KSTANBUL TEKNKK ' NEVBRRBKTEKMKERK EN

AASHTO LRFDOYE G¥RE BETONARME BKR K
DOJRUSAL OLMAYAN STYAINKKE MKT KELE PERFO
BELKRLENMESK

Y' KSEK LKSANS TEZK

kahin BULUT

Knkaat M¢chendisliji Anat

Yapé M¢cghendi slifji Prog

TEMMUZ 2020






KSTANBUL TEKNKK ' NEVBRRBKTEKMKERK EN

AASHTO LRFDOYE G¥RE BETONARME BKR K
DOJRUSAL OLMAYAN STATKK K TPERFORMANSIEIN
BELKRLENMESK

Y! KSEKKSANS TEZK

kahin BULUT

501181046
Knkaat M¢chendisliji Anat
Yapé M¢cghendi slifji Prog

Tez Dan éraf.Da Kulu DARILMAZ

TEMMUZ 2020






K, HeinmlIBer i E50K18104th¢usmypadmgd e Yo ksekal
BULUT, il gili y°net mel inklkerritn alresl iyrelr
hazér aAdSEH Teo LRFDOYE G¥RE BETONAR
TASARI MI V E DOJRUSASTATJIKMA YMMRME E MK
PERFORMANSI NIN BObKRLEKMESK ezi ni a
°n¢gnde bakaré il e sunmuktur.

Tez Danékheaf.me Kutlu DARILMAZ e,
Kstanbul Teknik | niversite

Jer i l'yel eProf. DrrKonur al p GKRGKN.....ccoooeeeeeeennn.
KstanbullniTveekrnsiikt e s i

Prof. Dr.G¢r ay ARSLAN
Yél déz Tekni k [ niversitesi

Teslim Tarihi : 12 Haziran 2020
Savunma Tarihi ;14 Temmuz 2020






vV e

Se






¥NS¥Z

Yéksek i sansérteszé n-daa élxinmagnm ve birikimle
destek olan danékman hocam oFKkrexfe.k KR elde
saygeéel ar émé sunar ém.

Bu- al eemambamadalherk €&€l¢gasyaljdjay an esigemeyem d € ml a
Yapé Merkezi AKnk.aay® rnweet iScainlagyrii ne ve - al éck

ederim.

¢al é Kk mameé gebaeéal dmehierss gkkéemt €1l ar éma ort a
sevdiklerimea y rteecrae k k ¢ r eder i m.

¥zel,Jtark]l Bayat é ienderodestakleriai esirgengy ve her zaman
yaneéeoehde] arn ll ieme s ongimizsundrveb ek k arl € Kk mamé o
adar éem

Haziran2020 kahin BULUT
(Knkaat M¢ighendi

vii






K¢ KNDEKKL ER

Sayfa
¥ N S ¥ Vil
KECKNDEKKLER. et e e e iX
KISALTMALAR .ottt e e ennnsnnes Xi
SEMBOLLER......utttttiiiee e e Xiii
C KZEL GE L.KST.E.SK e XiX
KEK L KS T ES K e eeeennnes XXi
¥ Z B T e ———— e XXiii
SUMM A Y e e et n—— XXV
T € G o 0 G PP PPRS PP 1
1.1 Tezin Amac.ée..v.e..Kaps.ameé................ 1
1.2 Konu Kl e KI gi.l...Yapél.an..¢al.ex2nal ar
2.ASHTOLRFD 201 ¥ REENGCERKLMELK K¥PR,)...TASARI MI
2.1 Genel Lopakag L Bildogid e 5
PV == 0 1= L o R 7
2.2.1 BOUON. ...t e ane e e enae 7
2. 2.2 Donat.e....eld bl
2. 2. 3 XRA B .MNE . iiiiiiieeeiiiiiii e 7
2.3 KNVegkeeYegk Kombi.nas.y.onl.ar.......... 7
2. 3.1 Zat.ii..y.é.Kler 8
2.3.2 Klawve..zat.d. . .y.égKl el 8
233Traf k ar as..¥.&. Kl el o i, o]
2.3.4 Depr.em..Y.é.Kl @il 11
2.3.5 Y¢k kambi.nasy.anl.ar.é. . 15
2.4 Prekast..Ki.r.l.k..Tasar.emeé....... 15
2. 4.1 Sabhi.t. YKl e 16
2.4.2 Yaya .hareket.l.d..y.ékK.é.. 17
2.4.3 Standa.r.t.. k..a..my..o.n ..... y..é,.k..é, .................... 17
2.4. 4 Exkde] er..ker.i.t..y.ékl.eme. ... 19
2. 4.5 ¥nger.il.me.. .hes.abe...... 20
2.4.5.1 Mdzemelerin emniyet gerllmelen ............................................. 20
2.4.5.2 Kablo adedi tayini...............uuuiiiiiiiieeeiiiiciiee e eeeeeeea e 22
2.4.5.3 Kesit kaméemal.fk.ap.a.s..t.es.23
2.4.5.4 Gerilme KoNtrolleri...........ooooiiiiiiie e 26
2455 Kes me don.a.t..ésnén Jhes.abaéa........ 30
2.5 El astomer Mes.ne RIJ.JIle H.e.SBIapIaré
2.6 K°pre¢gnegn Bill.g.. saya.r ..Mo.d.e.l..i........36
27 Al t sYamlea.rHE. ... 39
2.7.1 Modal .anal.i.z..s.onu.:-.l.ar.é....... 39
2.7.2 Orta.kol.on..t.as.arme. ..z 41
2.7.2.1 Ej.u.l.me..l.as.ar.mé. ... 42



2. 7. 2. 2 Kesme..l.asS ar. .M. . eeeiieeiienennnn 46

2.7.3 Bakl ék..ki.r.i.K.l...t.a.s.a.r.e.me.......... 48
2.7.3.1 Ej..l.me..f.as.arn&mé. ... 49

2. 7. 3.2 Kes.me..l.as.af.e.Me. .. ....occiieemivieirieennnnn,s 50
3.D0OJ RUISAOL MAYAN ANALKZ e, 53
3.1 Plastik M&al BOYU...........coovviiiiiiiii v srre e e e e e e 53

3.2 Plastik Mafsal Kesitinde Mome&t] r i | i k...Kl.i.k.k.l.s.i....54
3.3 DojrumsaAnallingagyeasa KuT s aeé mulep®i Spektrur
3.4 K°pr¢ perfor maméean hteasdid.egé.n&mb el & manl a
3.5 Kt me°% mMtn@amii...Z.h....cooorimeeriii e 63

AK¥PR! NI/'N DOJRUSAL OLMAYAN STATKKGB6KTME ANALK
4.1 Deprem Yer2 HKk-rierk eRdr fDorzean.s....AGral i zi
4. 2 Deprem Yerl Ha-rierk eRar fDorzmayns...Adal i zi

B . S ONUL.L AR oooeeeeeeeeeeee e eee et eeee s eseses e ase s eenen s 81
KAY NAKLAR .. ooovoeeeo et eeeees e eeee e e e eeessesesseseesesesses e eseeseseeesseeee 83
¥ Z G E € MK Koo eeeseeeee et e e tees e eeeaeesee e es s seeseesees s e 85



KISALTMALAR

AASHTO

ASTM A-416
DC

DW
G¥
IM
KGM
KH
KK
LFD
LL
LRFD
MH
PGA
PGV
PL
SAP2000

: American Association oftdte Highway and Transportation
Officials

: American Society for Testinghd Méerials
: Dead Load dStructural Components Andonstuctural

Attachments

: Dead Load of Wearing SurfacesdaUtilities

:G°-menin ¥nl enmesi Performans S
:Dinami k Et ki Y¢zdesi
Karayoll aré Genel Mederl ¢ ¢
:Kont rol Il ¢ Hasar Performans Seviy
Kesintisiz Kullaném Performans

: Load Factor Design

: Live Loads

: Load and Resistance Factor Design

: Minimum Hasar Performans Seviyesi
: Peak Ground Acceleration

: Peak Ground/elocity

: Pedestrian Loads

: Structural Analysis Program

Xi






SEMBOLLER

A
Ac
Ag
Akc
As
As
Al
As
AS

El ast omer mesnetin plandaki al ané
:Kesitd ané

: Kolon kesitind a n é

Kompozit kesitin alane

Komposit kesidiotnakies€mlen al aneé

: Komposit kesittek basén- donatésénén al ané
:Boyuna donateéel arén toplam al ané
"Anmap-€

Pas paye

Kesitin basén- b°lgesindeki geni kKl

be
bv
bw
Csm

dbl

fef

"Etklig°® vde kal éenl ej é
: Tveya lprofilikesitle r 1 - i n

cEtkint abl i ye geni kIl ifjJi

g°vde kal énl éj e

:Spektrd i vme katsayeéeseé
. Etkili derinlik
:Boyunadonat é& - apeée

:Kompozitk esi tin faydal é& y¢kseklI i7Ji
¢Ceknomenat s én e aininkgsiéinglsé k nmeomkean mes

"Etklik esme derinlif7ji

. Eksantirise

. Elastisitemo d ¢ | ¢

Kvmeektrumunda késa periyot aral éej
:Betonun2 8 g¢nl ¢k dayanéme

:Sarpgéeteéen dayanémeé

:Betonuna kt armaa lkainm@m@éay an é

:Sar gbhéesteozn b asén- dayaneéemeé

Fakt Saviz y¢c ¢kl erden dol aye kesit
- Etkin® n g e geneesi

Xiii

:Saha katsayésée ile -arpélméek en bg¢

-

C

Basdonaéleskesitin alténa ol an mesa

a



fpc - Kayiplardanv e k él éf | amada melanoetindan ef ekt i f ©°n
dol aye bemeokReajadkeéebl ukan geril me

fpe Kayéplsamdanefekti f °nger meden dol ayeé
gerilme

Fpga :Kvem spektr umunid-ai ns éif-éirn psearhiay oktat séyeésé

fpk :Kopmad ay anémé

fps ¥ngedmpat ésnén ortalama geril mesi

Fr Kér ariomda, | ¢

fs :Kopmad ay anémé

fs ¢ekmhenat @&sénén akma dayanéme

fs ‘Basdaonatésénén akma dayanémeé

asu DonaekBijinin kopma dayaneémé

sy :DonaeBijinin akma dayaneémé

Fv : Kv mgektrumundauzunpegyt ar al éj & i -in saha kats

fy" : Akma gerilmesi

fye Donat¢ebki i diay aalema

Geff Kaymamo d ¢ | ¢

h :Elastomeme snetin toplam y¢ksekI i7J i

Nop :Toplamelast omer tabaka kal énl éj é

ht : T veya lprofil i kesitl ekal éemnlhejegast bakl ék

hos Déexl ast omer kal énl é] é

hri : Elastometabakak al énl éj é

hs ¢elliekvha kal énl éj e

I : Elastomemesnetih ar ek et dojrul tusundaki atal e

[ kxg : Kompozit kesitin galetmomenti

Ixg . Prekast kesin ataletmomenti

k :AASHTOLRFDb° 1l ¢m 5. 7. 31.106de d¢kK¢gk gevkem
0.28 verilen katsayeé

K cEfektifuzunl uk fakt?or g

Ke :Sargelt&kmanl i Kk katsayeéeseé

Kh : Elastomeme snetin yatay rijitlifji

Kv Elasb mer mesnetin d¢gkey rijitlhifgi

Ka - Elastomeme snetin d°nme rijitlifji

L : Elastomeme snetin uzunl uj u

Lp . Plastikmafsal boyu

lu : Kolon boyu

Xiv



M1
M1*
M2
M3
M4

Mcr
MbL
M bw
Mg

ML

M max

Mn
M
My
Nbp
Ntabaka

p
Pef
r
Ry1

Kirkendi zat.i ajérl ejéndan dol ayeé
:Modalk ¢t | e
:Tabliyeaj ér | €] éndan dol ayé ol ukan mo me

:Di jilavezmt i y ¢kl eodde&mandaonoanea t
:Yayahareketli y¢ke¢egnden dol ayé prekacs
moment

:Standark amyon y¢k¢nden dol ayé kirik b
momenti

¢ at | nnomenti

Ki wiek t abl il yanezmatnideynwg kol ayé meydan
:KHavez at i yé¢kl emel erden dol ayé meydar
Toplams abit y¢kl erden dol ayé ol ukan

: Yayaharketliy ¢ k¢ ve trafik yadlemden dol a
moment

Kesmehesabé yapélan kesnttdekayéabl &k
maksimum moment

. Kesitinnominal moment kapasitesi

: Kesitinmo me nt kapaskesima

. Etkin akma momenti

: Elastomemesnet adedi

: Tabakaadedi

:¥ngedmepat ésén faydalée kesitte ol uk
: Betonaverimes gereken etkin °nger me Kkuv:
:Kolon- apéneé

:Tepkispektrumu azaltma katsayeéseé
:Eninedonat el arén aral éj é

Ki rairkal 67 é

:Zeminpr of i | kat sayéseé
. Elastomeme snet i n kKekil faktor ¢
1. 0 saniyedeki kaya ¢zerinde bul un;

kat sayéseé

cElastks pektrum kat sayéseé

: Kesitin mukavenet momenti

:Spektral yer dejiktirme

1 saniye periyot b°lgesi tasarém s
Késa perityastar®m gexeiktral i vme kat s
:02sami yedeki kaya ¢ zepkispektluemu bul unan

XV



To
Tm
Ts

Vs

Ve
Vi

Vew
Vd

Vg
Vi

Vn
Vp

Vs

W

Wa

Wka

Wi ki rix
Wi fablive
Ws

W,

Ya

Yka

Yk KTk

Yk C_’tabliye

Yapénén periyodu
:Spektral Kekl i belirl emek i-i

n

kul | an:¢

M6ch modda bulunan titekim periyodunu

:Spektrali vme katsatyéasenla] peraplyaod

ayak hes
u

en b¢ye¢k periyot, k°ke periyod

: Maksimumy er dej i Kt i r me

Kirikin kendi zati keame&uwete] éndan dol ay
Tablilye] apa@wnd ddsdekuyvet

Dijer ilave zati kespekuvweir den dol ayé ol ul
Yaya hareketli y¢gkegndenmallsmlimay € pr ek as't
kesmekuvveti

:Standart kamyon y¢ikendears ads@éma Ké Ki ri K
kuvveti

: Betonunn o mi n a | kayma dayaneéeme

Ej i | hkeesvmree kuvvetiaedeoudodohaygkukee&ak
-at | angaleyesb et on kesme dayaneémé

G°vdasal ger i | mellaemmadyeén ednogl ealylée y-eant bet o
kesme dayaneéemeé

Kesmehesabé yapélan kesitteki fakt©°orsg¢z
o | u kesme kukveti

Topl am sabit y¢klkesmeduevett dol ay é& ol ukan
Kesmeh es app@&l yrma kesitteki faktorl ¢ déek yy¢
maksimum kesme kuvveti

: Kesitinn o mi n al kayma dayanéme
¥ngehamkat épdenng ndol ayé kesitte olukturd

kuvveti

:Eninedonat él arén kesme dayaneéeme
:Elastomeme snetin geni kKl i7Ji

. Alt kesitin mukavemet momenti

. Alt kesitin mukavemetomenti

:Ki rigisk k ensgkavemehmomenti

:Tabliye¢, st ¢ n¢gn mukavemet moment i
: Mekanikhaci msek ®miame donat é

1 Skesitin mukavemet momenti

Atk esi tril @ kaijmeer kuezza k| é] é

Atkesitin ajérl ék merkezine wuzakl| éj e

Kirgisk kesitin ajéerl ek merkezi

~

:Tabliye¢, st ¢ n¢gn aj érl ek merkezine

XVi

ne
uzakl ej é

uzakl



i) Skesiti

:Enined onat
:Geri | me
"Ej i | me -

:Don&thé mi

merkeZin@ z la& k e ] é

€l aren boyuna donateée ile vy
bl oju fakt?org

atl aje dejikkenliji fakt®©or
nNi mumnakma dampédraa daryamée

Weye kl er alténda kirikteki -°kme
D¢key yeéekler alténda kirikte i zin
:Sargéteéenun takeéeyabileceji en b¢ye¢k
birim kekil dejiktirme

:Sar gbéestéozneuynalteaxwe j i en b¢gyeé¢k basén-
birim kekil dejiktirme
:Sarpbeteéendaki maksi mum basén- geril
deji kKtir me

:Donaeki]
:Donateki]j
:Donaeki]

I nin akmaiplat eaeki sonendak
i nin kopma birim kekil dej
I nin akma birim kekil deji

:G%° - meninme&mnl|l @ er f or npdastikd °sremve yseésn € ri &

Ko nt hasdmpl
: Kesintisizk u | |
Sénkkad a&r

er formans setvilysdhemei n pl
aném performans seviyesi [
performans seviyesi i-1imn

:AASHTOLRFDb° 1l ¢m 5. 4. R2éeBdr latreayée a
Prekask i ri kin alt | ifinde meydana gel

Ki rnnirktnaleaé maksi mum -atl ama geri |l mesi

Kiri Kk ¢z
- e k mdmegi e
- Prekaski r i K
:Dayaneém
: Modal genlik

:Séeneérl é
Kekil de@p

erindeki sabit ve hareket |
r

in ¢st |lifinde meydana gel
azal tma fakt?or ¢

hasar peehdal mann 8. 48vidgevier
asketaiersmes al énarak hesapl ana

:Kesiting® - me °ncesi toplam ejrilifji

: Etkina k ma
:Modalk ¢t | e

ejriliji
katéléem katsayeése

XVii






¢ KZELIGESTESK

Sayfa
zel gkeul2 .aln é:I ac ak...bhet.a.n..s.enef.l.ar.g.7
z €12 gAedgerme- e 1%izjeil L.i.K.l. et 7
zIBgKe® pr¢ye gel ecek...zat...y.é.kl.er.... 8
z 2lAgKe® pr¢yei gavecehti...yékl.ern. ... 8
zelbglee afi k y¢kl erinde k.ul.l.anél.ac®@k par a
zlegteo k| u et .ki...f.akl. 0l éomceeii 10
z 217 gAASHTO LRFD Tablo 3.6.21......ccciiiiiiiiiiiieieeieeeeeeeeeeeeeeeeeee 10
zel gSep exk.t8& a:l Il vme kat s degiel.ar.é...RPBA ve P
z 9 gPeGA | -iim ketpga.y..8.6. ...F 13
z 21K ésa periyot b°lgesi iaa.d.n..zemmi n et
zellygeg saniye periyot b°l ge $i... lndlB®  z e mi |
z 2N1Y:AASHTO LRF y°net meliljgied.ee.r.gf14 e depi
z ul l anél.an..y.ék..kombi nasy
z llyger ekast ki.r.l.
r

K...%.zel.l.i.k.l.er.i......16
i..

pe2.15:Kompozit Kk K....0.z.el.l..k.l.er....16

D
ell13y€asar emda Kk
I
[
g

z lleKi ri Kkl er e elecek JSs.abltyg kller .
zellg¥ngeri | me mal.zemel. e ... 20

z llg:Brefabri k kirikin .bet.on..emni2@et ger
zelly¥nger me -elijin °zell..kl.er.i.2ve emni
z 22 ¥ ¢ k|l emel erden dol ayeée..kes.i.tt.23 o0l ukart
z el g8Babitve Radekety ¢ k| er den dol aynelerk.ee.s.2t t e ol
z 122):8ervis durumundaki gerilmeler..............cccoviiiiieeee 27

z l23y:Akt arma safhasénda mey.dan.a..gRe&I| en g:¢
z 2R4yg:Kée|l éfl anmadan sona.r..mesnet.L.&i ger.i
z 2R% ¥, k|l eemeden dol ayé kes..t.t.e...alldlkan mo
zel gEl @s26mer mes.ne.t..l.zel.l..kl.e.r.i34

z el27g:Elastomer mesnet rijitlildri................ccoooiiiiii 35

z Ry KB° pr ¢ peri yot | ar & v.e..madal...lKadt el éem
z RY:¥an K oKUVBEHErid..rieeeee e, 41

z 2B3@:Bepr em dur umuetlek.o.l.a.n...i....kuwv...42
zl3gKar kel ekl é ..et.ki...di.y.a.g.r.ame. ......45
z&8llgbeconat é -eliji..madel.i..2.zel.l.i.k35er i
z8BR2gSepektral I vme katsayélaré ..PEDA ve P
geB8l3:K° pr ¢ perf or.man.s..hedelf.l.er.i...61
zeBl4dgBet on ve donateée i -1in blrlm....K.@lkiI de

z 85gPerfomans seviyel emeilimiled.i.n....p.l.as.t68 k d°n
Allgbd-2 senaryosu boyuna yQl.nde..i.f2ne ana
edl2gbb-2 senaryosu enine yonde..l.t.@fe anal
edl3gbb-1senaryosb oyuna y°ndeonmnt.ameamadall8 zi

eddgbb-1 senaryosu enine yo%nde..i.t.@B anal

OO0 6666666666666 6660666660666 6ee

N N N N

XiX






KEKKIL KSTESK

R R R WA Nl ol S o e ol i i i ol o R I B R gl e Gl ol g o S I S g ol Sl Gl ol e o N
®DD®D®D®D®DDDD®D®DD®DDD®DDDDHFEDDDDDDDDDDDDdDDDD D D

Sayfa
€illkR.1:K2 pr ¢esli.oy. K. 5
Ki IK220.r2 :en.K.e.S.h bl 6
ki IKi.i3k :ve k.ol.on..en..k.es.i.t il ... 6
KRIALAASHTO LRFD Tasa.r.em..kamy.on.u.....>9
Ki I[H3@S 254 T &K@BIM/ONE. ML ..ooeeeiiiiiiiee et e e e e e e e e e e e e e aneen s 9
K2i6 t Standart kamyog ¢ k ¢ n ¢ n  Ki r.i.K.e.. Wkt dbe s i
RiI7TIEkde] er kKerit y.ikeéng.n.. thlI:hleS|
kilYaz.a8y :el asti k .iL.a.s.a.r.e.m. spektrulﬁu.
ki lPr2ek9%s:t Kkiri K..v.e. komp02|t Kir.15k .
KRi1l0:St andar 't kamyon y.é,.k..é,.n..é, odel.’LéB enmesi
ki1l :Standartkamyogw ¢ k ¢ nden dol ayeé ak L8 om0
kil ERdé@PRer kerit y.ikeéngn..et. ki t i I19ne S i
KRiII3:Ekdej er «kerit .y.keé..anal..z..s.o.mM@cu.
Kild:¥ngermeée | malené.n..y.er.l.eKi.Mi........ 23
kil Prekasikir k:ii n donat.ég..gos.t.er.i.Mi...... 32
kil ERagdbomer me.s.ne.t..b.oy.ut.l.ar.é ...33
kil PRelRdast kirickIL.er..ve..t.abl..ye.IKR@&sit:
kilL2né&8r 1 ink..2.z.el.l.ikl.e.r i ... 36
kil Fekabf : - ubuwuk...zel.l..kl.e.. ... 37
2 O B 1o ] (o 2 | U 37

kil K2p2dnegn 3 cut.lou...mo.d.e.l.i....
Ki22:K° pr ¢neégn s

0
Ki23:0rt a ayak h.

KidMo@ente ] r i | i k...l .l.l.KKi. S
ki IBilieermomerde J riii I i kK.K.D..Silociiiiiiiiiiiiiiin,
KBi5tMomentp | ast i k dZ2.nme...l.l.i.KK.l.S.....

k42:DD-2 senaryosu boyu.n.a..yl.nde..

XXi

Yy

u e.d.eman.l.a.r...i.l.e.38odel
l.a.n.t.e..d.e.t.ay.6......

-

(o]

kilYa3t.a6y :el ast i k ..t.a.s.ar.e.m..s.p.e.k.t.
ki IPe.f7/or-mans nokt.as.é.né.n..hel.i.r.
KiltPl asti k maf.s.al..konuml.ar.é. ........... 67

........ 38

.38

kil Kén2d ayak Jante .det.ay.e....39
kil M@dab anal i.z...2. z.el. L.kl e ... 39
ki | Binci i@ hakm periyodu..........cvvvviiiiiiiiiiiiccnnnn 40
Kil KRi @2@1i : mo.d..p.e.r.i.y.0o.d U iiiiiiiicrnnnnnn 41
ki :X2PRR8T progr ameée..mal.z.eme...bi.l.g.i48 i
kil Karesél ekl é ..et.ki...di.y.a.g.r.ameé........44
KRIB0O:Kol on donat.a..pl.ant . ... 48
KRiB1:Bakliaghk kdt éd @H..a.n.L....ccvviriiiiccee e, 51

ki lSa3.glel:& ve s tgedimebd z i bre tkarmkei rha ddsd j 5 K t |
ki IDo3n.a2tl é&: jadeliganimebi r i m keki | d.e.]. [

L.K.B5 r me
........ 56
......... 56
........ 57
r..us9u
L.e.Bbme s i

i.t.68 ej

ri



I I W W W i i o o o o e I e

IDD£LseBay bpsu eni ne yJSl.nde..i.t.me...ej.68 si
IDDLseharyps X y°n¢ spektral..kapasé9t e diyagr :
IDD2. S emnar y opekiral apag ¢ @ ¢ d s.y.a.g.r..a.me.69

IDDLseBaryps X y°ng¢ perfor mans..nokiasé bel ir]l
IDD£2. Benaryost@oYmahs np.t.as.e..bel irl eme.
IDDLseBargssu X y°n¢ itme anal i.zi..hler dej i Kt/
IDD2 sedarypstY y°n¢ i1 tme analizi.yel dej i ktirn

eilk4.10:DD-1 senaryosu boyu.na..yl.nde..i.t7he ejrisi
k4ill :DD-1senaryose ni ne Yy ° nd.e...i.t.me...e.]..r.l.s74.

| DFlsénda yosu X y°n¢ spekt.ural...kapgsasite diya

k4il3 :DD-1 senaryosur &l ykapas.pelk..di.y78gr ame.
kiil4 .:DD-1semar yosu X y°n¢ perfor.mans.iénokt aseée be

| D1 1Henar y o sfuo rYmayn®sn ¢n opketra.s.e...b.g6d i r | e me.
| D*1 1enargwgsut Mey@analizi yer./dej i kKtir mi
| DB+l sgnaryosY y°n¢ i1 tme analizi..yeiw dejiktir

XXii



AASHTO LRFDREEBEFONARME BKR K¥PR; N N TAS/
DOJRUSAL OLMAYAN STATKK KTME Y¥NTEMK
PERFORMANSI NI N BELKRLENMESK

¥ZET
Bu tez - afdré«frmemgeeihkchaq i bet onAASHI®O LRFDr k°pr
2017 y°netmelijine g°re tasayaestakitmepél mé
anal i zi y°nt emi I | e t-4 veaDd2édepeen| yearp € | aalnt €kn°d,

performahnse@emimwktir.

¢al ékmamiéemci ep®°kegmygpd giri kK ay @kélebumaelik t e
tez - eelsenkanyaaspéd & an | i &reernaat ¢drej-ianlid kmait i r .

nb? kki°nmpirnégdneg, n b et AASHTONIRFD 201/ar € mé
gRter . Bu lkaarpés avned &,° pkr°:pdre¢ kb
i t aneéeksed bmétk tveea . h bilitlepkpestylei gy

[ KlaraklOa\sgaarrértnéneydnm@laméktp@rp.éu
bilgisayar modelSAP2® 0 rograménda Brogtamal mgmt dg ¢
vedeprem vyg¢kl [ Il e y°netmelij imharfénp?® r d
yajpénarnd ian yapél méekter. Anali z sonu-1areéen
kol onl ar én bledamo@&ayangeélt asratr &m.

¢al éekxkmaoENn
y°net mely@p
malzeme® zel | i k
prefabri k Kk

®

_@

le
e
r

m
r
|
p
er

, nc¢ b° lrugamdmeayan dnadlf 1 - i n genel bivegil eno
onl arda ol ukacak pkleassittiiknima fnsoame nlio yeuy r
kK1 anméktééera , dojrusal ol maydnrneD®@Aal i zde
remlerine @%rae éynatspye ke lrargntd iak et ver i | mi
aber Y¢ksel Projedni nlhiazKerplrasd évjeé WKiayr:
ay e t asplearkf orranpaonrsu nhae dge°frleer i ne g°r e

S
aré belirleomiusal . olSmayahmas adé mk ar &
Il mi Kkt ir.

Do°rd¢nceg bol ¢

depremleri aB nda pe
[0}
Y

wWzoo® x--
DD ' O

é
|

= 35 TT O T

<
()

: yamdné&n dajpredenIR o/lemaDy
rmansé belirlenmixktir. E
kulan e 1 ar ak k e ni tsd aej ki ligarme evlgghek agdisl
kapasite ejri [ il e her mkspaletpmr eml adrué
beraber incel enip K°pr ¢rnlé¢enn miper f or mafnasl e
yerdej]i ktéinmae knadkatrar yapél amdat mnweapadal ipzi:
mafsall adéhe obg@rmhmegKkt ¢r . Pl asti k maf s a
t as ayraépnéel an Kk 2lghempdeDEEmdRBDP T r e mi altenwa el as
Kesintisiz Kulland&gden @leddjou maalsi sleemn miewt inr

= >0

Beki nicmd eb,®lckil ldeen sonu-1lar ©°zetlenmik ve y

XXili






DESIGN OF A REINFORCED CONCRETE BRIDGE AS PERAASHTO
LRFD AND DETERM INATION OF ITS PERFORMANCE USING
NONLINEAR STATIC PUSHOVER METHOD

SUMMARY

In this study, a precast prestressed concrete bhiagbeen designed as per AASHTO
LRFD 2017 specification. Additionally, performance behaviour under thel @Ribd
D-2 earthquake loading cases have besestigated by nonliree static pushover
method for this bridge which was designed.

The performance analysis of this structure has been determined as per relevant criteria
stipulated by the May Draft Reportrf®ailroad and Highway viaducts of General
Directorate Highways, Head of Superstructures Departmé&otsthe design and
performans analysis of the structure SAP2000, and for the moment analysis and
interactive influence diagrammes XTRACT programmes Hean used.

In the first chapteof this study, the purpos# the thesis was briefed agrderature
studiesrelated with the subject matteave beementiored.

In the second dapter of the study, structural concrete desifjtine bridgewas carried

out as per AASHTO LRFD 2017. Win this scope, structural dimensions and
materials to be used were introduced. Live and dead bridge loads were determined,
and prestressing design tife precast beam completed according to prestressing
calculationsThe lbads winch have beenonsidered during the design of thddgeis

given below.

1. Self weightof girder and deck
Asphalt weight

Curbs loads

Pedestrian railing loads
Guardails loads

Side panel loads

H30-S24 Standart truckve load
Designlanelive load

© 0o N o bk WD

Pedesterian loads
10. Seismicloads

After prestressing calculations, 2leptressing strands have been determined to be
used in the precast beaAs prestressing stress may exceed the alowable stresses, the
stresses have beenmputed for both support section asmhn section under the all
vertical loads with condition both trafer and service stage. After the stresses have
been compared with the allowable stessghicharedefined in AASHTO LRFD 2017
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specification, it hasdenrealizedthat thetensionstress irsupport section for transfer
stagedoes nosatisfy the requirenms with the specificationTo reach the allowable
stress, 4 number of strand have been debonded. After prestressing design, bending
moment and sheastrength have been calculatefls a reslt, tension and shear
reinforcement have been determin€denafer, a computer model of the bridge was
formed in the SAP2000 programand the stiffnesses of the elastomeric bearings have
been calculated to definetime software model. The model has bseiwith the frame
elements. All theprecast beam and slab haveeb defined with frame element.
Elastomeric bearing has been defined as lineer links. The connection of the
superstructure and substructure has beeviged with fictive elementsAll the
vertical, horizontal and earthquake loads together with their c@tibns as per the
related specifications have been introduced and structural analyses completed
acordingly. After analyses completed, the design ferdeave been determined.
Reponse modifiation factor has been taken 3 for longitudinal direction and 5 for
transverse direction according to AASHTO LRFD 2017 specificatitructural
design of reinforced concrete piers and pier caps has been carriedpautthese
analyses resultszinally, bending and shear reinforcement have been calculated for
piers andpier cap.

In the third chapter, a general information was given for the nonlinear analysis, and
plastic hinge height of the columns and momantvatue relations were explained.
Moment curature analysis has been performed using XTRACT software program.
Additionally, horizontal elastic design spectrush®D-1 and DD2 earthquakewere

given to be used for the nonlinear analysihe seismic coefficients diridge are

taken from Turkey Eéinquake Maps according to chossdd-Dand DD 2 earthquake

level. Thenafter, plastic rotational limits of the structural elements were determined as
per the May dr af't prepared by KGM and
Bridge and ViaductsAccordingto this report, fou performance levels are defined
which are immediate occupancyimited damage, controlled damage asullapse
prevention.

1. Immediate Occupancierformance LevelKK): This level of performance
corresponds to the situation where struatulamage does not occur or the
damage remains negible in the bridge main carrier system elements. At this
level of performance, the elements are expected to be linear elastic or very
close to it.

2. Limited Damage Performance Le\&H): This performanc&vel corresponds
to the limited and easily repairable level of bridge main carrier system
elements.

3. Controlled Damage Performance LeV&H): This level of performance
corresponds to the level of controlled damage in the bridge main carrier system
elemerts, which is not very heavy and often repairable.

4. Collapse Preention Performance Levdl G ¥ This level of performance
corresponds to the parash situation where severe damageucx in the
bridge bearing system elements. Partial or complete collapbe diridge is
prevented

Finally, stages of the nonlinear static pushover analysis were presented.

In the fourth chapter, a nonlinear analysis of the structure was carriednduits
performance determined under E1ILand DD2 eartquakedBefore nonlinenanalysis,
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plastic hinges have been defined at the end od the columftisis context, static
pushwer and capacity curves have been obtained using the SAP2000 program. The
calculatedcapacity curves together with both the horizontal earthquakes design
spectrums have been examined together, and tiierpgnce point of the bridge was
determinedPlastichinges have not been observed as a consequence of static pushover
analysis which h& been performedntil the amount ofdemand displacement
Therefore, kstic behavior has been observed under both thel Bibd DD2
earthquakes conditionand it has beedetermined that the bridgeatthe immediate
occupancyperformance level.

At the fifth chapter, the calculation results have been summarized and otedme
The resuis aresummarzedbelow.

1. Total length of a two equal span bridge designed as per AGSHRFD 2017
specifications is 46 m and pier height 12 @entral pier of the bridge is
composed of 3 piers each 180 cm diamé&tach span is composed gb&cast
prestressed beams each with 2Bmgth. Each beam rests on elastomeric
bearings at both ends

2. 21numbersof prestressing strands have been us@3 m longprecasbeams.
4 number of strais have been debondedsupport sections

3. As per structual analyis of the systemB73 2 mm reinforcement
direction and | hae bsen found fopesch pyton of the ¢ m
bridge piers

4. As per structural analysis of the crdssam of the bridge 30 nurats of 20
mm diameter reinforcing sté€ have been used in the longitudinal direction
together with triple 12 mm diameter closed stirruypsced at 10 cm apart

5. For the nonlinear analysis of the structure, plastic joint length has been
calculated and such joints has been formed at the upgdoaer section®f
columns

6. At the end of the DE2 earthquake performance analyisis witnessedHat
the horizontal elastic design spectrum has cut the capacity curve of the structure
at the elastic zoné\s a result of this, it is seen that no plagtint has been
formed.lIt is witnessed that under DD earthquake |laling the behaviouof
the structure is totally elastic and behaved in a Uninterrupted Service
performance level.

7. At the end of the DEL earthquake performance analysiss witnessedHat
the horizontal elastic design spectrum has cut the capacity curve of the structure
at the elastic zoné\s a result of this, it is seen that no plastic joint has been
formed.The arysis stowed thatunder DDB1 earthquake lading the behaviour
of the stucture is totally elastic and behaved in a Uninterrupted Service
performance level.

8. It has been acceptable to stay within Controlled Damage performance level for
the DD1 earthquake according to Highway and Railway Bridge aaducts
Draft Report.For this reason, it has been understood that dimensions of the
columns within the structure could be desed to a certain extent.
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1. GKRKK

Ul ak ém, ¢l kemi zin gelikmekte olan en ©n
demi r yoviadyaoléldermdazye | | aré ulsagémgmans gmellIn
yapélardadébazgl khemi zde, °zelli kle karay
gel i kmektedir.

Karayoll arénén ve demiryoll arénén en °©°ne
Ko pr ¢ lieve yvadigiecehn gel | er igie -¢izkeir i snadjelnamak i -1 n
yapél areder . Kepre¢ler yaygén ol arak yape

Bu tez kapsaménda betonarme k°pre¢lerin t

il kemajin Ardfadolhuatt é ¢zerikdadel mas aredan
meydanagelmektei r . Bu depremler sonucunda bir-o
¥zelli kle k°pr¢ gibi yapeéelarén al déjé ha
uj raméxkt drar EBenlyagarsiendi r mekyapéehmbkt aaok
Karayol | arér |GekngeM) gMepde nl adéjée keéelavuzl ar

i -in yeterli ol madéjé durumlarda twasar é mt
yabanceé y°betnm&HTALFdDr ivie AASHTO LRFD y°ne
gelmektedirBu y°net mel i k|l er i KGM taraféndan d
edilmektedir

AASHTO LRFDKeriyg&t mialyianém fakt°r¢gne gore,
kat sayél aré y°nt eamakb d. A4SHTCL RtFaDs ayr® &desd need a s
Amer i kak BDeVlextAIA&SHIT®ON deF,D y°netmel ijinin
girmi Kktir. AASHTKkeri | RgRnympet meliibare il e

tasarémeé alanénda kull anélan en yaygén y

11Tezin Am&a® swameé

Bu t ez - al e kmmagerniélnmed mlaicperpeektaosnta r ke r ibki r
depr eme day anyeakp el ntaasséa rveeméda@jnr us alile ol may ¢

performansénén incelenmesidir.



Bu kapsamda bir adet karagi u kK mrt ¢ass¢a AASHIE®O LRFD 2017

y°net meglliryap enlemé kt ér . Ardéndan, tasaremé yap
olmayan statik itme metm i | e el eman| aincélenipkemywlave d¢zeyl er
Demiryolu K°prg¢ ve Viyapgegrkfl @nr méemmseaeskltaidrd .irrapor
Kopre¢egnegn doj r us al analiznded soiluremamnlarlile aodlizngapgna n
SAP2000 programé kull anéel méexkteér .

12Konu Kl e Klgili Yapeéelan ¢al eékmal ar

Genelbavwigd ¢tréd knick t ar

Ko pr ¢l er ikonustindds ar @ynel | ar €
kel avway?aet mghykheéaméxkt ér. arBa yehat ke lkiél laerru

akajleda el eni ktir.

1. Karayollaré Teknik kartnamesi, 2013
2. Demiryoll ar e, Li manl ar vV e Havameydanl ar
Y°net meliji, 2007

3. T¢rkiye Koepr¢ Mgheaprma i Kliindlkei nT Teknol oj i
Geli ktiriKeneavuZekn2&l5

4. Sanat Yapeéel araordasaréem Kriter R
5. Karayolu ve Demiryol uakRapopur2919ve Vi yadg¢kl er

Bu -aléekma yapeéeléerken yukaréda bahsi ge-il e

i ncelienmi Kt

'l kemi zde, bu yayénrllagkink dE«wlnatal e rAimetra rkaaf éBni
y %etmeliklerdek ul | anél maltededri . i BenwWmeri kadda k°pr
-ok -al ékmanén ol maséder. ¥zellikl e, Amer i k
KurumuAASHTO) , k°pr¢ tasar émén ivd ny ayyéreltanedn kb
Kurumdur . Bmdbez AASHEOmMasar af éndan yayeénl an

2017 vV e AASHTO LRFD Sismik K°opr ¢ Tasar e me

yararl anéel mext ér .

Koprg¢ tasar @memelaiplell erikrenyy,aryé sérlae MASHTO t art
yayénl anan ve 201A5ASHETICENndBRKERVI zd | ediblien k

tasacédmgapél déj é deyaayréasrallarbd@Irme&«tnéerk.t e n



Kepre¢gnegn dojrusal ol mayan anadyindarninideai
rapora esas tasnlaakderjaep or Kaorl aayraalkl ayraey éve D

Viyad¢gkl eri raporu kull anéel méxtér .

Y°netmeli kl,eref ek Dol aKakl|l u Dar &l mazdén

Bir Yapénén Artémsalt €eamideKlea Merpfrermmank ¢D
makalesiveBsi fi k Deprem M¢cghendi sl ifJi Araxkterr
Yapél aréenén Dojruskédl aOJd ummabduamd aAmPagfabnkd r |1Ka n &
kirik tasarémeée yapeéeleéerkenhaPrbke Rrri Met.

Tasar emé syeamianrerainnédemé Kkt ér .






2. ASHTOLRFD 2017 6 YE G¥MREERKL MELK K¥PR] TASARI M
Bu b°l ¢mde, 2 a-éekl & ©°nger i20lfrye®l nie tbmerl ikjCipni
g°re tasaraemée Twuas@e léandak tkd°garogmegm i Kk n@f z el |

kull anél acakteér.

21GeneprgE°Bil gileri

¥ngeril mel il i prbeektaosnta r kdierakc® gt € o1l u46, topl
metredigr akK?® pr ékl al ar e (ekkekti KFl@u.pd,) t2a3d dry ¢
yékseklcimp iol B0 P mgl i preabri k kangerindé er i |

d°kme betonar me d°kKemehtormge nu Kk manoida d 8r. .7 5
Her bir pl at fmobamketae 1058 Kk a lad éarf & na b@ketvet ar af t
0.75m Kk al dan amk blar bieptatformi k i Keritlijobl@3p75«ke

metredir.| ti pinde ©°nger i | medmolakve hdplatiormmada n vy ¢ k

toplam 8 adet bul unmaktader. ¥ngeril meli

elastomer mesnetle i | em& mfpérieg, KPPy kesi ti krekil 2.1606
BOY KESIT

keki IK°2p.rly :boykesi ti



KCp¢ orta apeckn aorléa,n -3apéell daireded kol ondan
ayak tabliyeden] &Oclne nolyaink Ikearzié kk abla&kn lég é ve - ¢
topan12adek azéeék il e zemine il §gtumell3t ankitrr.edKaz ekl a

Kepre¢negn kenar ayakl ar & peamdve kanai perdesi ol u p, g
kal énl éjé& 150cmé6dir. K°pr¢ enkesiti kekil 2.

OTO KORKUILUK OTO KORKULUK

YAYA hOR{L'U.IG..! ’ YAYA KORKULUGY

PREKAST CEPHE ELEMANI
-,

PREKAST CEPHE ELEMANI

| |
keki IK2p.r2s, :enkesiti

Prefabrik kerbkia awghkoklsoant kkuel sBahtei e\t laenk ilkimi X.t i r .
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2.2 Malzemeler

Bu b°hegmael arda kudlleanal-&@kdlanma&lkz &m .

2.2.1Beton

Kull anélan ©°nger mel i beton ve betonar me
senéfl andér mal ara uygutnond laac aakktaéjrée d aK ud il zae

veril mi ktir.

¢Ci zel gkeul2.alnél aehkabéton sén

Beton Bet on f¢

Tabliye betonu C30 30
Prefabrik °nger C40 40
Kenar ayak, orta ayak, temel ve C40 40

y a k|l aké nb eptl canj |
Fore kazék b C30 30

222Donatkeéi ]

Kull anél an donateée - elsiéjniefTedm8 2Gadky @&irg?
akma dayana@&dngam?2®¢s WPk ol acakt éer . Hesapl a
AASHTO LRFD Gr adaeybn0é dool naactaékstée ri.l e

223¥ngerme ¢el i fji

Prefabrik I kesiil ki ri Kkl erde kul |l aneél actikz €lnggee r2me2

deveril mi ktir.
¢i zel gler d2geZr me -el i ji ©°zellikler
Taném ASTM/A416-2 Grade 1860 Tip 270 Ksi
Senér -ekme di fs=1862MPa
%louzkmada akm fy=1676 MPa
Ger me a-nelnidka k-i 0.75*s=1397MPa
Anma - apeée 15.24mm
Kesit al an 0. 6 1l40mav/hdlad
El astisite 195,000MPa
Gevkeme °ze %2, 5 (D¢kek gen

23Y¢kl er ve Y¢gk Kombinasyonl ar é

Bu b°l ¢mde Igo%sphie ceehareketly ¢ k1 er ve nyask okbmbé

veril mi ktir.



2.3.1Zatiy¢ k1 er

AASHTOLRFD2 017 y° meétl man P 15e 1l0epr ¢cye (DFel ecek zat

hesabénda kull anél aaxka&] &da ivre rhialcmink taijréeor I ékl a
Betonar me :P50QkdI/Mu i - i n
¥nger me b e2500kN/m’i - i n

Grobet on i:2400kN/md

Donat é& - el 78p0OikN/m’- i n

Asfalt :22.5 kN/m?

Bu bajl amd& rk°meatéirnegsni ne gel ecek toplam zat.i

hesapl anméxkt ér .

Ci zel gke® pr.¢3ye:zgeli egekl er .

Ki rzatiaj ér | ej e 0.5531x25x8  110.6 kN/m
Tabliye zat. 13.75x0.25 x 25 85.9 KN/m
Toplam zati y¢ k 196.5kN/m

232Kl ave zati ye¢kloer

AASHTO LRFD2017b° 1l ¢m 3. 5. 10e g°re k°e(DwWwye gel ecek
¢i zeWogey ex.i | mi Ktir.

¢Ci zel gre® pr.¢dyeecgke i |l ave zati ye¢kler.
Asfaltan gel ece 0.08 x 11.5x 23 21.2kN/m
Kal dér ém aj e 2.25x0.28 x 24 15.1 KN/m
Prekast cephe 2x0.08x0.7x25.00 2.8kN/m
Yaya korkulukh r é ndan ge
: _ 2x15 3.0 kN/m
zati ye¢k
Otokorkuluklag c:la: gl;(elecek ilave zat 2% 05 1.0 kN/m
Filigranlardan g 7x0.05x0.465x25.0C 4.1kN/m
Topl am Klave Zati Y 47.2KkN/m

233Trafi k ara- y¢kl eri

Bu b° IARSHTCLRFD2 017 y° mét penl i3]. 6. 1. Gefeeck g°r e k°pr
hareketliy ¢ kdere(kL) t r af i k awaeri lyfgikdteirny.e kIl er i hesabé
standart kamyon y¢ke¢eg ve ekdejer kerit ye¢gke o
al énacak ve dabh!| eme er lad aif 2 syeappbadpney ak a&r .

kK pr ¢ 182340 senéfénda ol acaktér. Tg¢rkiyedeodki k



2017 y©°nnbetlngem i J.i6. 1. 2

.206de ver.
ol duju 1 -1imn

|l en kamyo
tasar @émda Teg ilek iayseadr ceem wearpiéll ear

Ameran y°ald3,m24 iKkamkddu 2k 4 ve 2.506de ver

Ot O

35000N 145000N 145000N
4300mm | 4300 to 9000mm |

600mm Genel 77800&1.!‘“ ﬁ
300mm Dsseme Konsol

Tasarim Seridi 3600 mm

keki IARSHITQ LRFD Tasarém kamyonu

I ) —
) @
I : _|_ Ded2S_~ $00am _,!
oI __|oaw uu__( 3
T j;' 7o W =3_00 kN
B ol (e S=75 cm
5 5

keki IH3 @S 254 :Tasarém kamyonu
Standar't

Kamyon Yg¢kg
Trafi k ar a-

y ¢téplaraek e r iatr asea yséssmédnftee ndeegiyril. il ldi J |
Tafi k ar a-

y ¢ k| eakbilgi lrees athisEredia ek @It li d mli &t i r

¢i zel gler a2f.i5%k :y ¢kl erinde .kul |

anél acal
Ar a - sénf e H3071 S24

Dinami k fakt°r (AA
(1 + IM/100) 1.33
Toplam kKerit 2
¢okl u et(RASHTOdRRDO r 1
3.6.1.1.2)
kerit geni kl 3.75m




¢ ok |l uf aekttklir ¢ , t¢em kKeritlerin ayné anda dol u

yeéekl eri I 1 e - arokd luaaskttkdinr ¢ - aAABIHTOGrLRFD y°net
bl 3m6.de 1k 6t atil wotdiam. -K%kpd¢ 2 Kepokt i ol mas
etkif aktl? 100 s etC-oikllnmi kettikri. fakt°rg¢, dejerl eri Ci z €

¢i zel gteo k2.u6 et ki fakt©org.

Yekl ¢ Ker i okl u et ki 1
1 1.20
2 1.00
3 0.85
>3 0.65

Dinamikf a k tAASHIOL RFD y°net melijJinin blemgm 3.6. 2.1
g°re hesaplanmekdodeugledeeaeki emi ktir.

p — (2.1)

IM, dnamike t ki plypztd e<ilfég ed a2 . g ° r AASHTOJLRFD@GO1D i
y°net nabloi 36i2.116 e g°r e M 3iBu etkiesadede kamyon
yeéekl emel er i ile -arpel ép dijer hareketli y¢k

¢i zel gM\SHTIO [ZRFD Tablo 3.6.2:1.

Eleman IM

D° keme TidB¢gtzdgnersénér du 75
B¢t ¢ n elamarlae r
Yorul ma ve kéreéel ma s 15

B¢t ¢(Jnerdisénér dur uml & 33

Sonu- ,a&alk&itdalgX.r ¢l d¢j ¢ giHBOS245k4a myy @ m 6 | yuekk ¢

et kitil erek tBws akraémmy oyma pyé¢ kacc aak-téékrl.é kt a en el ve
ol uka ki r m eekitiléoektr veya SAP2000 prlolgareketihé ar ac é |
kamyon vy &kné mll amrEaakeHld tvéerr.i ksi z tesirler i se,

e
y
noktasé ve kendisine en yake&néky£KIléenmennionr tar

nokt as én éolukkedsra.myt o mwem ek¢ k|l eme t itipi kekil 2.660
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240 kN 240 kN 60 kN

B854 |

240 kN 240 kN 80 kN
' !
1 425 L
A
[ 1150 em L 1150 em [
T il

keki ISt2a.n6d a:r t k @lmiy rethkiklrgegi k ¢,

Ekdejer kerit Y¢ke

H307T S24 sénéfée k°pr¢l erkekilt ¢2n. a6 ek ee &t iblod
bakéna 15 KN/ m d¢zgeéen nyaaykedréi ty ¢lka kvéen aa - 163k
yé¢k etkitilecektir

135 kN

S S S P P P P
A

2300 cm |

keki IEk2d.e7] exr kKerit .yegkenegn et kif

Yaya yveéekl eri (PL)

AASHTO LRFD2017y ° net mel i Jinin 3. 64 i1].16 ®°6 ¢;megtnie
fazla olan kaldeéerémlar i -2iath & n pBwadah dhra.r e k

hareketl e yaya y¢&r,. akaj] eéda hesapl anméxt

PL = (1.50 + 0.75% 3.60 = 8.10 kN/m

234Deprem Y¢ k1l eri

K prdé¢e,prem davranéckbOkalteag otrr ¢lsi al2amNea ngl as
bunaé k gek elanmat perlyadanurt 75 vy é | ol dugtas rceerpr e m

yapélacakteéer .

Yatay el aséekkrdmsaf € msREBP2 0 IATASYHTrOet me |l i ] i

3.10.46de verilen akajédaki form¢gller 11
3 ! 3 I — nm 4 4 (2.2)
3 3 4 4 4 (2.3)

11



3 — 4 4 (2.4)

3 3@ (2.5)
3 3@ (2.6)
I 0' 1&D 2.7)
4 — (2.8)
4 TR 24 &

Burada,

Ss:El asti k spektrum katsayeéené,

S 0.2 saniyedeki kaya ¢zerindneé ,bulunan yat a
$:1. 0 saniyedeki kaya ¢zerinde bulunan yatay
Sps: Késa periyot b°l gesinétasarém spektral i v
Spi:lsanye periyot b°lgesi tra&sarém spektral i v me
PGA En be¢widgk yer i vmesi

As:Saha katsayenée biglyg k- grepeéel méanesi ni

Ts:Spektral i vme kmtbayemseéaenoparalkoheaapl an
periyot, k°ke periyodunu,
To:Spektral KeklIi belirlemek i-in kullaneéel an

Tn:MO0i modda bulunan titexkim periyodunu

Fa: Kvme spektrumunda késa periyot araleéejé i-
Fv: Kypekt rumunda uzun periyot aralejé i-in s
Fpga: Kyekteumsgd a séef ér periyot i -in i-in saha kat

g°stermektedir.

Tasar emé y apreyerlczaekmi k ° pBréyingfr & k veril mi ktir.

tanakkal e bl gesi nde kpodn&lberaalesneé40.30% een| andeéj én
boylam 26.656 0larag i r i |Tngirkktiiyre. deprem tehli ke harital a
koordinatlar, zemin sénéfé ve deprem yer har

edilen sonu-1lar ¢izelge 2.706de verilmixktir.

12



¢i zel gSep e2k.t8 a:l Il vme katsayel ar é, PGA

Kés a p eritdspetttaltivee hkaat s ay 0.822

1.00 saniye periyot i-i 0.250
En b¢yek yer(@i vmes 0.341
Enb ¢y &k tyé z demfsrh GV) 22.901

Zemin séneéef3HMliB ipne HPIGAePe 2. 90 dZem nl .sCEM esf e-
Bve S=0.822i - ian @i z eddgeen 2 .11.000 se- Bveng=&26G r . Ze
I - ivwn i z edgdea 6@s ElL-1i | Mk &t e d ak i s &ri azAASMJI@d e r
LRFD 2017Tablo 3.10.3.21,3.10.3.226 d 8.10.3.23 6 d®&Iné nmé Kkt ér .

¢i zel gPeGA2ni9ziemi n fat sayéseée, F

Zseg"ﬂ s PGA<01 PGA=02 PGA=03 PGA=04 PGA>05
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
0 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 25 1.7 1.2 0.9 0.9
F a a a a a

¢i zel gKégalperiyot b°l geagisaiy-€ise, z d&mi n

Zemin.  ss O  S$s=05 Ss=075 Ss=01 Ss O
Séné

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 12 12 12 1.0 1.0

D 16 1.4 12 11 1.0

E 25 17 12 0.9 0.9

F a a a a a

¢izel gé 8amilye periyot b°l| gesié,i -Fin ze

Zemin N .
Sane SO 0. =02 $=0.3 $=04 SO 0.

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 15 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 35 3.2 2.8 2.4 2.4

F a a a a a

Zemin ivme katsayéel aA£LSssSei-TsveDhakajeadasloinr @i
hesapl anméxkt ér .

As= PGA X pga= 0.341x 1.00 =0.341g

Sos= SX Fa=0.822x 1.00= 0.822

13



Spi= S x R = 0.250x 1.00= 0.250

4 ™ 1T T

>
4 TG4 T8 TOP

Ol uklanyart ay el ast trukukteaksiar é2m 8sbpdeek ver i | mi ktir.

4

+~ 0,900
@

X 0,800

€ 0,700

>

~ 0,600 \

x 0,500

o \
2 0,400

7 \
g 0,300 \

£ 0,200 AN
(9] ! \
T ——

0,100 ——

0 1 2 3 4 5 6 7 8
Periyot (sn)

kekilYa2t.a8y el asti k tasarém spektrun

AASHTOLRFD2017y ° net ablb3.0B1 ya g°re k°pr¢gnegn yapel

2. Deprem b°l gesi olarak sénéflandéereéel maktad

¢i zel g AASBETOLRFDYy ° net mgf ej daprem b°l gel er i

SD1 Deprem b©°l ¢
SD1 O 0.1 1
0.15 < SD1 2
0. 30 <058D1 3
0.50 < SD1 4
Zemin sénéfe ve etkin yer i vmeg,denkkembajl & ol a
21®6de verildiji hesaplanmaktader.
@0 ' 3
# p&—}, ¢® 19! ¢H M
4
Burada; SPGAveTns ér as éyl a, zemin ipwnoef iklatksaa yséasyée,s emo i
moddaki titrekim periyodunu ifade etmektedir
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235Y¢k kombinasyonl ar é

K°opr ¢ tasaréménda, yACAnBatTIBCilLRBIOD e 2 VEe7® i | e
kombinasyotar k ul | an &P mek ned%rig ekombi nasyonl ar ¢ i

veril mi ktir.

¢i zel g@®asd®gndlad kiul | anél an y¢k kombi nac

Katsayél ar
Y¢é¢k Kombi
DC DW LL/PL SPEKTRUM

Dayaném 1 1.25 1.5 1.75 0
Dayaném 2 1.25 1.5 1.35 0
Dayaném 3 1.25 1.5 0 0
Dayaném 4 15 1.5 0 0
Servis 1 1 1 1 0
Servis 2 1 1 1.3 0
Servis 3 1 1 0.8 0
Servis 4 1 1 0
Deprem 1 1 1

24Pr ek ast Kirik Tasar émeé

Bu b°|pgkasvek ompozit Kkiri ke, sidlbeirtedine® nhgar e k

hesabéhgyglapte!| €pyésé bulunmuktur.

Prekast Kkirik ve9 Hveenrpiolzmitk tkiirr.i Kk keki | 2.
160
130 150
120 140
l.\ /.I. 110 130
\\ // 100 1 1 120
o B NN = i
0 Y

90

0 80

80 70

= 60

50

40 40

30 30

20 20

10 10

L]

[ 100 -50 0 50 100

-100 -50 0 50 100
Prekas Kompozi

kekilPr2ek%s:t kirik ve kompozi't

15



Prekast Kirixkin, kesl ek amankeziamniah el mowme n ¢ i
mesafelerv e alt ve ¢st kesitin ndddévaevreiniemi kroinre.nt | e

¢Ci zel gPrekask1 4 ik ©°zell ikl eri
Kesit((AAl aneé 5,531 cm
Atalet momenti (lg) 10,416,967 crh
Al't kesitin ajérheéek 66.55 cm
i st kesitin ajeéerlheéek 53.45 cm
Alt kesitin mukavemet momenti (\V 156,528 cr
! skesitin mukavemet momenti (W 194,898 cr
Kompozit kirikin, kesit alané, atalet moment
mesd el er i ve alt ve ¢st kesi Boidne mvuekra v emmektt imo.
¢i zel gBompozitkd r:i k °zel |l i kl eri

C40 El astisite mod 33,836 MPa
C30 El astisite mod 29,303 MPa

Mal ze me @Esanée (E 0.866
Etkin tablé&g§ye geni 150.7 cm
Kesit @l anée (A 9,298 cm

Atalet momenti (lxg) 20,359,440 crth

Altkesitna] eér | ek mer ke®@ z i n ¢ 93.27 cm
Tabliye¢ st ¢n¢en aj er | ék MPr k 51.73 cm
Kirik ¢asjtérkledski tmenr keeZ)i' # 26.73 cm
Alt kesitin mukavemet momenti (M) 218,285cn®
Tabliye¢ st ¢negn mukavesdi®) m 393,572 cr
Ki ri k ¢ smukavemet inamenti (M) '« 761,670cm®

2.4.1Sabitye k|1 er

Bl ¢emveBr 8 ¢,In 2. 3. 206 dktopkaf pati yeylaweag e | eyccek hesabeé
yapéelmexdalégpele2 de t opl am sabit yéeklerin kiri
é

bakéna gelecek sabit y¢k hesapl anméexkteéer.

Ci zel gKi i dgelBoeksabity ¢ k1 er .

Yk tipi kKN/m kK N/ m/ |
Kirik zat.i aj 110.6 13.8
Tabliye zati ‘ 859 10.7
Topl am zati 196.5 24.6

Toplam il ave z 47.2 5.9

16



Sabit yée¢kl erdemksdgdomamée kes uk akivelshiarnié | hea

momentl er ve kesme kuvvetleri akajéda he:
: &f“ woRE. TEEOEHh 6 puSE TEEOEh
: &f“ \ TE . TEEOE R 6 pc®E TEEOEHR
: ”&f" o ot . WEEOEh 6 ok TEEOEHR

- - - - cni@®E. TEEOENh

6 6 6 6 OoTHREITEEOEN

Burada sévwdikdylia,i nMkendi zat i aj érl ejéenc
kesme kuvvetini, MveV2t abl i ye ajérl ejéndan dol aye
kuwetini, Msve Vadi J er il ave zati yé¢kl erden dol

kuvvetini, MgveVgt op | am s abiltayye¢ koll eurkdaenn mbane nt v e

ifade etmektedir.

242Yaya hareketl i yg¢kye

Bl ¢m 2. 3.306 de yaya harekméktie.yBlk¢eb81 § mEk

bakéna gelecek hareketl i ywhk |lwe hwe syapH taer

Kirakéma gel ecek hareketli y¢k: 8.1/8 = 1
8t 4] A e 4 sz

- % @Y. FEEOEN 6 p @E JEEOEh

Burada M ve Vg4, séraseéeyla yaya hareketl yékend

maksimum moment vedsme kuvvetini ifade etmektedir.

243St andart kamyon yg¢kye

Bl ¢m 2. 3. 306de dieS2bde Isitratnidladrit] ikKHBGMREDN H/3:0k ¢
2017 yOonbetlment i3J.i6. 1. 2. 206de verilen kamyo
ol duj u i -1i niS2ésstaarnédnadrat H3aOmy on vy ¢ke¢ kul |l an

Standart kamyon y¢ke¢egnden dolayé tek bir
hesapl am&kR 0i0-0i p,r oA amenda standart kamyo

17



kirik modBekemlimext yg k| erkiinn n¢ ztearm ncel agrealkd i K iir
edi | mitkatnidra.r t Kekfy10omd ey ¢od ¢duj u gi bi model | enmi

){ Vehicle Data »
Vehicle name Units
Standart Kamyon voko KM, m, C L

Load Elewvation

'] 1 l
Loads
Load Minimum Maximum Uniform Axle
Length Type Distance Distance Load Load

Leading Load » | Infinite

0, 30,

Leading Load L Jo. 30 |
Fixed Length 475 0, 120,

Fixed Length 475 0, 120,

kekil SRadfGart kamyon s.gkegnegn model | e

Standart kamyon vy¢ksistneondedd &Inidazikt gap&lomé@ra o
2116 de g°r ¢kdgj g @dmeaEmta ksamyon nyakskngmden dol a\
moment1239.1kNm, maksimum kesme kuvwwe2B6.7kNb ul un mukt ur .

Zz

AL

[T T ==

12391

Z

%%\;l.\;\;\‘\;[.\;\;Ll,\‘\;\;{,LLLL{,LLL{.LLLl,LLLLLLLLL;_

€23s 74

kekil SRamdmdart kamyoén nyagkks¢ nnduerm id-o lkauyv v et |

El de edil en bu depOamBlPersm BASHROYleREDBre dinar
(I''M) ve KGM Yol ve a@me(r k9 23) igadmedtekma kl &k
dajelem fakt°r ¢ ¢(S/1.65) ile -&rpéerakakrbaeae
olup 174 santimetredir.
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T e e a2
- p&o-g%%uﬂp CP wpx oE. FIEEOEh
6 p&o%ﬁ@c &p c 0E JTEEOENH

Burada,MveVss ér aséyl a standart kamyon y¢ke¢gndet

momenti ve kesme kuvvetini ifade etmekte

244Ekdej er kKkerit y¢ikl eme

Ekde] er «keH30itS2v¢ Kkl°pme,, IselniEdd éda.agy9sSrer il di
Keritkibakkena-ékl é&]Jé& boyunca d¢gzgen yayél
135 kN et kit ihleesraepkl ai n-mékkutvévre.t | er

270kN
q =30 kNim

| 2300 em |
T 1

kekil ERdé&Peeyrg Kk ¢ n¢gn et ki til mesi .

D¢zgen ypkyelme ve tekil yé¢k SAP2000 prog
yapél mékteéer. YapeéelBhdanwdr izli miomtuind alr &n & e &
maksimum moment 3536.3 kNm, maksimum kesme kuvvet ise 480 kidkola

bul unmuxktur .

H \ \ J,H_,U,_\,,U,_U_,\,LLL,L»»—»@

T T TI I T TTT TT TT Eﬂ
%L [T I h

keki |l ERd&@Ber «kabizsonucu.y ¢ k¢ an

El de edilen i- kuvvetler, di nami k et ki f
kirik bakéna gelen i- kuvvetler, standar:
kuvvetler i EBbakaWwasélrama yap
& 0D0cd® 03 A
- p—ZE(I)OTE.WEEOE-h

(¥
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[0k o) QTZLBT[

6 —0 o T @E JEE OE
Keyasl ama sonucu standart kamyon y¢kenden dc
fazla olduju i1i-1in °ngeril mei hesnabédéaoabbaysetahdr
i - kuvvetler kullanélacakter.

245¥ngeri |l me hesab

Bu b°l ¢mde, hesaplanan sabit y¢kler, yay ha
etkisi alteéndaki prekast ¥knigreirki il nme® ndgee rkiull nhea nh

mal zemel ell7/6dezebgiel hi Kt i r .

¢i zel g¥n@ge dnvalzameleri

Mal z e me ¢

Malzeme Malzemes e ne f é (MPa)
Prefabrik C40 40
Tabliye betonu C30 30
¥ngerme 270K d¢k¢gk gevk 1860

2.4.5.1Malzemelerin emniyet gerilmeleri

Bu b°l ¢mde ,heSadpenidlamekul | anél aldaarda veol an mal z
servistekiemniyet gerilmelerh e s apl anméxkt ér .

Prefabrik kr i Kk b et onunun aktar ma VAASKIOLRFDst ek i e mn
2017 y°mBetl mpa2yib]. 9Cirzel §de2 v 18i]i ngeikbtierhesapl a

¢izel gPr2f aBr i k erhniyetgeilmeletib et on

Malzeme Aktarmaa n é n d a Servisanéndal
dayaneéem(M dayanéem(M
Bet onun bas: & p Y ™ E&E po
- ™ OF of
Betonun -ek| T&@WOdE 0B

Burada,

fc:Prefabrik kirikin serviste 28 ge¢nl ¢k dayan

fei : Prefabrik kirikin,yankfinarnma%7asndénnid a ki dayaneé

gestermektedir.
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¥ngerme -elijinindl6zehmd hikjliemdenASTak mfa da
AASHTO LRFD2 017 vy ° negterelkimei ndeay an é méa K t%9r0.6 n é

¥ngefreamkeijinin °xeltl igllredimev eodrd annvseer iC¢linzieklt

¢Cizelg¥ngedmme: -elijin °zellikleri ve
Anma -s99peée (A 0.6
Anma kesit al 140 mn?
Kopmadiy angme ( f 1860MPa
Mini mum kopma fs X As = 260.4 kN
Akma gerilmesi (f") 0.9 x £=1674 MPa
Mi ni mum akma fy" X As = 234.4 kN
¥ngerme- el i Jinde el astik késalma kaybe, be
-elijin gevkemesi, s¢rtenpme alamapl az ér o et
6adetnger i | me kaybeée SHIOULRFD20k7ty & chéert . meAA]T i ni n
59306 d e, bhemMdirienr &&ynr € hesabé vyyond tproglam k . Ar

°ngeri |l medakiayseogpnraa éat ki rdenklem 4l vadenklahe j er i n
2 . #le2 @erilen denklemden herhangi birisini kullanarbke s apl an mas én a

vermektedir.

A T™WE 41 DIEMUgBy WE 1TuU+ P p

£ TOE pXtTUL+ TROE P q

Burada;
fer. Etkin® n g e genimeesinj
fo kopmad ay an é mén é ,
17K: Elastikk € s al ma ve aktgaernvmaknReysanmEsar &k abl o
45K: Toplam® nger i | me kaybéne,
K: Amerikanbi r i m si steminden dol ayé dejeri 6.8
gestermektedir.

Denklem212k ul | anél arak °nger me kayeéeplaré akaj
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"Ahl El GAOI dg@R Yo x B@wupT @w 0 A T Yo m
OBEHICAOE A pt @w T UL @@uppTEw A
OEEATCABDA O ADEYDpa md p VBE .

2.4.5.2Kablo adedi tayini

Servis durumunda Kkirik a-éekl é]jéndaki bet on
kablo adedinin belirlenmesinde etkind#eton alt lifinde meydana gelen maksim

-ekme gerilmesdenklem2.18t e ol duj u gi bi hesapl anmaktadeéer
0 0 @A

Burada,

002 Komtixsénda maksimum -atlama geril mesini

Per. Betonaverilmesi gerekenetki ° nger me kuvvetini,
e: eksantiristeyje=ys-0.1),

Omom: Denklem 2,146 t e hesapl andéj e gi bi kirik czeri

yékl emel erden dol ayé olukacak -ekme geril mes

g°stermektedir.

A P T
Denkl em 2. 506de iKoglupsiabd ¢] evrel ehraryereitn @ y ¢kl e
olukan geril me akajéda verilmiktir.
A ¢B-0A

Beton -ekme esiBi2iNPy ed | dyejru | im i n gtlftel7€&ml er den d

MPafazladan- e kgner i | me bul unmaktadeéer. Yani veril ec
lifte enazl7.2 MPabas@ga@ari | mesi ol ukt uklngaislé gtesrne kdneejketrelc
denklem 2. 46te yerine konuldujun veril mesi g:¢

hesapdnmeé Kkt ér .

0 0z oo pgm
Re ¢ ® VUEPT p ULV o8,

0 O C UET
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e~ . OCUT L Al f v e o m Ao s
(AIAAAO&AEP%, ¢ B ATOMU@dAiée EISl EhOEO
Toplam veril mesi gereken efektif °ngerm
kuvvet inmesiilebtéplaphalat21 adetb ul un mémxeirumme. hal atl ar

kesite yer HUbedkda ng° skteekriill n2i.klt i r .

# |
| ﬁ(
— L
(I X T X T X R
L X L X R NN Tx0E
A 000000 /‘?xO.é'
kekil ¥2gévdme hal at.l aréenéen yerl e
2453Kesit takéma kapasitesi kontrol ¢

Takéma g¢cy¢  Kkkoinrtirko l¢ez,erpirneek aysetr i néa& dak me
analizedilecekttSabi t ve hareketli lyehk|l momdemt det at

¢Cizel gde2v20i |l mi ktir.

¢izel g¥¢ Rl 2Mmet erden dol ayé kesitte o

Yokl er Moment (KNm)
Kiriygegkagti M1=9125
Tabliye zat. M2=707.5

Asfalt, kal dérém ve ¢ M3 =390.1
Yaya y¢ke Ma =67

H30S24 Kamyon Yy Ms=1737.9

Kiri k momeheskhppasmadan &de ev &riizled ey 2k 12¢
dol ay é gelecgkdominaghimomente nk |l emk2 . D5 dde hesapl ané
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- PR V- pBZ - PX ¥ - LX@KE. T ¢
Burada,
MpL:Ki rviek t abliye zati y¢klemesinden dol ayé me:
Mpw: K2 atvie y ¢kl emel erden dol ayé meydana gel en
Mw:Yayahareketl i y¢ke¢ ve tr agélenknomegtk ¢ nden dol ay .
g°estermektedir.

Kesit takéma g¢&keskantnr dli k,d°kadamgpenziktesi t gi bi
sergil emedi]i i rdel enecektir. Kesit basén-

kal enl €] énéndii kd©akdtesgidtra Ivaakomraya@,mé er | gapeéel abi |l i

Kesit t akK & ma °gnsccesl ighedr seaeb®end con-autwé somtaddma u
gerilmedenklem2.16 de ver i | di Ji Qi lbd° kheesgiatp | kaonnatcraoklt ¢e ri. -
AASHTO LRFD 2017k ar t na B®Is 4 m.B.Mde verilenilgili baj ént el ar &
denklem2.17velen k|l em @r i Bohdet vr .

E [ z EZE)Z/CE
pr— V= QN0
!
b —
AR P X
. bz /E Y 2/ e fee
A T ¥ Az Z A @ v
Burada,
fs ¥ ngdeornmaet € snén ortalama geril mesi,

fow ¥ nogdeornnaet e sénén kopma mukavemetini,

k: AASHTO LRFD 2017B° | ¢6315.10de d¢ke¢gk geviR&Emeld -eli
verilen katsayéye,
p: ¥ndenmetaaém fkawitte ol ukturduju geril meyi

be: Etkint abl i ye ,geni kKl i Jini

dp: Kompozitk esi tin faydal é y¢ksekliJini,
As Kompaitk esi tt eki -ekme donatésénén al anéne,
As:Kompai t kesitteki baggén- donatésénén al ane
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fs: ¢ eckaomeat ésnén akma dayanéméne,

ff:Basén- donat ésénén akma dayanéméneé,

b geril me bl AAASHTO LRKD2017B.°nl¢s¢6025 . 26de bet onun
mukavemetinkg g°re 0.7599

g°stermektedir.

Denkl|l emg?2.rk6®yager me douwngetimesvedenklem 218/16wek t ur d

g°re keqi-tib? |l lmpesi akajéda hesaplanméxkt ér
ey, CpPpTTM pUeT ;
£ pyeTp TXUVUWEPULTEXPTULUTPCT TT puw@se 0A
. CFPTIPUYMMO T T oo
A T[EﬂJLHﬂns(uu;(punxpoap”
A rzA pniti c¢uiri
Yukar daki hesaplarda g°r ¢l dejé¢ é¢zere baseérl

i -1in kesit mo ment diakde®nkaé genHc ¢vamhesayg@imaEr €

hesapl anabil ir. Ko mp o myi¢gtc ¢ k ASAIStHITR01 7 drrireDn  t
Kar t nBeB°me3fB.20 g ° deeklem219ve2206a g°r e hesapl anma
- BZ- P w
- 'Z/EZAzAlzﬁEZA—!Z/EZA—nEﬂJU"-/E
z A A zEzf‘ E c& T
¢ C
Burada,
a AASHTO LRFD B°l ¢m 5.5.4. 20demetnger. i
takéma Bblelganak nver di i kat sayéeyé,

Mr: Kesitihmo ment takéma kapasitesini,
Mn: Kesitinnominal moment kapasitesini,

ds¢ekthenat ésénén ajérl ék merkezinin kesit

ds Basén- donatésnén kesitin alténa ol ar
b:Kesitinbasén- b°l gesindeki genixklijini,
bw: T veya lprofil i kesitl drénil-éijreng®,vde ka
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hi: T veya | profi i kesitler i1T-in ¢st baklek kal énl éj e
g°stermektedir.

Kesitin, mome&inkd?tkeeksgeta vied cdyadaji e kabul ¢ yapel
yapéldéeje i-in ilk teri ml dpbeakecm@&BOke dijer t e
denklem 220k ul | anél ar aleshesapmamamnt, ki @ammé ma dgac ¢,
dol ayé meydana gel en vmorkerstiti he mheégas!| dammaEg
a-eéséndan bir apkraojipd dedne mi lomimatdiej &

PTT

- PICEPTTPYME PTUPCT = — ZpT @ Y pEo.

- VX GE . |

Minimumdonaéor ané kontr ol ¢

Prekast Kirikin retjridIlmgen dteank ésnan rgag argir nkilomu m d o
yapél acakt ér .201AB\°SIH/BO 33 . RékDgj°cerdea veril en denk]|
en az birl amamaséndonr smignda mi niunukabuldonat éneén

etmektedir.

5- - & p

5 - Py & - C& ¢
Burada,Mcr, kes md ed el &t nighredsea pl a n mienklenoRludi nv e
kontrol ¢ akajéeda yapél mekter.

QUPD G ¢ wyaE. [N

Denklem22 s$sadej e i -in keys®% dgmyetedidrBumydadaneé
kesitin alt ucun d6éntritaldéo, nsagteet | ekituinmai | miek B8 O
2.4.5.4Gerilme kontrolleri

Bu b°l ¢mde °ngeri |l mel i kirikte, aktarma durt
¢st lifinde meydana egelken rg e rGllumealne rg ekra ntnred le

emni yet ger i lknedlédylagmmeax&ktod rs.a

Sabt ve hareketl i vy¢kl er dmeydandjyeen geyildeerk esi t i n al
¢Ci zeRlgde2veril miktir.
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¢i zel g 8abikvehdréketly ¢ k| er den dol ayée kesitte

Gerilme etkeni Moment___ il rol “ bo KEeme
(KNm) Ualt Uy st lifi
(MPa) (MPa)
Kiri kin kendi 9125 5.8 4.6
Tabliye ajér 7075 -45 3.6
Asfalt, kaldérém 3901 -17 0.5 0.9
Yaya ve trafi 18049 -83 2.4 4
Toplam y¢kl e 17379 -203 111 4.9
Burada;
Uat: Prekast ki rdanagelengerlinteyi,l i fi nde mey
Ucst Prekast kirikin ¢st |ifinde meydana ¢

g°stermektedir.
Serviss af has é

Servis dur umu, prekap&tl akl@lkii yke ybeerti onneu npornit:

dijer t¢egm il ave zati yiekinobmaduiurhder ber aber
Servi s durumunda, °nger me hal at énda t ¢
°ngeril medeunk and olgaeyré | mé hfeSragd rair lémeal a k e\
kull anél mékteéer .

Servis durumunda prekast Kkiri K.i nBwrypzsdckte rk
servis durumunda, a-ekl ek dr tkasrénkd an, a°lntg
l'ifinderol mebher gee ni hai durumdaddel ukar

veril mi ktir.

¢i z el g BerviddurzirBundakgerilmeler.

¥ngeril me kuvvet. 3261.3
¥ n g e e momemti (kNm) 2650.5
¥ngeril meden | . s(MPa) 7.7
gerilmeleri Uait (M Pa) 22.8
: 0. s(MPa) 11.1
Yékl eml erden o Clatc (M Pa) 203
. . 0, s(MPa) 3.4
Kesitte o0 fedlmeaen Cla (MPa) 55
¢CizeRkRWda2g°r ¢l degj ¢ gibi, servi Ba kdsitinm u mund
¢ St l i fi nRhAbas&m®e- 3gdr iM mesi ol ukmaktadeéer .
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durumdur , -¢nke¢e kesit t amaimelma é&@ars-e ngar i-larelk
¢i zel gdevellenleBnun servisteki emniyetli baseén- ¢

ke¢-¢Keynsl amalagprée | anexjté&da vy
o8- 0AM & pe OM
¢d® M & pe OM

Akt arma saf hase

Akt ar ma pelasthiasiexki ne yemont aj énén yapéldéeje ve
tabliyenin betonu d°k¢l mgk ancak, dijer il e

ol madejé durumdur .

Akt ar ma saf haseéenda, "ambaj mé éenagydapd ar énda z
gel medi J i i - iod aYyrayg eglaulkrdemee nhalsapl ar énda backl
kull anél mékt eér .

Akt arma saf haséndadeeme knati Kk ens iotrit aksréi thiekm k e

geril me kontroll eri i ki30 kee sv d.rtiel miapteil Mmeéek ol u

¢i zel gAkRaekBma: saf h geledgetinelermey dana

0.5L L
¥ngeril me kuvvet. ( 4172.4 4172.4
¥ngeril me moment.i ( 2276 2276
. 0, s(MPa) 41 41
¥ngerilmeden dolay 4 ‘npa 21 221
S : o - 0, s(MPa) 4.6 0
Kirikin kendi ajér/l Car (MPa) 58 0
. l?lg, S(M Pa) 0.5 4.1
Kesitte olukan t e (MPa) 16.3 22 1
Ci zel2ede2.g°%°r ¢l d¢] ¢ gi bi, aktar ma saf haseén
-al ékmaktader ve ni haB80dbea sveenr-i |geenr iblenteolneurni adkit
emniyetlriribmeein-olgan 18 MPaddan k¢-¢kter. B
kesiti emni yet gerKélymesllearmaniars ajklag néadkat aydaéoré.| i

P@- OATHE py 0M
®- 0A T &E pw 0 M

Ancak,mesnet b°l gesinde Pk@lsék imi gstekmé i qqarei lAmd:
gel mektedir ve bu -eBithe gernl wesi éleme dl. gte M2

geril mesini akmaktadér. Ayné zamarPda, mesnet
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basén- glukmametsadér ve bu?2iBadéntzigeryveémel

MPa basén- geril mesini akmaktadeéer .

C® THSE py 0A&

- 0AMPOoPE od- 08
Mesnet kesitinde, izin verilen emniyet S
a r d e nkchagerilnteler kontrol edilecék.

Kél éfl anma

Kesitte olukan geri | mellneerl,eriizniin yvaekrlialkeenk
akt ej°ea gierimme, hal atl aréndan 4 tanesini kes
mesnet b°l gesimdenaktain mamey ipkdosahbkeeéeir .t

AASHTO LRFD 2017y ° net mebi i séradaki hal atl ar én
hal atl arén kel éeflanmaséna izin ver memekt
deji ktirmemek i-in en ¢(st ve en alt seéra

D°r fatkhed éf |l andéekt an s esndeameydana geten gerilnelers n e t
¢Cizeldgde2ve2rilmiktir.

¢i zel ggEekRépPhanmadan sonar mesnettek

¥ngeril me kuvvet.i ( 3377.7
¥ngeril me moment. ( k 18425
ﬁ¢sMPa) -3.3

¥ngeril meden dol ayé¢
Uait (M Pa) 17.9
K | K ndi ~ = | 67 & d Cl(',S(MPa) 0
i rkendi aj érl ején Gl (MPa) 0
0, s(MPa) -3.3

Kesitte olukan to s
Uait (M Pa) 17.9

Kel éfl anma sonrasé mesnet kesitinde ol uk
geril melerinden k¢-¢k ol duju akajéda g° s

boyunca kel éfl anmasé uygundur .
pB- OA ™PE py 0K

od- OA T o @E  od- 0 A
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2455Kesme donatésnén hesabe

Bu b°l ¢mde °ngeri | mepekaesd a kliari& i ya gkélymak dalyaa
kesme donatél aréenéen20flBSlap®myBRAGATE@ lyRPEBI acak

Kirikin kesme dayankéenséme bdeatyoannuénmlvaer éentérni yteonpil ni

Kesmedayané&méndaan él acalakal @ alka jeelemnikll amk teir .d

6 BzZ6 g o
6 6 6h6 I EI6 b R 1
L z/Ez Az AITOANG ORI
6 . cq v
O
— 6 7- —
6 Tt ¢;uAEZAZA 6 ¢ AZAZA Cg O
s ULZ ™z £ £ A & X
6 e £ TWZAE zAzA 6 ] Y
0 0:zA
> 2 & w
Burada,
a Nomi nal kesme kuvvet. dayanem faktor¢nyg,
UEnine donateél arén boyuna donateé ile yapteée] e
s Enine donateéel arén aral ] éneé,

fpc : Kayepéakadahnfl| amaedkdn fsdmrgaer me kuvvetinden

ajérl ek merkezinde olukan geril meyi,
bh:Et ki li g°vde kal énl é&j é
d: Etkili kdomeedaeneinlie] (@®ir0O&d2hyjpak si mu m

Vn: Kesitin nominal kayma a y am& mé
V¢ Betonun nominal kaymd ay a n,é mé n é
Vew: GP© vasakgdrgmelerded ol ay é - at | amalkedmekaygaendémgen bet

Vi Ej wve kesme kuvvetinded ol ay é - ek me ucunda ol ukac:

engelleyen betokesmed ay an,é mé n é
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Vs Enined onat € maday@aré meen e ,
Vo ¥nghearlnagy B ngnden

V¢ Kesmehesabé yapeéel an

kuvvetini,

Mmax Kesmenes abé yapél an

momentini,

ViiKesmehesabé yapeéel an

kesme kuvvetini,

fpe Kay @ plsaorndraan ef ekt i f
faFakt Sadd 2
g°®stermektedir.

Y¢ékl emel er den
¢ielgpe 226 d e

dol aye

veril mi ktir.

Cizel g¥ ¢RIl 2Bhelt er den

dol aye

kesitteki

kesitteki

kesitteki

kesitte ol uktur

faktorsg¢z

miaksitoun? r 1 ¢ d

faktorl ¢ d

°nger mede nmimdsmi| ay é ke

yékl erdeml dxlaamy @ ek oni tgeali tl aned

k edsaihtat e° nocleu khaens akpel sam

dol ayee kesitte o

Ykl er Kesme kuvveti (kN)
Kirik zati y¢ky T1=158.7
Tabl i ye zati y¢k, T,=123.1
Asfalt, kal derém ve T3=67.9
Yaya Vy¢ke Ts=67
H30S24 Kamyon yg¢Kk Ts=332
Betonun kesme dayanémé hesaplanmék ol up

6 puUe PGP QR O THE.

0 pPpYpuLvdBZP T

/E T VUEPT - 0 A
6 pdZ6 P& ¥ 6 P TIE .
- PR Z - P& U - oX §E .
COWNT C QWPAL B UL <
pt- OA
LUGP PLOUGY
£ e 0A

¢ TTO L WTPTIT

- MM mptT T ¢ WYt . |

W& X p T
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— T TU P2 TG TR T .
6 TBIGMTﬁCHZITpHTTOTQ)XT{L'JT{ PP T (Rt p T WE .

OX ®BGpPT

™ G VT mcmap T 1p YE .
6 T®@ A2AzAN
6 T E U T T®ZT ¢ AP AT I LPE.

6 | EBIB VPE.
Bet onun k e s me) 51PakiNa e & me& Kk { &kesite g8len t kesme
kuvvetlerinit e k  bkaakréknéal amayacaj & i -in mesnet b°l ge
012/ db@cak «keé&itidege ka@ai lemi Kkt ir. Bu etriyele
beraber kesitin toplam kkeismes ydoanyelateke mpE° rvee od ay
olan kesme kuvvetlera k a] €éda hesaplanmék ve se-ilen e
gor ¢l megkt gr

6 p& ¥6 PBZ 6 P& ¥ 6 ppBE.

z 1 ITIPTTT T ke
5 SPP®IT AP o .

pTT

6 TZ VPpCWWYP powBc 6 U

Kesit kesme rddagy ainkeimék chlelsla bl 2 etri yenin yet el

Etriyelerin yané séra kesitidomngdtdadleasriéne, a
yerlexktirilmixktir. eklR@&% dveeirn Idmoinkattiérl. mék dur urm
-
.{Il’rﬁl‘l;ﬁ'ﬂﬁ
S5200 ;<||"_au'|ln:;ﬁ'r|5
o ‘-.ll-’l;" 730
[ 2 3 R R [T ] TxO
‘ ‘......' I7:<|1

keki |l PRelk 8t dloinrait i g° st er i mi

32



SehimKontrol ¢:

Téem degKey y Kk lrark dlatk@madd i3rl. 8¢ zkg\Ne/ hmo Vy a k €

gel mektedir. Bu d¢key yegk altenda kirik
hesapl anmém oleupl en -°kme dejerlerini sa
0] o@zqgo .
z - _ z
! quTchHmrnzrm&ntpnnp&)cAl
Oal a6— @Al
103 QBQCP—T[C@
1 10aia O
Burada;
a c de¢e¢key yéekler alténda kirikteki - %k me
Usenerd¢key yeéekler alténda kirikte i zin vet
g°stermektedir.
25El ast omer Mesnet Rijitlik Hesapl ar e
¢ced itakviyeldi me s net ILRFDRO17khaeg deaiidédve B A ASH®

y°nt emi ol mak ¢zere 2 yo°nt eMSHTOERFDI mi Kt i
2017 B°l ¢m 18B. ¥2maGkaiv&kuilllamel mékt ér .

Modellemede elastomer mesnetlgreer link elemanolar ak mt anéacakt ér .

el emanl arén k°pregk sekrmsiemda dviek kyY%mrdeKk.i rij
Link elemanén dijer y°nl er dMednetrrijitikienine k et | e
hesabé i -in 10 k a t n2al6d ld éerilen eelastbnoey mdsher r € k
kKull anél mékteéer . Eeamsi orfigrel megherindem &I
mo d ¢ krkide BASHTOLRFD 2017k art namesi nde tanémlanan

KN/m?al énméxkt éer .

ep = 80 o= @

’_ T
L T f a

[ h=|110 | ST o2 w

Ld i bp
haL [ i
r_ Ld ;
pr

keki |l ERadb6omer mesnet boyutl ar
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El ast omer mes eelgeR.BO d°ez evielriiklIneirkit icr .

¢izel gl 2s26mer mesnet ©°zellikleri
Elastomer mesnet adedbfp 8
Kayma moe ¢l ¢ (G 1 MPa
Mesnet wuzunl uju 350 mm
Mesnet geni kKl i]Ji 350 mm
Mesnet Al aneé (A 122.500 mrh
El astomer tapaka K 8 mm
Tabaka adedintabaka) 10 mm
Toplam el ast gmer K 80 mm
¢teli k I evhlka kal é 2 mm
¢teli k I evha ade 11
Dék el astomer kal 4 mm
Toplam el astomer y 110 mm
Atalet momenti (1) 125.052 crfh
kekil kat sayéseée 10.9
Elastisitemo d ¢ Ic)¢ ( E 712,9 MPa
Elastomer mesneti j i t | i k hesapl arénda kul lBanél an den
denkl emler, Can Akojul ve Ojuz Cem ¢eli kdoin

AASHTOb6ya G°re Depreme Dayanéekl e Tasar émé ma

+ .
£ C® 1T
% 2!
+ =
£ c®p
% )
y T < & ¢
% @z'z3 ¢®do
, 27
CZEZ, 7 C& T
Burada,
Kn: Elastomeme snet i n yatay rijitlijini,
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A

Kv: Elastomeme s net in d¢key rijitlhijini

Ka : Elastomer mesnetid © nmg i t | i J i ni ,

Ec. Elastomeme s nhet in el astisite modg¢l ¢nyg,

A: Elastomeme snetin plandaki al anene

hpp: Toplame | ast omer tabaka kal énl é]J éné

A

h: Elastomee s netin toplam y¢kseklijini,

I: Elastomemesnetim ar ek et do] rwromamt;iundaki at al e
S: Elastomeme s netlf ak k@& K ny¢,

L: Elastomeme s netin uzunl ujunu,

W: Elastomeme snetin geni kKl iJini,

hi: Elastomet abaka kal énl é] éné

g°stermektedir.
Yukar edaki dPeenliré¢lastomeemesnetigrtrt gr ¢ eksine di Kk

eksenindekr i j i tl i kl7ede verel mekei 2.

¢i z el g Elasme? mesnet rijitlikleri.

Rijitlik y°ng¢  Rijitlik (kN/m)

X y°n¢gndeki ypatay 1.531,25
Y y°ng¢enimkeikijit)lifj]i 1.531,25
Z y°n¢gndeki deKey 793.866,9

D° nmjei tKg J i ( 8.914,5

AASHTO LRFD 2017Ilastgrfien mesmeenjatayjyie,r de jsinik t i me

el ast omer tabaka kal énl éejénén yaréseéna

kaléenl éjé 80 mm ol dujundan izin verilen
model i nde yapél an anal i z sonucunda yer
bel ir | e ylece etastonrermedéyner dej i Kt i rme kapasites
ol duju belirlenmixktir.
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26K°pr¢gnegn Bil gi sayar Model i

Kepr¢ SAP2000 progr ameée eknalnll amé liarea kmosdoenl |l ue nn
Tém prekast kirilkdleir2dele7 P g bidégle Ixlesi t ubu
el eman ol ar akMondoed € lelnmeen nyiRupt@if rée.r Ren Kutl u Dar él
Dr . Engin Orakd°jen ve Prof. ¥DmekGgnbhg ¥zn
SAP2000 V15 kitabéndan yararl anél méexkter.

SRR e B

keki |l Prekastki kil er ve .tabliye kesitd.i

Kenar ayaklar ve orta ayajén temeli ankastre
kesitin orta ayaja oturduju ve tadeliyenin i

model |l enmi ktir.

Prefabrik kirik ile bakl é&H#aelstomermesnetiee kenar a
lineeri nk ol ar ak moedimel & e d gk & yla hgsapgtamay tjjitikleri
programa girilmik ol uputdul miastnemrmesaat d e k i har e

° I 10 k| v e Kie k mi [ 0 d
ze | ervekekmi k2i 180de
B4 Linear Link/Support Directional Properties %
Link/Support Name: Stiffness Values Used For All Load Cases
(® stiffness Is Uncoupled (O stiffness s Coupled
u1 uz u3 R1 R2Z R3
S [rossees | [1s31.2s | [1s3125 | |Foxed Fixed Fixed
Direction Fixed
ut O
u2 O
U3 O
Ri
RZ Damping Values Used For All Load Cases
Damping ls Uncoupled Damping Is Coupled
. ® ping p O ping p
u1 uz uz R1 RZ R3
[o. | o | o | [Foxea Fixed Fixed
Shear Distance from End J
uz

Units

-
KN, m, C “

kekil LRné&8r :lleink ©°zel |l ik
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Tabliye ve kompozi,taj Brfelkated agrealceeh leg ok |i
el ast omer mesnet | ernmesnaikltea rkda kni éexktééora.j EERlpa sn
fikif el eman!| ar iFiktief yapld méx2 elt &8 kit ke rdi¢ | ke kgii b |

X
Section Name FK Display Color .
Section Notes. Modify/Show Notes.
Dimensions. Section
Depn (13
Width (2)
€ Property Data X |3

Section Mame

Properties L rties

Cross-section (axial) area Lin Section medulus about 3 axis l:l - "

Section Properties... I
Section modulus about 2 axis l:l

l:l Time Dependent Properties...

Plastic modulus about 3 axis
Plastic modulus about 2 axis l:l
Radius of Gyration about 3 axis l:l
Radius of Gyration about 2 axis l:l
Shear Center Eccentricity (x3)

Moment of Inertia about 3 axis
Moment of Inertia about 2 axis
Product of Inertia about 2-3
Shear area in 2 direction
Shear area in 3 direction

Torsional constant

(s} Cancel

g (L1111

kekil FRkaBf:-ubuk °zellikleri

Prekast kirikin orta ayak ve keemani kayak]I
Kepre¢egnegn ort @8amyakbhar 8, adapédairesel k ol
Kekl i nde m&acend | keaanitlit idkae kgi°ls t2e.r i2 mi Kt i r

€ Circular Section >
Section Name Kolon-0180 Display Color .
Section Motes Modify/Show Notes...
Dimensicns Section

Diameter (13 )

i

Properties

Material Property Modifiers Section Properties...

4= C30/37 ~ Set Modifiers... Time Dependent Properties...

Concrete Reinforcement...

Cancel

k e ki | Kdon kedlti.
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Ko pr ¢sondun ubuk el emanl aeamlaanl|l bah@li samaglr hanodel |
22bdpr ekast kirikrfaapakl| dlaj kianit €i0cweed e bi keki
prekastk i F k &«nar ayak baj22&énmvaer imordiedtii rk.e kAyr eca Kk
3 boyutl u md2belv er i bei kekr |

kekil K2p2dn¢gn 3 boyutl u model i

=1

:

kekil K2p22n¢gn sonlu el emanl ar il e m

kéil Kr Fiktif Elastomer mesnet
¢ ubuk (Lineer lirk)

kekil Olag2a3k :bajl antée detaye.
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Lineer link

kekil KEna¥d ayak bajlanteée detay

27A1l't Yapé Hesapl are

Bul® | ¢ mmuoed e | i Kurul muk a@ahahi XP pygmeghé modali{

yé¢kleri altéenda bakl ek kiriki ve orta ay.
271Modal analiz sonu-1arée
Sonluee manl ar il e model.i yapél mék ol an k©°pi
mo d a | anal i Modalapan anéixdg® rrkéel gicRji 2z 29e kt °r
y°nt emi kull anél arak yapél méxkter
B Load Case Data - Modal X

Load Case Name Notes Load Case Type

|r.|0DAL Set Def Name Modify/Show... Modal ~ || Design...

Stiffness to Use Type of Modes

@ Zero Initial Conditions - Unstressed State O Eigen Vectors

@ Ritz \Vectors

Number of Modes Mass Source
miass source
Maximum Number of Modes l:l
Minimum Number of Modes
Loads Applied
Target Dynamic
Participation
Load Type Load Name Maximum Cycles Ratios (%)
Add Modify Delete Cancel

kekil M@8dab analiz °zellikler:i
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Modal analiz sonucunda © k penyoduk © pr ¢ ekseni ni yan¢gnde - ék

analiz sonu-4dadea év etriizlemigket i2r..2 8
¢izel gK°RBr g8periyotlarée ve modal kat el ¢
'\,ffc’)d P(esr%c’t UX UY UZ  SumUX SumUY SumUZ SumRZ
1 1,04 0,92 0,00 0,00 0,92 0,00 0,00 0,00
2 0,97 0,00 0,87 0,00 0,92 0,87 0,00 0,00
3 0,26 0,08 0,00 0,00 1,00 0,87 0,00 0,00
4 0,18 0,00 0,00 0,00 1,00 0,87 0,00 1,00
5 0,16 0,00 0,13 0,00 1,00 1,00 0,00 1,00
6 0,06 0,00 0,00 0,55 1,00 1,00 0,55 1,00
7 0,04 0,00 0,00 0,00 1,00 1,00 0,55 1,00
8 0,04 0,00 000 041 1,00 1,00 0,97 1,00
9 0,02 0,00 0,00 0,00 1,00 1,00 0,97 1,00

¢Cizel @ rZz.1d0& ] ¢ gi bi X, Y ve Z y°n¢nde modal

%100, %100 ve %9706dir. Bu y¢zden mini mum Kok
sayéseée yeterladr. | da ] Yh O%moyg | me k ied il yeoti| avreé p
kekil 2. 2& 7Wwd ek evkeirli I'2ni Kkt i r .

%, Deformed Shape (MODAL] - Mode 1; T= 1,04194; f= 0,95975 |

k e ki | Bi2nci @& hakim periyodu.
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| ¥ Deformed Shape (MODAL) - Mode 2; T= 0,96838; = 1,03264 |

kekil KRi @i : mod periyodu.
2720rtak ol on tasar eme

Bu b°l ¢mde kolon kapasite hesaplaré yape
koloni -in yapeéel acakteéer. D¢ kKey vekuvvdtletpr em vy
AASHTO LRFD2017y ©° net mevleirjiilnedne kombi nasyonl ar a ¢

Ko | o rkuvvetleri dayasevisko mbi nasyonl|l aréeaPmdg®°r e

verilmiktir

¢i zel g¥anRolo2i9 kuvvetl eri

Kombinasyon  Max/Min P Fx (kN)  Fy (kN) Mx (KNm) My (KNm)

Dayanléem Max -36945 3,9 3,7 15,2 107,2
Dayanléem Min -40954 -3,9 3.3 13,6 -107,2
Dayan2 m Max -36694 3,0 3,6 14,7 82,7
Dayan2m Min -3978,6 -3,0 3,3 13,5 -82,7
Dayan3&m -3584,5 0,0 3.2 13,1 0,0
Dayandém -4301,4 0,0 3,8 15,7 0,0
Servis- 1 Max -2930,5 2,2 29 11,7 61,3
Servis- 1 Min -3159,5 -2,2 2,6 10,7 -61,3
Servis- 2 Max -2949,3 2,9 2,9 12,1 79,6
Servis- 2 Min -3247,1 -2,9 2,6 10,8 -79,6
Servis- 3 Max -2917,9 1,8 2,8 11,5 49,0
Servis- 3 Min -3101,1 -1,8 2,6 10,7 -49,0
Servis- 4 -2867,6 0,0 2,6 10,5 0,0

41



Depr eml i durumda kol on i-ykoevmeveriech i nAASHTO
kombinasyonl ar a gore had dal asreméepremo k uipr .¢i Be
kuvvetl er.i Med a ké nmd & AASHBPLRMFD @F1R)ar t name s i

Tablo3.10.711 6 e g°re X y°n¢gnde 3, Y y°n¢gnde 5 al én

¢izel gPepr8m durumu kolon i- kuvvetl e

Kombinasyon Max/Min P (kN) Fx (kN) Fy (kN) Mx (KNm) My (KkNm)

Max -2792,8 170,8 44,1 274,5 2305,2
DC + DW + 0.3IlL
+ 0. 3PL |
0.3EQY
Min -3048,8 -170,8 -38,9 -253,0 -2305,2
Max -2574,4 51,7 140,9 889,6 704,4
DC + DW + 0.3LL
+ 0. 3PL |
0.3EQX )
Min -3267,2 -51,7 -135,7 -868,1 -704,4

Esas tasar ém moneerrt i sonyapénldaan &rPaplri¢gz boyuna

deprem hareketinden dolayé, bu y°nde ol ukmak
k es me Kuvvet.i vV e mo me nt akaj] edaki gi bi h e
tasaréméndlaebukull Km&hvacakt ér .

0 0 0 guay ¢ omu ¢ T XRIMO G

® ® © px&;M pr& ¢cPQO

0 0¢@XQU
2721E] i | me tasar é meé

Mo ment tasar émé yapmrbad khetké a nkélnakreadk®KAICE et ki
di yagr am& tKianréxkéllén et Ki%ldly agmnam& é kul |l anél ar a
hesapl anméxkteéer . Progr ama gi8ddeé ervemial miexmtei rb
Kol onl arda C30/87benabrzewme S€RGfeéadeflf énd@da édon
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B8 Mander Confined Concrete X

/ Parabolic Strain Hardening Steel Model 4
Wame of Steel Maodal lm Name of Concrete Model: Im
Stesl Standard and Grade (opt.): W 28 - Day Compressive Strength: 30,00 MPa
Yisld Stress: 00 MPa Tenszion Stength: lq— MPa
P Sicss | MPa Confined Concrete Strength: EI 41.09 MPa
Strain at Strain Hardening: IW ield Strain: I“-DDDE'3
Failure Strain: lw Erushing Strain: =l |2D.DDE-3
Elastic Modulus: SRS MPa Concrete Elastic Modulus: W tFa

Help Wigw | Delete | Apply |
Help Wiew | Delete | Apply |

[ IN"'“"“ ;I | | Stress: Strain;  -2.051E-3 IN-mm LI |
[C Unconfined Concrete x
Mame of Concrete Madel: lm
28 - Day Compressive Strength: A0.00 MPa

Tension Strength: ID— tPa
ield Strain: [fa0Es
Crughing Strain: W
Spalling Strain: IW
Past Cruzshing Strength: Iq MPa
Failure: Strain: W
Concrete Elastic Modulus: W MFa

Help Wigi | Delete | Apply |

|| IN-mm ;||

kekil XZRA8T: programé mal zeme bi l

AASHTO LRFD 2017 Kartnabme6s.i4o0B®! ¢inzi n verilen
mi ni mum donat & deoklem 83w R2FEG Ovdear i 4 smé@ Klta r .

!

T T8t Y ¢ L

/E
— T oh § 0
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Burada,

AsBoyunadonat él arén thopl am al anéné( mm
Ag:Kolonk esi tin 2al anéné( mm
g°®stermektedir.

Kolon kesitinede nkl em 2. 360de ko wu monms é8Htanp3P n
mm -aplé S420 d&hgt és é kloon v kaoduemioinpusnp €1 mé k ol
vV e maksi mum donat é oranl ar éné askaEflaade] é g°

verilmiktir
I m8toin
! ¢® 1
T8I ¢ TS YV

O

ﬂﬁfpcﬂfﬁ)ﬂ)rc

_T8p I

Bu donaté oranéna& edjklid eali sr alk ylagr ek é Kkle ki |

halinde iseverzémgeaet2r3106de

Karkeéel ékl e EtKki Di yagr ¢

120.000
100.000
80.000

—~~

Z

60.000 <<

o

()

>

=

40.000 2

s

£

20000 §

Z
0

-25.000 -20.000 -15.000 -10.000 -57060 0 5:000 10.000 15.000 20.000 25.000

-20.000 Moment (kNm)

kekil Kar 8| ekltaameet ki diyag
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¢Ci zelgKakk8B8lLekl & et ki di yagr ameé

Normal Kuvvet Moment | NormalKuvvet Moment
(kN) (kNm) (kN) (kNm)
105,900 0 -11,910 -456
101,300 1,146 -10,230 -1,663
89,690 5,667 -5,553 -5,097
68,360 14,350 2,515 -10,400
48,110 19,190 8,595 -13,770
34,200 20,150 11,360 -14,980
25,260 19,160 14,640 -16,260
19,120 17,710 19,120 -17,710
14,640 16,260 25,260 -19,160
11,370 14,980 34,200 -20,150
8,596 13,770 48,110 -19,190
2,515 10,400 68,360 -14,350
-5,553 5,097 89,690 -5,667
-10,230 1,663 101,300 -1,146
-11,910 456 105,900 0
-12,500 0

Narinlik Etkisi

Kol onl ardaki mireridenwe i pinollue kul ma probl ¢

narin olup ol madéej éneén

burkulma boyu ve burkuai a

Kol onun narin
220den b¢ye¢k

momentf k ol onun

gereknektedit

Burada,

kontrol ¢, yapél ma!

yh&kgapl aré yapélacakter.

ol up

ol madae@rdemsa ABSHT® LRBED
veril en akaj édntrd ediletekti. Pemklem2.@8dei ke karinl i

ol ur sa
narinl ik
+7]

S ¢ Q

KiEfektfuzunl uk faktor ¢nyg

d¢zl etml)dex é
ly: Kolon boyunu(m),
r-Kolon- apéné(m),

g°stermektedi

r.
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D¢ zli-eim nari;nl i k orané

p&p;f’“ $ cc. ADEABEI
D¢zl em dékeé narinlik orane

“;&;“ p& cc.AOKABE]
Yukardaki kontr olnlaerridnelni ka nol raaknél | adreg &2 2g6idbein, Kk ¢ -
LRFD 2017k ar t name s i B°l ¢m 5 .n@.ne.n3 @ o6g%me ,k ¢n grki roll
durumunda narinlik etkisi i hmal edilebilir.

kombi nasyonl aréndan heisra.pl Baasaaar @ mmore rktuil | vaen

eksenel y¢k¢ akajéeda veril mi ktir.

0 0 0 guyaw ¢ omu ¢TI0 G

® ©® © px&; pr& ¢cPQO

0 o¢®&Q0
Tasarem yg¢kl er idi mamgle Eeraikanalke ¢ e k d mjri ennd e t asa
moment i Ve eksenel yaiski¢g,eskol oan skegertianién ik
go°r ¢l mektedir. Dol &gnélanémnimamblbyluoama kKeniatiel aeé
ejil meye ve eksenel kuvvete karke yeterlidir

2.7.2.2Kesmet asar é me

Kolona gelen kesm& uvvetini, beton ve spiral Kekl ind
kar k€l amaktader . Bu y¢zden, °nceli kle kesiti
hesaplanacak ve ardéndadomn&até yhes ahbanagapdlaa

Kol onun mal zemeaskonEfFanekabaekapl gridi veriler
Vy=221.4kN

by=180cm=709in( kol on - apé)

dv = 129 cm=50.8 in(kesit etkili derinlik)

c = 5 ¢cm (pas payeée)

Betons é né f féb;= BP0 MPa = 4. 35 ksi
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Donaégéf,és=4BDMPD=60.92 ksi

Kolonun kesme kuvveti kapasitesi AASHTO LRFD 20¢7° net nB& I i jmi

5733 6e g°re yapeéelacakter. kartnamede ver.
6 6 6 & Y
6 TR uzAEzAzZA (& W
6 | E6 b 8 m
6 mhopezlz AzZAzZA 8 p
Iz fFz A
6 5 C& ¢
Burada,
b : AASHT@7B°RIFPm 5. 7. 3. 406e g°re al énan ka

&: AASHTO LRFD2017B° | ¢ m 5. 4. 2. 806e g°re 1 al énan
g°stermektedir.

Yukaréeda verilen i | giloni kesiiranj rominak kagma Kk u | |

dayanémé akaj edaki Kekil de hesapl anméxt é

6 TWIopPQzpzM& Y B2ZuR) T XPEEDOp ®E .

s~ s e oA

6 6 -ETEIADIT EDROI BAAEO] O
Hesap sonucunda kesitin beton kayma daya
daha b¢yé¢k ol duju anl akéel mgRhéet BEBUMmMmisebe
5. 7. 2.5 d@ehkdem2d8yd eqi®°re mini mum donaté kont

mWio @bz A2Az0

Y= & o

81 0 Z @ X BoZ 080T . A
ks X zpd psoWAi 3AéemipApnn

@ BOG
! pB AT ! C8tpAi U
cZ“ZpT—(erchpcwn )
6 DT ZpT G P XK.

6 CPWOGCPRYTORE.

a7



6 TR VZTO U X BZUR) OCWw@EEDOXTKEO®
6 | EB 6  EfTo@dpxT X ot o ®RE .
Bz6 TWZTOoO®&C ocYPauw 6

Yukaredaki hesmmi somumuitleéan ktag snat dayané mé, t
kesme kuvvetinden - ok Kolgnkegskininadnatyg rul eoreil mr | enn
pl ané kekil 2.3006da g°steril miktir.

P ?S\

AT T —m |
[ . &
-'I;; | | ;:I'-I o |
||'\_ ‘_ | | ﬂl| \ — - .ﬂA]QIQOD_ —
|“h " . .

1 | | | o |

i\-’ ~ —| — |

\:! | .(,){,- \
\'Q\J \ & 4
A LI J__. . B ‘-._\|

Spiral @16/100

kekil Kal 80 donatée plane.

273Bakl ék kiriki tasar éemeé

Bu b°l ¢skmdiemumai - kuvvetlere g°re bakl ék kiri
yapél acakt er. SAP2000O0 programénda yapeéelan
maksimum i - kuvvetler ve kesit veriler:i akaj
Maksimum pozitif moment :892.1 KNm

Maksimum negat moment :-1359.6 kNm

Maksimum kesme kuvveti :1983.4 kNm

Kesit geni kl i] i:200km
Kesit y¢ksekl i j:20¢nh)
Pas payeé (c) :5¢cm
Beton mal zeme s:€30éef é
Donat é mal zeme :S$820heéefé

Etkili derinlik (d) :115cm
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2731E] i Itanrsea € € m

Eji tmsar eémé AASHITO W RB&t man i55.i16. 30e g°°re

Y°net meilligkitleekibaj ént el ar akajéda veril mick
A
- | z/Ez A - 8T
C
: Iz
A oA A 8 v
- Bz- & o
- - c& X
Kesitin ejilme kapasitesi hesagptahapakta
Eji |l me kapasi tl®adet2@mm -haepsl @atloBagkiyesnnt i n al t v
l'ifine yerlektiril mesi °ng°r ¢l megkt ¢gr .
- powa. |
¢ oo
! pUEAZ TXpPd
] T T .
A X PG C ol |

TYUFOTRCTTT

o® ..
- TxpzcrcznppUﬂTan CC@®E. |

- T2 C C @Y ¢ TT@dE . |

- - N+ AEPgEUVERI TQAAGAT8I EAEO

Se-ilen donaténén mini mum donateée Kartene
y°net Belli¢gim 5.6. 3. 360gpéegmaneé kgert etmg ktyead i
Kartnamesi , mi ni mum donat & Kk oininutl ais aorl éanmn a k
momentininl3 3 kat e ve -atl ama mdadmémat bggehk Il mg
Kart koyuyor. Kesitin moment ¢kkapalsma ésnéa
sajl anmasénén aseél amacée kesitte gevrek
g°meni mumkdwowanlt €i | e aiklagiéeldia bveejré ntma lkari r .
- rzr z2/A23 g8 Y
£ mdox £ 8 w
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3 v C® m
- | EF hhoe ®p
Burada,
Me: Cat | @&mid, mom
Sc: Kesitinmukavemet monrdini,
Fr: Kérél ma mod¢l ¢nyg,
J2Ej i Il me -atl ajé (Mégji kkenl i7Ji faktor ¢

23 Donaténén mini mum akma dayanémén kopma da

g°stermektedir.

CMEPG T

- ™ @ pHZ T80 Ylo TE 3 pmt opTEp |
pY @ - PO Fpo@w p Y. |
- cn@E. | [ ET pode pUDE. |
Yukardaki hesaplamalardag ° r ¢ | d ¢ Hepkleng 2 i saj |l andéj é i -in
mi ni mum donateé y°n¢gnden yeterlidir.

2.7.3.2Kesmeta s ar é mé

Kesit kesme tasad®mg° AASHBEIDI,NF3HBe 79g°r e

yapélacakt eéer .

6 6 6 Cd ¢
6 TR uvzAZAzZA @ o
6 | El6 b6 W@ T
6 mhopezlz AzAzZA v
|z fEz A
6 —5— d @
Burada,
b : AASHTRMM7B°RIFPMm 5. 7al3endadr lg&treayeéyé,
> : AASHTR@7B°RIFPm 5. 4. 2.86e g°re 1 aléenan kat
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g°stermektedir.

Yukareda veanfjiélnearelialrgikluil | anél ar ak, 10 cm

bakl ek ki ri ki kesitinin nomiphankmaymar da
6 pw@dE. |

6 TBIoFQIpZMIUEXPZT® TXBEDOT @ .

Q? /\ZpT—C ZT CIP P U T

6 STT Zpm OGPk

6 CTmap 0¢ XX L O B .

6 TR VZTS U X RZT @& o YPREEDO X k.
6 [ E®b 16 Lo PaE .
Bz6 TWIZULOEPWT PRE. 6

Hesap sonucunda kesitin kayma dayanémeéneé
b¢yeéek ol duj u abeplea KASHTOARRDZ® 1 7 Bw® mBethmge | i J |
5. 7. 2.5 dehdem2&dyd eq®°re mint maimg dpapéEmé&rneé

mWio@dz A2Az0

|
! Y= C® X
TBIO FEZMB FX §Z20B0T .
! z I
o BoC o P A
! ! oPA W
Yukaredaki heeapt s onuoc mnmo daatedidiraBtas | ye°kn kn o @ |
donmlt@née kekil 2.316de g°sterilmixktir.

vvvvvvvvvvvvvvv

4920
7
L
T
4920

[ ] [ ]
lllllllllllllll

Etriye 3@12/100

kekil BakBé&k: kiri«ki donateée pl al
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3. DOJRUSAL OLMAYAN ANALKZ

Bu b°l ¢ mdeg apéabme g mé& Bsal olpaygna n aloij z i yapél a
Yapél arda g°-me ol madahisen®8ul & &imi@os &4 €l o

et me k iusal oimaydrognaliniy ap € lgrea & i r . Dojrusal ol
ger - e lebimecg ii rpladtiki ma f s a | o & gardeodebdernelidir. Bu

nedenl e plastik mafsall ar éik matal boyumans & mu
belirl enmesi ve beu rkiedsiikt lielri kik-iisdynméenma-nitz

-atl amék kesit angptpri&dreamai gi diel mesiapd e

3.1 Plastik Mafsal Boyu

Plastik mafsal hipotezi¢gsn e k1 i k or amgmoméemwvebdgdywydk uslat ol
deji ktirmelerin k¢-mlkerbdea, bddjgreudsea lk ad Ildneg y

deji ktirmel erbi°digeeskadetitrmpbiandeée] e, di ] e
dojrusal el astik davrandéjagymaén vegridanemak
deji ktirmelerin &kmdtpal babdgeyeri semepgt adt |

Bu plastkmaf sal | @alkdnajn@ nb° |l geyi p rptagtik mafea t an é
boyunun hesaplanmasé ger eAASHT®R tRFD 2041 Pl as
Si smi k KsPapregné Tay BRdtcme | 4 J 1 1 deGkiay 8.1 de° r e
hesaplanabilmektedir.

., TBI@, z TBICEAZA T A zA oR
Burada,
Lp: Plastik mafsal boyunu (mm),
L: Kolon boyunu (mm),
fye: Donaté -eligegnei f MPlema dayaneém
d: Boyuna donatée -apénée (mm),

g°stermektedir.
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Bu for mgl i1 e orta ayaktaki 3 ilkgibil onun pl a
hesapl anméxkteéer . Bu maf s al boyl ar é yapeéner
kull anél acakteéer.

,  TBIPPCTMTMMIGCET 0 plt vl |

, T™TAT C30C L atl |

3.2 Plastik Mafsal Kesitinde MomentE ] r i | i k Kl i Kki s

Pl asti k mafsal kesitlerinde, mander sargel e
gerimebi ri m «kekiill i&kejiysdrtadrénmeen éll lauwvake tlegk sleaje
momente J rii I i KWkTTRAQT programé ile -izilmiktir.

XTRACT programé@naargeéml ae sargeéebignz bet on mo

Kekil deji ktirme diyagramé kekil 3.16de veri
fe
foe ! Sargili
fo g
|
i
€co=0.002 0004 0005  Eec € &

kekilSa3.glel:é ve sargésédz ibmetcerkirhodel i
dg i kti rme il i kki si

Burada,

&oSar gkseaean basén- dayanéméné,
acSar goeelteon dayanéméneé,

OoSargbsépnun takéeyabileceji en b¢yeéek basén-
deji ktirmeyi,

G Sar gheedltéonun takéyabilecejii am@enbdakik bbasmn«
deji kKtirmey.i
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GuSar gpéeltiondaki maksi mum basén- geril mesi

g°stermektedir.

XTRACT prograména tanémlanan -bdonaftt ék eke |l
deji ktirmel di XG3RALME p rdelgnenakoi@red kesitimeok i |

3.26de verilmixktir.

f

fa

p—

sy & Eq &

kekilDo3naz2t & -el i j-bi miowmek e kigler dé jmie

il i kki si
Grafikte verilen

Gy: Do-nealtig i nin akma birim kKkekil

dej i ktir

Qr Do-nealtigf i nin akma platosumesmopnundaki bi
Gy Donealtig i nin kopma birim kxkekil dejikt.i
sy Donealtig i nin akma dayaneémé,
du Do-nealtigf i nin kopma dayanéméneé,
g°stermektedir.
¢i zel gbeon3a.tle :-el i Ji. modeli ©°zell

Kalite (MésF,)ya) Gy U (Mé;la) Uy

S420 420 0.002 0.008 550 0.1
Y ap & bnaliz sonucunda momem ] r iilliikk-kiizsiil mi K vV e keki
gesteril miktir.
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MomentQ ENA f A1 5Aéel AN

14.000
12.000
10.000

8.000

Moment (KNm)
(o]
o
o
o

4.000

2.000

0,000 0,020 0,040 0,060 0,080
9ENREA] OMKYO

keki IMo®entgjrili.k 111 kKkisi
Kdeakt imomehtenji ki | i debudloif k kiilosmiecha mej r i | i k i1 i KKi s
bi - ibmdei neer halke K3gditei wielr mil mi kIt u p .

F 3
Moment

My

b, @, Egrilik

000 001 002 003 004 005 006 007 008

keki IBiliieerhomente j r i | i k 11 i kKki si
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Bil i neer ejrideki,-atllkandéo rlkuesuint efii jmit | i J i
dojrunun ej i mi I sa b? bgh ekkneakhas fag & sttleionys u n
momenip | ast i k déinynaeg rialinéxnmk@insoMomengpH taesrt.i k d° nn

i | firkikn sdi y a g bsbadmaé vkee kil Ilmi3X.t i r .

M
(B, L,
My
.
keki IMo®entp |l asti k d°nme il i kki:
Bilineerej r i d e n a n | etkinakinaarmmagnte(\) etkirarkema e jyy, i | i J i
et kin -atl awedkinc ik edo jtr uankganj téddiaj mier i | mi Kt i r
- ppchmi
B m8umc 1pfic
%) — T®UpT.I
B
- - PCWMTPEPCPT ,
% vg zp m. |
) 5 B TWlexnminctxc.
%) c@zpTm Z .
. |
pauuxcﬁ P
Kol onl arén -atlamék ve -atlamamék Kkesi't
akajeda verilmiktir.

%) T1®UFpmME.

%) pxpmEl
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