technique
will be attached to the program soon.
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¥ZETHéezl a artan kehir n¢gfusu i le birlikte s
yapé tesislerine olan ihtiya-ta artmécxkter. Bu
gul amal aréna sékléekla bakvurul maktadér. Daires:
peéesal avantakl akl aedenciyheedi |l mektedir. Eksen
konusu ol duju dairesel Kaft kazél arenda d¢zl e
yasla i- destek el emanlaréna olan ihtiya- aza
azal makta hem de i nkéalamée K aall maylkettd ceari. i Sdajnl ad &
avantajlarén aksine dairesel kaftlarla il gild:@
der. Bu -al ékmanén amacé kum zeminde inka edil
parametresindeki dej i Ki mi n duvesr czerinde nor
ejil me momenti, -evre eksenel kuvveti, duvar
deki etkisini incelemektir. Kum zeminih =2 4 A, 1 =27A, i =30A, =33
I =36Aduju durumlar i-in Plaxis2D sonlu el eman
yapél mék veesopuerandgrgPiskkerilerek dejerl endi
| arda duvar arkasénda 1 metre geriden baxkl ayar
bir s¢rkarj yeéke gz °négne al énméxktér
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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 structuraiffstess. In circular excavations in which axial
symmetry situation take place, the need for lateral support elements is decreas-
ing significantly compared to plarstrain situation. Therefore it provides more
economic solutions and more space for conswanddictivities. 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 foraeisl force, hoop
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force, shear force, bending momesdting on the shaft walha 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 1 =24A, 1=27A, i =30A, I =33A
gragphics. 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. GKRKK VE Y¥NTEM

tal ékmada incelenen kaft 6 m -aptadér ve
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kekil 1. Zemin Profild@
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Tablo1.Duvary ap € s a l parametrel eri

EAKNmM) | EI ( k N| w(kN/m/m) | O

Betonarme Segment C40/50 10500000 78750 4,8 0,2

Taban D°Kemesi 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-| Mohr- Mohr - Mohr - Mohr -
ulomb Coulomb | Coulomb | Coulomb | Coulomb
Drenaj Tipi Dreni¢ Drendg Dreng Dreng Dr eng
Dsat 20 20 20 20 20
Ounsa[ 18 18 18 18 18
E' 10500 14000 17500 21000 24500
3 0,3 0,3 0,3 0,3 0,3
c' 1 1 1 1 1
a' 24 27 30 33 36
q 0 0 0 0 0
Aray¢z Muk Manuel Manuel Manuel Manuel Manuel
Aray¢z Muk
Azal t ma Kpa 0,8 0,8 0,8 0,8 0,8
ter)
K Auto. Auto. Auto. Auto. Auto.
2. SONUCLAR
Bek farkl é& i-sel s¢rtéenme a-éesé dejeri [
ve deplasman dejerlerinde meydana gelen deji
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0,03
£
S 0,025 AN
Eo,oz \
£
20,015
: \
3 0,01
o
g
<= 0,005
°
0
24° 27° 30° 33° 36°
@° {igsel Stirtiinme Agisi)
kekil 6. K- sDuvasrgrdepninaes naneék éi | i kki si
0,06
E
%005 *
0,04 \
r_.-o,oa \\.
£
E \
20,02
£
0,01
0
24° 27° 30° 337 36°
@° {igsel Siirtinme Agisi)
kekil 7. K- sZed misng rdtespnimaes naa-néék €i | i K ki si
K- sel s¢rtenme a-ékéndaki artékén zeminde
incelendijinde depl asman dejerl erinde séras
ol duju g°r ¢l mektedir. Depl asman dejerl erinde
Duvara etkiyen norma kuvvet |l erde f=33A dejerine kad
f=36A dejerindeyse %56lik bir azalma g°r ¢l mg
Efj il me moment.i dej eri ise f=33A dejerine
kel déjeénda azal mexkt ér
Kesme kuvvet.i dej er | er ian dgeekri- edkél Ke¢kkteéinf ii sgel ri
me¢ Kt ¢r
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Farklée Zemin Tiplerinde kaft Davranékéeénén N¢meri

kaft kaplamasénda dairesel geometriden ka
nor mal geril mel er i -sel s¢rtéegnme a-é€séneéen
azal ma g°steren -evre eksenel Kkilassagt, zemin
parametre ol arak karkéméza -ékmexkteéer .

K- sel s¢rtéenme a-éseéendaki dejikimin topla
ki si incelendijinde ise f dejerleri attéek-a
dejerinden sonr a depl azsambmadel euj ndeki ¢ dmg Kk

Sonu- ol arak i-sel Ss¢¢rtéenme a-éesé dejeriond
duvar ve zemin deplasmanl ar énda azal maya ne
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NARX VE RELKEFFERKMNKN ML
KOMBKNASYONU KLE SAATLKK Y| K TAHN

Dr . ¥jrt. L. Emre AKARSLAN
Afyon Kocatepe | niversitesi
Prof. Dr. Fatih Onur HOCAOJLU
Afyon Kocatepe | niversitesi
¥ZET:enil enebilir enerji kaynakl arénén kull
kaynakl arén i htiya- sebebiyle kebekeye dahil
dojru y°netimini zorunlu kélméxtéer. Bununl a be
tilmesi gerekirisEtkph bBlrep?nméeni chojf runbir «kek
edi | mesi gerekir. Bu -al ékmada Afyon Kocatepe
néna ait saatlik olarak toplanan el ektrik t ¢k
nel mekter . Bu verinin mopel baamesppde wykeei mi
mevsim gibi zamana dayaleée veriler de kullaneél |
celikle Relieff algoritmasé yardéeméyla mevcut
yéeksek i likkiye sahip olan veriler belirl enmict
neartAut o Regressive with Exogeneus inputs) yo°nte
risi modell enmik ve saatlik tahminler ger-eklIl €
tahmin bakaréséna ol an etkisi incelenmik ve de
l extiril enr édenkeuyl Isaonnéul-alna y°ntemin y¢gk model | en
Karél e sonu-1lar verdifini gestermiktir.
Anahtar Kelimeler: Y ¢k t ahmi ni , NARX, Rel i eff 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, derfanthe 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 automaticegression 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 forecastingNARX, Relieff Method

1. GK RK k

yretimin etkin bir kekilde dejerlendirile
araléejéenda ne kadar ol acajénée belirlemek kri
kesa d°nem i-erisinde y¢kegn ne olacaj énén toa
l ar odrmerkl-iadi r. Literatg¢grde bu alanda yapeéel m
vd (2019) vyapteéeklarée -alékmada -oklu dojrusa
forests) ve gradyan artérélmasé (gradient b
Califormaitdi k-iygksaahmini czerine -al ékmexkl al
maneée, ay, °nceki haftaki teketim veril eri gi
|l anél dejée -alékmada t¢m modell erde %3 <civar é
ril mi ktir.

Yangvd. (201 yeni bir derin topluluk °jJrenme t ¢
(deep ensemble | earning based probabilistic
°ner mi Kkl erdir.

Bu algoritma, g°revin anlakél maséna entegr
profillerinik ul | anér . Krl anda'da a-eék erikim veri se
rilen algoritmanén etkinlijini g°stermixktir.
l'irli Dbir b°l gedeki komku etkilerini sim¢gle
yona dakamhfalm el ektrik ye¢gke tahmini i -in ye
Uzay al anénda, uzaysal konvol usyon, de¢j ¢mler
yon matrisinin ajérl éklar e, komkul arén g°rec
bu metodolojinin hesaptaa a- és éndan -ok et kildi ol dujunu
i-in olduk-a yeterl:i ol dujunu g°stermiktir.
-aléekmada késa d°nem y¢k tahmini i -in derin
dér. Ayreéca °nerkilseniydnt einche i S2nidta¢lgiacek d°
| et transform) tahmin sistemine entegre et mi
yek dejikkeni vektor¢gnden -ékarélan yeéegk ©°zni
verileriyle ¢sten t@hmdlnmeprtrfdror mansé sajl adeé

Pirbazar.i vd. (2019) késa d°nem y¢k tahmi
temlerinin performansl!| ar é-negresyom @egte®r mék |l ar dér
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sion), Karkél ékl & Bil gi (Mutual I nformati on)
yonu( Recur sive Feature Elimination) ve Elastik
l erinin performanslaré incelenmiktir. Test s
nin her hane i-in olduk-a ilgili ©°zelliklerd
Jini mgxkgt er. Liu vd. (2019) yapteéeklareée -al eéexkr
t esi v b. gi bi °zniteliklerin g¢- yeéeke tahmin
l erdir. Yapélan -alékmada sadece y¢k il e en
manda ©%izlnd tyed k kar aséndaki geci kmi k et ki yi de
lenmi Kt ir. Yapélan -al ékmada °znitelik se-in
Zzamané azaltel méktér. Abedinia vd. (2016) el
mi ni i -P°Pznyéril ilki se-im y°nt emi °ner mi Kkl erdir

bir katkése, °gd2eloriik ¢&&-imi eirei malyiall @i ol ar ak
ek ol arak etkil exi mi ns amogié | (I heymbaeigxie dfi)irl yt°edi- br i
temiileadaygi r di I erin koordinel:| bir kekilde uygul
°n¢nde bulundurarak en bilgilendirici °znite
Li vd. (2015) yaptéklaré -alékmada kéesa d°n
Topl ul uk i (Waveletans end Ensembl e Met hod) kul I anm
t emde, sinir ajlarénén °jJjrenme dojrulujunu
rqu

~

rdt y°ntemini har manl ayan bir kar ma ©]
nNg°r me model.i enil erkomkpgpalesi bise-giekdi -d
ékl e bilgilere dayanan bir ©°znitelik s
nerilen y°ntemin geleneksel y°ntemlerd
ne g°stermiktir.

—— ==z
QO Y D
o = = 0O
@D D

—>

™ o — °ow

Bu -al éxkmada i%zniytikl itka hamd -nmerrdien t ahmi n b
[ [ incelenmiktir. Afyon Kocatepe | nivers
'l ek saatlik y¢k talebi kull anél mék ve bu

teliklerden dahd eikled iméeikt @&lra nl¢arl ésxanaidlamely
Aut o Regressive with Exogeneus 1inputs)
nitelik se-i mi i-in ise Relieff y°ntemi te
n °nemi puanlanmék vezbut pluiakll amialy at @l mien s
na etkisi araktérél mékter.

o

- N O N MO
Q ~

— —_

(7))

w /™ o>

22 KULLANILAN VERKLER

Bu -alékmada Afyon Kocatepe | niversitesi
yek talebi verileri incelenmi Ktir. Kampg¢s al
rans salonuna, speral onundan | aboratuvarl ar a, hayvan h
sisine kadar farklé karakteristije sahip vyg¢l
duk-a uygundur . -2Bul 7k ayped d mdaé, a2(Gls®enda saatl i
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el ektrik t¢ktealiabivealidreak kuwlkl anél méexkt ér . Y a
ajlareé kullaneéel meck, girdi ol arak dejerlendir
verilerinden her Dbirinin ©°nemi Rel i eff met od

2015 yéléena alitldéod&keg st eri km&kt edir.

1600 : : : : : : : :
1400 [}
1200 | it
1000 ]
800

600

400

Elektrik YUk Talebi (kWh)

200

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Zaman (Saat)

kekil 1. Ejitimde kullanélan 2015 yél éna a

kekil incelendijide y¢kte begyek bir dejik
bir trendin de mevcut ol duju g°g¢nlineerket edi r
ya da saatlere g°re dejikkenlik g°sterdiji g
yici olduju anlakélamaz. Bu sebeple ger-ekl el
belirleyici olduju Relieff metodu kull anél ar

3. KULLANIL AN Y¥NTEM

Ger -eklektirilen -aléxkmada °znitelik se-i
t e mi kull anél mékteér . Rel i eff met odu, ver.i s e
kendi sénéflaréndaki dijer °rnekjléeerd e yakeénl
bajl é& bir model olukturarak ©°znitelik se- me
vd. , 2016) . Rel i eff &RIsgeo-reirt, maasréc, a kr adsat hgae | seo nbri
senéftankemkyd$)krewme kf arkl & séneéefllom-én her bir
kusunu Mj(C))ar ar ( Durgabai, 2014).P@®aeaeetkEaBrnher s

(ol aséléekla ejitim setinden hesaplanan) ©°nce
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Her adémdaki dojru ve yanl éxkx séneéelfl arén katk
maseé istenildiji i1i-in yanlék sénéf ol aseéel ék
ol aseéel P (sEemeEfe& RE°)I)¢e n¢mk eree btuek kdrelmaner ( Si ki
Kononenko, 2003) . B°ylece bir °znitelik se-i

¢tae&lkmada tahmin i-in NARX y°%°nt emi kul l aneél
septi, lineer kara kutu (blagdkox) si st em tanémlamasénda stand.
regressive Exogenous'un (ARX) dojrusal ol ma
1990) . NARX madel ldeorjir u-scakkl -odkmayan di namik s
mek i-in kullanélabilir. NARX tekrarl ayan di
manéné saran geri bildirim bajlanteéelaréna sa
yan zaman serileriansémid nal de i et meakn ip-eirrf,or%m
dojru zaman serilerinin ge-mik dejerlerini k
ilgin- bir ©°zellijidir (Boussaada vd., 2018)
par al el (kapal é -evmam)den malkukguerer eNARX air kil re
sip kKema kekil 26de sunul muxktur .

X,

kekil 2. Paral el -evrim NARX ajé prensip

4. SKM] LASYON SONUC¢LARI

Ger -eklexktirilen -aléekmada Afyon Kocatepe
saatli k WARK kal kbhhéNarak modell enmi ktir. ¢ al
ge-mi kK dejerlerinin yanénda t¢/ ¢ketimin saati,
rilerin kullanél masé kararl akteéreéel méktér. Ar
niteli kIl er detnalheabnigniisni nniond eyl ¢lke n me s i i -in daha
belirl enmeye -al ékél méktér. Son olarak da be
Karésé ¢zerinde etkisinin beklenen gibi ol urg
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model in bakarékéenéidepet hendar mmar es el hat ané
kriteri kull anéel mékter . RMSE tahmin bakar ésé
dejerl endirme kriterlerinden bir tanesidir.
bir tahmini ifadéi&kded evdhesmp] adhad&ki exi

YO YO -B 00 0o (2)

Rel i eff met odu kull anélarak belirlenen ©°z
16de sunul muktur . Tablodan g°r ¢l dej ¢ ézere
d¢keéek olan °znitelik olarak belirlenirken, t

yé¢ksek Blzai alel &l irl enmi ktir .

Tabl o 1. Relieff ile belirlenen ©°znitelikl
¥zni teld Hesapl anan Rank
T¢e¢ketim Me 0O (Sefera - 4
Teketim S 38x10* 1
Téeéketim G 7,056x10* 2
Téeketim 4/ 7,138x10° 3

Tabl o slothduekiar g°z ©°n¢nde bulundurulursa,

-eékar él érsa daha bakaréséz sonu-I|lar el de edi
saatin girdi veri setinden -ékarélmasé durum
beklenir. Bunun seliei ejer bir ©°znitelik ©°neml:i i se ont
nun k°t ¢l ekmesine sebep olacakteér. ¥nemsiz o
setinden -ékmasé durumunda ise ya bakaréda °
bakar é artacalkareak ¢NeArR-Xe Klud K tainréi | en saatl i k
sonu-laré Tablo 26de sunul muktur.
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Tabl o 2. NARX y°nt e mi ile elde edilen perf
Veri setinde Hata
Girdiler olmayan girdi (RMSE)
T ¢ k eSaat@¢ -Ay Mevsim 0,0413
T ¢ k eMevsimG ¢ -Ay Saat 0,0348
T ¢ k eMevsimSaatAy G¢é¢n 0,0326
T ¢ k eMevsimSaatG ¢, n Ay 0,0373
Tabl odan g°r ¢l ecefji czere mevsim bilgisin
en bakaréséz tahmin sonu-1I| arveriseihgrdd edi |l i r ken
veri setinde ol madeéejé durumda el de edi |l mi kKt
hat alara ait histogram kekil 36te, en bakaré
séndaki korelasyonu g°steren grafik ise keki
Error Histogram with 20 Bins
6000 [
I Training
[ validation
5000 I Test
Zero Error
4000
4
2
S 3000
£
2000
1000
0
o IlErrorsl=?I'a|('?gets-0utputs
kelki3. Ejitim akamasénda NARX ajlarénda el
kekil 3 incelendijinde t¢m akamalarda hate
-ok yaken olan b°lgede toplandéejé g°r ¢l mekte
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yéek talebini o dd Idlug mendue giP ek eaerrédekt edi r . keki
ise ger-eklexktirilen tahminlerin olduk-a batk
tahmin edilen dejerlerlerin korelasyonunu g¢g°
etrafénda topl andajia vae ablué kvtear idlagreilnd édf € g°r ¢
bakar él & bir tahmin performanséna ikKkaret wede
1
0.9
0.8
5
o 0.7
$
Eo.e
_“1%05
£
50.4
.TNU
€03
2
0.2
0.1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Normalize edilmis gercek degerler
kekil 4. ¥ -¢len dejerler ile tahmin edil

5. SONU¢LAR VE DEJERLENDKRME

Ger -eklexktirilen -aléekmada Afyon Kocatepe
saatl ik y¢k talebi NARX ajlaré kull anél ar ak
ge-mik dejerlerinin yané séra te¢ketimin ger -
de kbabahécek ©°znitelikler olarak belirl enmi
-im y°nt emi kullanéelarak her bir ©°znitelifin
rak hangilerinin kullanélacajéna karar veri/l
tahmintak ar éséna et kisi incelenmiktir. Bu kapsar
ve adil bir karkélaktérma i-in t¢gm -al ékmad
sonu-1laré Relieff kullanéelarak daha °neml.i o]
tahminlerdedaln b akar €l @ sonu-I|lar el de edilirken, da
l en veriler ile daha bakaréséz sonu-1|lar el de
saatl ik ye¢k tahmini -al ékmalaré i-in uygun b
me¢ Kt ¢r . Avyarfdcaa eMARX saatl i k y¢gk talebi model |
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sonu-lara imkan sajladéjée anlakél mékter. Far
bir -aléxkma i-in uygunlujunun araxkteéreél masén
de¢kenegl mektedir.
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G! NEKk PANELK CAMLARININ PERFORMANS,
ETKKLERKNKN ARAKTI RILMASI K¢KN BK
D! ZENEJ K

Erol AYAZ

tevwe kehircilik KI Mederl &7 ¢

Prof. Dr. Fatih Onur HOCAOJLU

Afyon Kocatepe | niversitesi
¥ZETG¢nek panellerinin sahadaki verimlerini
di slik uygul amal aré ve yeni ve yenilik-i mat e
k¢ender . Bir géenek panel i, gének hegcrelerinin
jonksiyon kutusu, ¢ mianyurkanerm-eaye aneo dy Zzles ead €k é
-irme kabiliyetine sahip, temper|l i camdan ol u
maksimum verim elde edilebil mesi i -in, bu tab
rak kaliteld mal zemel er kull an@l mal edeéer . Bu m
i -erisine giren exkék miktarénén maksimize edi |
reya yansémasénén °n¢gne ge-il mesi °nemlidir.
h¢e¢crelerinin verimini ol umsuz olarak etkil er.
kar kél élkgagedoeyl adraéné di kkate al ér ken, éséya ka
renén s¢zel mesi °nemlidir. Bu -al éexkmada far kil
néel masénén, g¢hek paneli verimine olan etkil et
bu hedef dojr ul tnuesjuin dkau rbui lrmudketnuery. dkKi,uzreul an dene
neji tanéteél méktér. Son ol arak farkl é panell er

tur

Anahtar Kelimeler: G¢ nek Panel |l eri, G¢é¢nek Hegcreleri,

Caml ar é

An Experimental Setup for Investigation of PerformanceEffects
of Different Solar Panel Glasses

ABSTRACT: Toincrease 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, indig 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 materiasydomt 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 mergy 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 theoutput 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. GKRKk

Rezervl eri hezla t¢kenmekte gkagnyenil enel
hezlé bir Kekil de kirletmekte ve k¢gresel €s
enerji kaynakl aré pop¢l er ol maya bakl asa da;
rinin d¢k¢k ol masé sebebiyle hak ettiiji il gi
teml erinin daha fazla kull anél abil mesi i -in,
yapélan -al ékmalar ¢retim akamasénda bakl ama
g¢e¢nek panelini -evresel et menl erden koruyan
tarmalsni mi ze edil mesi ve i-eriye giren ékKkeéej el
mesidir. Panel caména yansémayeé engell eyen
%5, 661l ék bir oranda arteéereéelmexktér (Jalaly vd
g¢eve glzlsardlaammaak baxka bir g¢nek paneldi kor
ge-irgenlijin % 9506e ar artteéejeée gore¢sl megkt
yansémayé °nleyerek & ge-irgenlijinin mak
reflektif (AR) kaplamalardakb a si t dall a y°ntemindeki mo | a
sistem verimi a r (Huang vd., 2017
de cam y¢zeyind | ¢kt ¢r . Bu anl amda
ri ktirme (HFCVDy ek am@lnaon mék bir gg¢n
camé kullanél dé I caménén fotovol't
diji tespit edi m»es ve Neto 2015)

iretim akamasénda verimlilijin artéreéelabi
é | as tdeam!| ebrui nsisahada montajlaré esnasénda
a gerekmektedir. Bu kayéplarén bakénda
éjénén her 1 AC artée%@ndaor ganéreda panal -
es pbath eerd ividmi,k t2i0rl 8(, Suresh vd. , 2018) .
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| mesii dhedef3l0edmealece a-éda doj al haval
daha iyi performans elde edilmiktir (C
sé i-in ayréca g¢nek paneline sojutma vy
: G¢nek panel soguit ml imukklséstem kokul | ar
] belirlenmiktir (Peng vd., 2017). PV

l zeme il e sécakléek etkisi azaltelabilm
czeyindesundel dktéer él-arakingerey sécak
K g¢c¢ artérelmaktadéer (Schiro vd., z
i tesi G¢e¢nek ve Regzgar Enerjisi Uygul a
tem tesis ed&«ilgmiektiinrde kKeidil @a n&dialnemm ¢dee
inin camé ékék ge-irgenliji farkl e ol

edil erek dejikik karakteristikteki C
el mekt ér .
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2. MATERYAL -Y¥ NTEM

¢tal exkfnyaon Kocatepe | niversitesi G¢gnek ve R
aktéerma Merkezi b¢e¢nyesinde yer gt ol megkt gr .

zenefji Kurul muktur. Sistemde 60 W monokris
nan bir DC pamekuedi ver DCgpadesundan habert
sétasé ile bu veriler araxkxteéerma mer kezinde
Z programé vasétasé ile de okunmaktadér. k
I k verileri taebl babal ewet gkbtanlt el GESVerobgr
rttan veri okuyabil mektedir. Bu da 6 g¢nekxk
iek ortam sécakl éklarénén okunabil mesi an
de 2 farkl é& paneléikn skkarakd lekk t°d r- md =& ey d mdle
t kull anél méxteéer . Karekekl ek ol mamasé i -
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I mi Kt ir. Bok u-lar a-ék devre ol dujundan
nstre¢ksegyonu ¢zerinekbdat pliogogeméareeryier k &
jlanméxkt eéer . Sistemin kurulur ken;

1.¥ncelikle panellerin y¢zey temizliji yap
2. Panelin sadece a-€ék devre gerilimini g°s

eKt esSOW AOBMIi nyum diren-)

3.PLC girik porktlharng it eus-piatr deadhi Iveerre al énac

4. Ver i kaybénée °nlemek i-in DC panosuna 65
5, Panel y¢zeylerine vea0OB8éréonkhmmk bewrsarte
Ktirilmiktir.
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6.Sécakl ek sens®°rlerinin PLC bajlanteésé ya
7.Datd ogger 6én GES si st emi ile senkronize v
kada bir veri g°nderecek kKekilde ayar yapél m

8. Dat alogger én séeneérl e hafézasé nedeniyl e
mi Ktir.

Tablo 1: GES programénar PLErpboabl asaftdahéef:

ler)

PORT(P) AKIM(A) | GERKL KN Y:ZEYA D1k
SI CAKL 19| SICAKLIK(C ©)

Port1(P1) 600 600 600

Port2(P2) 600 600 600

Port3(P3) 600 600 600 Port7(P7)

Port4(P4) 600 600 600 43,7

Port5(P5) 1,5 9,7 67,6

Port6(P6) 2,3 15,5 60,1

PIRANOMETRE

DEGISTIRILEN CAM DC PANOSU

v

kekil 2:Deney D¢zenefji Solidworks ¢i
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kekil 2 de deney d¢zeneji Solidworks progrt
tir. kekilde ki PC ekranénda GES sistemi ar a
mekt ér
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kekil 3:Deney D¢zenefji Ger - ek Res mi

3.3.BULGULAR VE TARTI k MA

kekil 36te verilen deney d¢zenejinde buzlu
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grafiji el de edi |l mi ktir.
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kekil 4: Buzlu cam g¢- karkél akt ér ma
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Ayréca tablo 16de verilen y¢zey seéecakl ek ¢
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4. SONUC¢
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panel -ékeéexklar eéna nbajkleam avrne Ipiarn ey ¢ k ékzZar igredea |
r ek, panel in -éekék g¢c¢ hesaplanméxkt er . 3
| ama vey am dejerl eri karkeéel aktérel dej e
ge-irgen z | ag, YYamsé&mpyamanl egpe melyemh
yézey sé
réel mekt ¢
22,92 da
Bu veriletdeakyobEB&dekélhgece¢ene et ki eden pane
akl ejénén ve basén-, nem gibi dijer
ir ajlaré olukturularak birbirinden
n
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e er
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I
a
] n nor mal géenek paneldi camén
a buzlu camén g¢- -€eékeékeéener
uju belirlenmicktir.

gmdan den hianigi gga - eékékénén al énabi
ril

mal ar ol arak dejerl endi mi Kt ir.

5. TEKEKK! R

Bu -al ékma Afyon Kocatepe | niversitesi BAF
kodlu proje kapsaménda desteklenmi«ktir.
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¥ZET..ksek gerilim g¢- sistemlerinde yal et él
junl uju keésmi bokal ma kaynakl & meydana gel mekH!
| et kamnd e¢kziereil ekt ri k al anéen d¢gzgen dajéel eméneée «k
veya yapeésal bir bozukluk) Kk¢-¢k el ektri ksel
dir . Havai il etim hatl arénda korona ade veril
mal zemenin tipinelg@gltrtopkajsdi &kkgtaltaml gr eksi z
lerin °1-¢l mesiyle ve de akéem trafolareéeyla °I -
ve y¢ksek gerilim elektrik dajéetem sistemlerdi
kabl o te¢re¢g ol an XLPE (-apr,azk ésanjil é oxallimat i | en
tespiti ve sinyal °l -¢m¢ ger-eklexktirilmicktir
testine hazér hale getirilmik, ardéndan | abor
rilimler alténda yapay ol arak olukturulan boz
sinyalle r i el de edil mik ve °1 -¢l megktgr . ¥l - ¢l en al
leri, zamana bajl é ayréek zamanl é sayésal ver i
taména kaydedi |l mi ktir. Kaydedil en verilere ai:t
muktur . Kabl |l @azearki mda ktapay an aréeza, el ektri
r¢e¢nde -alékan tekni k personelin en sék karkel
ve -°z:m °neril eri tartéekél mékteér.
Anahtar Kelimeler: K & s mi bokal ma, XLPE Kabl o, Y¢é ksek

Experimental Detection of Patial 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) thatats 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 acording to the type of material measured. In this study, partial discharge






