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¥zet

Depremlerin m¢ghendislik yapélaré ¢zerinde yol Zemtajlerhasagéiva
mekani zmaséné etkileyen bir-ok fakt°r ol maséndan dolemdyré, sév.
Deprem durumunda zeminlerin sévélakma hassadiilyertdknigie rbeek liir |
al & ngemlsnektedirZ e mi n | e r i potarsigelinEbelilemeika- | n oglagrg&kn kul |l an&lea@l gemial ma a
yeni Tée¢rkiye Bi na (TBEEpdecanh iYI® ned imerhii § ti kel |, Beyeinin &avadtteristikleri, zemin
°zelli kveryekakta&iaué, arazi -al ékmal aré sérasénday&uil htaingad a
duyul maknaldiézl.erde kull anélan par ameté&jeé smedEeréinylne ,v eu yagmg iarma
raporlarénda zaman zaman °nemli hayeharTBPYdade gehemi amekt s
deneyi ngévdalyadma anal izl erivnei gperrateikk elali ¢ hEgail ier ebiiall nkelk i | de
amac éyl derinlikierayrekrlaél t & su s evi y el standart perietrasyen dideadnee] eorrlaenrliarié- ivne kum
sévélakmaya karké ge¢venl i k sayés érnaék ,v esréevné | gankaafh ikl éierr i zhaarizi enel$ garm
olarakzemi n i -indg°hkobéminnde kloi loind rag léanc arki j i t 1 i ] i ve yerlekim s
belirlenmelsamti!| s dalyiamt i ril mi ktir.

Anahtar S°zc¢¢kloer
Sévélakma Analizi, Standart Penetrasyon Deneyi, Zemin Kyilecx

Liquefaction Analysis of Soils according to the New Turkish Building Earthquake
Code and Improvement against Liquefaction

Abstract

One of the damages causeddaythquakes in engineering structures is soil liquefacimuced damages. Because of the many factors

that affect the liquefaction mechanism of soils, the assessment of liquefaction potential is a rather complex probkamthiguihles,

it is the neessary to determine the liquefaction sensitivity of soils and take precautions by estimating possible effects-Oasestress
liquefaction analysis, which is the commonly used to determine the liquefaction susceptibility of the soils, has bekm itieutwy

Turkish Building Earthquake Code (TBEC). In the usage of this method, the numerous parameters such as the earthquake
characteristics, the soil properties, thesitu and underground water conditions, the properties of equipment used durirgj ks

are neededue tothe excessive number of parameters and empirical expressions used in the analysis, significant errors can sometimes
cause in the soil investigation reports in practice. In this study, in order to make practical use of liquefaction sasdygsimistandalr
penetration test defined in TBEC, and to control quickly the performed analyses, the graphics that give the factoragbsafety
liquefaction of sandy soils were prepared for different depths, groundwater levels, fine contents,-AhdaBREIn addition, cards

were developed to determine design parameters such as the stiffness of the columns to be used in the column formatidrtmeethod
column spacingo be used for the improvement of the liquefiable soils.

Keywords
Liquefaction Analysis, $indard Penetration Test, Ground Improvement, Jet Grouting, Graphical Method

1. Girik

Depremler sérasénda ol ukan sismik tehlikelerin en °nem
hasarl ardér. Zemin séveélakmaseé, °zellikle suya doygun
g°sterrmegi nsmnucu ol ar ak bokl uk suyu baséncéneén artar
deji ki kliklerinin meydana gel mesi ol arak tanémlanmakt a
¢czerine oturan yapéel agridbai zheansianrel abra tonmhau,k uyrakne nd,° nyneer al t én
-ékmasé ve bajlanté b°lgelerinin hasar g°r mesiolargki bi S C
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'l kemi zde 1999 Marmara Depr emi Iasada(MoBamahcigogls \&veoB;&ryma y a
vd. 2004; Cetin vd. 2004a; Bray ve Dashti 2)J10 s év él akma tehl i ke=il i kmessomgdealeik
ort agmékeeEekpreml er sérasénda zeminlerin sévélakma hassas
veya késmen azgalntiénignzadseé - kao P unlean! & bir hale gel miktir.

Zeminlerin séiveil akeabhiydasgarmkki bwledamrd|lid meg° esaml €r de, dep

kaynakl anan tekrarl & kayma gerilmeleri ile zemémninn seév:i
sévél akmaya ikadrejée rd ¢evidnkrii dbbrekerkatiéesd {(1971) ar af éndan ©°neril en
°ze||ik|e 2000061 i yéll arénda bakl ar éndrauk vd. 20@E] Gtioma@a | ar s
2004b; Idriss ve Boulanger 2008; Idriss ve Boulanger 2010; Boulangerisse 2014 . G¢negmegzde degnyan
¢l kesinde ol duju gibi T¢rkiyebde de yaygén Dé¢rakiake kBil h
Deprem Y°net meldiej iseVEBRXMaGndaal i zI er i i-in °nerilen bi
Zeminlern sévél akma mekanizmasénén -ok sayéda parametre
hassasiyet:i | aboratuvar ve arazi deneyl erine dayalé o
¢l kemi zde zemin incedakneketri adel alre gtagmEar tolmenetr asyc
sonu-1ar é, °zellikle grang¢gler zeminlerin sékéleéek ve K

analizlerinde des € k |kauK Il a&a n € ISTRa'lOty ® dgédra.y & me\eéelsaaksmhaé anal i Ddlegreiknd dg ;¢ , ©
deprem sérasénda zemin yg¢zeyiemten ,lzaiexdraai, kilagkraily eayhdaryax lytledr a
su seviyesiar a z i -al @ékmal aré sérasénda kul lyenudigehcia(®PINe) K igpinmain -°ozl
sayéda paeamatboeatuvar ve arazi gezlemlerikneé | dagadimakoh
Analizlerde kullanélan parametrelyenetomeki himpr imnkz ©of ade
analizlerink onunun ehl ice@é mag lalnklindeik iunegu | amadaki zemin et ¢t reé
ile ilgili dejerlendirmelerin °nemli hatal ar i -ermesin
Bu nedenl e, bu -aléekma kapsaménda, zeminlerin séeveéela
Te¢rkiye kokull areadalkak BPylad nlkeardiag ad £ wd rplafikkke rs alyaed arr léanrem
S e - itipikebir araz i model i i -in yeni Tér ki yeedBiyma €D eopl raernma kY °f naertk
or anHCanes, 15,25,356PFN dejEeNIl =r%, 10yeréal t360 ,¢hux5s)e,vi el é&eril?2,

farklée derinlikI3rel9.z8 =m)1. sSa,hi3p d opd aardA®O®A12e diur gienr 4 e k Ir
T¢ém analiz sonu-1laré kull aneéelgagrvek, sidgkruésgrafidenéd a2z @m li aan mEwW €
farkl & deprem b¢gyeé¢kl ¢kllearii vie- ipn kd &g as anyu -y eve ri esvaneels i K alei] le
Ayréceaéveéelakma potansiyel:i varl é] énén yYestpeml|l erdddrdi Bhiir
zeminin viboret ak kol on, derin ka
I

r é K téarnmaaréelpettg/iitblemtkolbmes
literat¢rde yer al arkoil binl &anékl &i yakl akeémaegyree | eki m
bel i rl enmelaitlanv e rsial] rhiakytainr .

2SPTéye Paval @kma Anal i zi

Zeminleringer i | meeéeslask®a hassasiyetinin dejerlendiril mesi i
ilk olarak Seed ve Idris§1971)t ar afgéemrdeaerk | e 8Ev EIl mimat amal i zi m-bew é-nadlaék nt
z amanhcallenggekd ¢ nyanén pek -o0ok ¢l kesinde olduju gibi Teér
belirlemek i-in yaygén olarak kullanélan bir y°ntem ha
deprem sérasénda zggaovemnlhi siéevétamimaym kekwxka&rl é diren- o

tekrarl & geri kegaslr anmaapk te8idRgsreirlass énda ol Weedvveldigi®il)ar | € ¢
taraféendan Denaheml Adceki égi bi

CSR=0.65 A fv @)
g S,

Bur ada; PGA, deprem séraséndaki zemin y¢é¢gzeyindeki pi
si smik tehl|ke analizlerine dayal é ol arak baekbéndanmekk
alanéenén koordinatlaré ve tasarémda se-ilen tsedesir¢,r a
séraseéyla, séveélakma dejerl endir mesi ndirmney agpeédlikaree aagzensl &
ol up Denklem 26de verilen der(Limolvé\Whemab®Pol € i fadel er den
i _€1.0- 0.0076% z ¢9.15m @

9711.174- 00262  9.15z ¢23

Zeminlerin tekrarleée diren- oranénén (CRR) belirl enm
numuneler ¢zerinde tekrarl e ¢- eksenl i, tekrarl & basit
ger-ekl ektirmektir.
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Ancaknumune al émé séraséndaki ©°rselenmeler, cihaz gereks
m¢hendisli k yapél ar & déaazinaheylerine &y alr @ éoldar &k -t @ahmine € CiRI
Teéer ki ye 6 diglengygulamalddasekz el | i kl e SPTéye dayalé sévélakma a
yentem ol duju g°r ¢l mektedir.

Sondaj sérasénda yapélan standart pend&tradfLydrn deamsa&yic
or anéaj skwmydus boyuvap én,u ntuinje al écé t¢r ¢ gi bi bir-ok fakt?
hesaplamal arda kNldanéd laermikniod ahn SPITi kl e d¢gzeltil mesi |
%60 enerji ver mimki-lBiPfe] € n)do@rDemnzkd Netm 13 6 d efeni TBDYd e d @d kil €b i
SPT ekipmanlaré i-in °nerilen d¢zeltme faktoerleri Tabl
(N)eo=N.G.G.G.G. G )

Knce da¥bed deemianitemiz kumlafFC¢ %5 i - iwe M . 5 b ¢
ger-eklexktiji ve g¢g°zI| oume.dDdlt abaf ged t
ve bu durum i -in tsekrDeernlkd edm rdedndedikoektein b i (

_ 1 J_(Nl)GO,CS L 50 _1 4
34- (Nidoes 135 @O.N, )y, +45g 20C

CRR,

Kum i -erisindeki 27 emien idrkaymadivirdetnagi anti a th&&r@ €k Preab | ek °r t ¢
7.5 be¢yekl ¢jindmkie damreenboamreédnd azl a dodzneal stéi)sh dne fke n{uNe d a
Denklem 5 kullaneél ar ak eidsd? B¢ knekediiBaradaaweb ifddelg¢riance danei ne (

oranéna bajlée olarak Denklem 6 ve 76de verilmicktir.
(Nl)GOps:a +&N]) 60 (5)

&0 ;FC ¢ %5

e |
a=@xpgl.76 { 190FC*) @ ;%5 RC %3¢ (6)

& .FC2 %35

él ;FC ¢ %5
b=g.99 {FC'* /1000 ;%5 RC %35 7)

8.2 FC2 %35

Deprem bg¢yénksl ¢7].¢5n6¢dne nM f ar kl € ol maseé, °rt¢ baséncéneén
°ncesinde baklangée- statik kagma geirnl mék&ranééemdriuenk

genel lexktirilebilir.

Tabl o 1: SPT d¢EBdOYe0me faktorl eri

D¢zelt me Eki pman Dej D¢zelt me
¥r (tc,?fs én ¢ : (95.765,)°5¢ 1.7
Enerjior a n & Hal k al _é to 0.45:|: 1.00

(Co) Gg,_v en I_ i t ol 0.607 1.17
Otomatik darbeli tokmak 0.907 1.60
Sondajdelgi-a p ¢ 651 115 mm 1.0
(Cs) 150 mm 1.05
200 mm 1.15
3i4m 0.75
Tij boyu 47 6m 0.85
(Cr) 61710 m 0.95
107 30 m 1.0
Numuneal étipié Standart numuna | € c 1.0
(Cy K- t¢égpénwmumasg 1.17 1.3

155



YeniT ¢ r kBnpBeprem Y°netmeliJine G°re Zeminleri nKySélveékltaikrmal nfensail i zi ve S

CRR, =CRR 3¢ K K (8)

Burada;Cuy, Denkl em 9 aGebeemmaagnngjdl¢cade & m kne ° rsfd dre. blsénceée degzel tn
Denklem 106da verilmiktir. Denklem 106daki f i fadesi Z
(Youd vd. 200). Ksd ¢ zel t me fakt°r¢ ise bakl angé- s tirgarametrelolapy ma g
g ¢ n ¢ mgenelliide ihmal edilmektedir.

c, =(M,, /7.5 %% 9)

K, =(s, /200" (10)
Sevélakmaya karkeée g¢venli k sayésé i se De Dédnkleeninl &kidee 806

gibit anémakatnadér . ¢lvietrelriakt ¢ @lyyésgéenén genellikle 1.16in al

hassasiyetinin whpyleénjié nTeB Dibkdanrdesticedeat Ime&n &l mékt er .

CRR,.,
FS=—— (12)

CSR
3. Analizlerve Bul gul arén Tarteéekeéel maseée
Bu -al ékma ylkaps amEhtéande veril en SPTo6ye dayal é séevel
belirl enmesingr afaij k laggraicra kh @2 @kibraznnmodetkeu | il -ainréd hrie€ik it ez & 16 Id ie k
i -Tabl ovearnidleenvgrir -akal ékl aré ileTagmalainal ézl|l gedeelkleeamkn
yeralté su seviyesi czerindé&kdalttaébisiu bsierviiny ehsai c i am tagfnédral
aj érl ekl atoél arsaek 1k8a bkuNl/ nedi | mi Kkt i r . An astandailt pemefrasyorgdeneyi e k | e
séraséndaki arazideNyP] -gheea danbdbeosankdnmne e( F@PEVe Kkemal

o arak se-il miktirTalled i X&kee | SRI-Nini diBjail B FLLan3ed,i, n YBRSS 1 - i1
114 m, izZ19i.-8i m ®I| mak ¢zer e t omlpar Adabkidrde rdaddaréperetkagyan danaya | i z |
d¢zelt md ef ahkht fisesTes-rikmiynedbede yaygén olarakt kdefaenékan ke
Tée¢rkiyeddeki hal kadiév rtiokkamadkO0Ktud Tl @ajfn@enicea n -2 mer i | en ener ji

Ce 0.75; sondaijt meuywaukd ra@e Qlgmene al ég® s ;Qebdlt meak akt
¥rt¢ baséncée dyzekbtme|fobbyUrgdicea€bal mei hagefleeklo€k{fi miel d
olarak Tablo 16e g°re belirlenmiktir. Standart penetra
bir ve maksimum 20 m derinlije kadar toplam 13 SATekta o
N dejerl eriomitrmal®lmag Iddedgjimeki j Fi nemsiEl 1. 8; 3. 3; 4 . 8; é

PGA

va = 18 KN/m3
] SPTN
FC
Zmax = 20 M
kekil 1: Analizlerde kullanélan arazi model
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Tablo 2: Analizlerde kull anélan dejikkenler v

Deji kke Dejerler

Yeralté SNI(Im)SEVi0.0;2.0;4.0;6.0;8.0;10.0;12.0;14.0
18;33,48,;6.3;7.8,9.3;10.8;
12.3;13.8;15.3;16.8; 18.3;19.8
SPT vuruk-Nsayé:5;10;15;20;25;30;35

Knce dankRC(%W)¢ zd(5;15;25;35

Derinlik, z (m)

SPTéye dmgbbemad analizlerinde depremin karakteristikI €

séraséndaki zemin y¢ésgzeyindeki pi k yatay yer ivmesi ol @

inkaat al anénén faya ol an u aklé]e, depr emiyami TBQY§ g &k é ¢ 7 ¢ ,
I

z

verilen sismik tehlike harith as @y esi nde f ar k| & ktod kaeyrl rékrl aarbeell 8 kil eerné bi 1 i
-al ékma&d&Kkiak ma wanarl.i5z lbegyi¢, KIM] ¢ndeki ve pik yatay yer
ger-ekl esevel amiggyeak a kke&aw®1 ar €l ¢ FSt andart penetrasyo
ve yeraltée gsgersaevVviyel draij | é-Yielrarldle magseplvd miedsda tnéindg nrmoy e
méli k artéeklaré $PFNh grpeentddadaeismalyighlae ed@mdai P egil mekk il
grafiklerin her ibnr%5, n®we5damw25 iv e(rdEkbacwdiynas ék aihaniulmd rad &
standart penetr asyNn= d5ariblee s3aby édraarséénnédna SdPeT] i kKt i ] i 7 far

Grafi klerde, s éveél ak dainlidesSPTNr defi @iri meskair k ey @fkelgeé pa
bu durum il gili derinlikte saéwell akmka emd tra & cta-phEH Ti 3nb, nikeeiki
z = 9.3 médnin ¢zerindeki d e rYASSI i- 8.3me gedyesind kad@PTHENe=j38alann b u |
kumlardas é véh @lumma yacafade et mektedir. Benzer Kekil de, YAS
séveélakmayacajé grafilchadfi kteri nhoheedgeatdgbshnekt agine. ge
dejerl er-NoiiniartS®Kdé il e sévélakmaya karké g¢venNi k s a
dejerinin 35 olmasé durumunda dahi d¢zeltme faktorler
sevélakma durumlaré s°z konbséan oldCatbddmelkgedk r ol Bwj] wud w
g°zl enmeyece]i -Mliglée éknaérné khtaém éSlPifamas é ger ekt i J i ni g% st e
birisi de, YaK&mnolndyjoszedwer yml arda, ince ddnaedreadérat |
ol duk-a °nemli d¢zeyde ol duju ve bazé durumlarda ise z
seviyelere ulakabildtifeldia.i YASSdane deana@ahdpki aart éx
artérmaktadeéer.

kekiolbda ver i 1 en Ripk agrraazfii kkloexru,|l | saer-éinlaewnea ykaull 8 amléanréa o | Mau
rdir. eminrefy nzwe) imoldnditafzide,z = 8.5/ mse\dyesinde
I en -8BiTn sZoh,unidacehadcdansePTor anénén i se %15
ve 1.0g6l i koirgpe kr yrad ea yk&e&lea wrageeksenld iiolk u3k.abubeds
6 ol arak Aoaaiydeliduwreer eikN iethee]ddPTime kit reae r d
t
e
i
n

wg & @ jnis gedfidendiebsui | nuinnrma(ma s € h%d dadeer ikleekn | g r2a
k1l ekt araziidle§ ® e jbémzen nitadiktel olare d e ryiarkléink tdeekjre rl leerr e

il gili noktadaki Zzemy onny % Begaplamabknmektagia  k ar K
ka-érél mamasé gereken °nemli biw=7B80kt a,

e ki depi ¢m vei fiagé&t eelkdlepkteimr iplae aendt Fehepgigve
d¢z @li tri Idneepsrie mg esreenkatriyjoisdui ri.- i n(PGApVe |dep|teren en p
19 & Kk igritfiklezden elde ediley ¢ ven | i kFSsaay-& aDe&Enkl em 1206ye

ki deprem parametrelerir@it g ¢ venl i k pesv ¥ 6 &5 & ybélddSbilmektedir.

de PGA, g cinsindendir.

1.0g 5
FSeam = FSearmas 3@ é_ 6 (12)
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Derinlik, z (m)

Derinlik, z (m)

Derinlik, z (m)
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o vy p o m PN PSPTES yopops m30
/ 6 :
e ,’ v /‘ //d — yre o - SPT =35
oy A m & E s e v £ & & |
yapd g 2ol ¥4 /-/ o
vAw g £ s r
viNe g 8 v o
YA [ 14 . /‘ 7{
Tiits tr s
Tpine tid
Pl o i'
a b
S5FS AN @ tp o
A 0.2 03 04 0.5 06 07 0.0 02 03 0.4 05 0.6 07
FSPGA=1 IM=75 FSPGA=| IM=T5
0 T T 0 T T . T
5 IVILASMAZ Tun;go:?nlggigin 2 SIVILASMAZ Tun;gc:kt%\gg\t;\n
| _YASS|
30m
i €
N
4
£
35 5
a}
(c)
0.0 0.1 02 03 04 0.5 06 07 00 01 02 03 04 05 06 07
FSPGA=1 (M=75 FSPGA=1 ;M=7.5
kekiYlerdal|l t & sw=sévimykesin §¢veeahisk sayéel ar e
O v 01— : ————
Tum noktalar igin
24 FC=%5 24 FC = %15
BIVILASMAZ SIVILASMAZ
4 4
61— SPT=2 10 15 20 28 7%77/%!97:,577 | _YASS| 64— — Jgji,f_,,&,*}io, - YASS
/)' ‘/Y /l‘/ -~ _ ~ A —— sPT=35
8 e v A & 8 o E s/ e ¥ & w & =
ol -v/éif-(p/ Sl y £ ){o’
ev i m ¢ £ v 4iomog
12 evidu g g 2 vdg o g
14 OVIA*[iQ 14 4 v‘%ri/&
ovdd né v A TI ¢
16 4 i i 16 4 I T !
ov 4 i LR vimm 6
o letildd Piead
| ] (a) 1 T (b)
4 A
20 o9 + ; 20 e : t +
0.0 01 02 03 04 05 06 07 00 02 03 04 05 06 07
FSPGA=1 1 M=7.5 FSPGA=| M=7.5
0 . T e 0 T T . .
Tum noktalar igin Tum noktalar igin
2 4 FC = %25 24 FC = %35
SIVILASMAZ SIVILASMAZ
4 4
J .20 25 | _30_ | YASS| |l .. ._sPT=5 10 18 2 . _ 25 | Y YASS |
° e ~ ° i A1 - 30
. r'd /l//,l’/ E & o /1//A//I/ i
o o SPT =35 N o v £ m g
10 4 ‘ o X 104 o 4 |
/ - £ yorom Ve
12 A i s & g 12 o7 4 m o
/ d SPT =35
14 4 @ 14 4 ¢y 4 W ]
i g ey 4 4 4§ ¢
16 - ] 16 4 : /
L syde s
18 PR 18 4 °y A 4 ¢
c i d
20 L P S N S ‘() 20 - “:L“J';'I"‘a{ t + ()
0.0 03 04 0.5 06 07 00 01 02 03 04 05 06 07
FSPGA=1 IM=75 FSPGA=1 1M=7.5
kekiYerbal té sw=s@vmyesin b¢veeahisk sayél ar é

(FS

(FS

159



YeniT ¢ r kBinpBeprem Y°netmeliJine G°re Zeminleri nKySélveékltaikrmal mfensail i zi ve

kekiYer6al t & swu=s8&vimyesin f¢veeahisk sayélaré (FS

kekiYer7al té sw=s&0imebiinhg¢wvanvirb)k sayélaré (FS

160



