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Yoyanisiin liquefaction MnwANTAlLHUAULITBITIBIUIN 6.3
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saluauuuarluiesuiiinig uenandasiinnsfauiedesdle eldnaasuuaginseinisiie
liquefaction  dw¥unadnsvesiifed awiilimsuietadeidummuaunisiausngnisal
liquefaction MnimansausuAulnTesse vennniiBninneiuarasuifisuiumansniaied
i asiliilalunszuiunisieseet wazannsahlvldiduduwuudmsuinseilu fuiisus
v3earusarnduunuiivanaleniaia liquefaction ieluszyrvuldldusslosinanisadng

PrusaulusunAn

4. NaN1ISALUY

4.1 TanatAn liquefaction INNANTI5ATIVIAULAAY (ground water table)

v
[ o

Han1sAnweyaunlafuaInrguinul (observation well) naenszegiian 1Y Tu

& A o 1 | A s 1 I [y a a = .
HunAnwidnneudary wuindinldeglussdvawasinginssunisiudsunuas (fluctuation) Ay

nan lnsanzluusnamduiunsiu Wy UShafvanswuas wagAoutaniia USaunddl
Tomalunsiiin liquefaction Aoudnege druuinadualduns Jaduniuiisiudae ulszauiile
AudingAnssunisiasunual (fluctuation) AuLIa1 wATZAULIABUTAIINRIAY Ton1alunisiia

liquefaction fiteoy

4.2 n15Us2diY liquefaction AMNNANTISNAGRUANNSIAAULIEDU

HaNISANEINISAAUIINNIsNTIemad  (Liquefaction) sle3sAduduasiiiou
(Shear wave velocity) MNNANIINAGOU spectral analysis of surface wave (SASW) @150&@3574
AdNTusBaUszaun1salilewusening Amanusindudau (Shear wave velocity) wazdiuiu

3 & de ° ' 9 0.161
ASINSRBNLINTEIY (SPT number) Tuitun@nwidneusdan [Wuludsauns v = 133X

Wethdeyaannuanisnaaeudieiu luiesigilenaiin liquefaction fe3sves
Andrus and Stokoe (2000) wag Kayen et al. (2013) WuU11 NANITIATIZRADUTNEDAARDINY
noAnssuMAnTuassluaun ety danudululanazyinisasisaeulenianisiinusingnisaivse

wia (Liquefaction) sae3spauduaziiou

4.3 N13594A3129 Liquefaction 2nwan1surufulviuaiany fanindieese

HANI3AN®INITLAR liquefaction MwAnISuHuAUlMILLIAT YuIm 6.3 (back

analysis) A2875 Cyclic stress ratio (CSR), Liquefaction Potential Index (LPI) wag Liquefaction
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Manifestation ~ WU2135AINaNHAMURIIEANAUAISANE TUNUT B1LnouLa1? Tanineese
wana N Tun153LAT181AN Liquefaction Potential Index (LPI) #1lgA1 Cyclic stress ratio (CSR) 21n
N153AS1¥I ground response analysis Tir1fidanAdIiUnaNgIUNITAN liquefaction 1INNTINS

AATILMILEUNITVBY Seed et al. (2003)

HANTSANYIMANISAL liquefaction AnnANISLALALlMILIATY WUTT wruAulnITeq
(Aftershock) @nunsadsnalitiin liquefaction 19 vislvuaunufulmsesdosdivuiniinnii 5.0 uag

aglusmiiuszana 10 Alawns

nangIun1siin liquefaction  dulngazegduuduiiunznaulvi (Quatemary
deposit) waztfungnaudiminnznawiin (Fluvial deposit, Qa) LAZUBNAINAUNTIHANINUAINN
annsauia liquefaction loua luns@nwnil Ssmuiduiudinazideadimnaunsisuts (silty soil)

aunsaiin liquefaction leauniu

4.4 nrsdasizinazyssiliuadnudesdeainysangnasal Liquefaction

Tugnawianl JNIALTE9518

Sloldi8nsmute 4.3 uazfinnsanteyatiedefidmalifiAn liquefaction léuA ng
WasuuUasildAu ﬂmauﬁai"fuﬁu LAEANTULTIvRALLALI aunsalieTeikasUseiiuaiy
Hesdanaiin liquefaction uarlanmafivivesgiusniuilonin Liquefaction wiouiadiounnd
‘deassannleniaiin Liquefaction LLaﬂamaﬁﬁamaqgmﬁﬂ?TuLﬁaWﬂ Liquefaction wfiet1luldlu

MMSRATUINIINREATNEIATUNWEU THUaniuan liquefaction LiosaniauAulm

=1

4.5 Ysziiiuanudunivesindeyu a.ulies 21989518 anvuawiuaulnlgega

a & A A=
g14130 Lﬂﬂ“U‘lﬂmuWUVlﬂﬂ‘U’]

Han1sUsziiulon1anisiia Liquefaction vesinsastu wuillenialin Liquefaction
Telunsdififinmssuusanssyhusiudulmiianuguusigeaniuin 6.8 uazrnansussidunudasnss
Y94§1U51NAL35 Punching shear analysis NIflLsINTEUHUALIIANLTULTIGIEATUIN 6.8 T
AURTRAT 3,000 T wudn mnumuivestudumierligiunngluanifisanedenisfiunsita
deanngrusniaeneglunsdiiduiunsenatudiudisgayidetids udetudunsievaain
Liquefaction Lwil,ﬁaﬁmimwﬁwé’qu:uﬂmusuaa%juﬁumﬁaﬂéfgflumﬂaj‘uam WU MaeFuLuNMIUYes
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nansUspiiuauiunedlassaiandnvegluanindesturousenseviusudiulm
A5 NEK. 1302, AT ERuNuAUlmITIMYUAAT (Deterministic Earthquake Analysis) 91n598
Houutian vuaukuAulm 5.91 Augtic 475 T waznanisinsgidoundummnisaiusuduln
Slotuil 5 nquniau wa. 2557 wa 6.3 wui TassadsgluaniisaomdsliiRnanuidemes v
nan1siaTeilassadeteussuiuALlIMILIAANTULTIZEN 6.8 ATURTRTY 3,000 T WUt
Tnssaaaorninanudens Woswnluwuddafiiatuanusnssyiusiuiulminniunding

SUTLUUARADITUAIULATIAS 19680

ToLAUBLULLNEaAANULEENIEND1UAATULNGLUANIATOIYU AITHETUAIINLTUAIYDY

lassasegluaninsesdu wu nsiasuanduasistufunsie wly n13Anms Base isolator #30n13

EUAGUNIAITYINNTIATIE M IE NI ST AnSHAgean

4.6 WwLAsasdlavea lUsEIEuNsAR liquefaction Tuduiu

(%
=1

TuauAnud liWauesesiiennasu liquefaction Tuauiu l§un Screw  Driving
Sounding (5DS) (uiA3esilefisluunadnansaldauiios 1-2 AumuasLAzAdey MENANTYINIL
Tdfuangmuadluluiiodu feszuu monotonic loading T muLanadiednsas uan
flamnsnyfuaua loading muarwdnvesfuasfifistu wissiloanusansiaind Torque (1),
Total penetration length (L) waz Settlement velocity (V) iienlufunaumdmesiuuasdiuun

Ussinndu Feteyadanaaunsathluldlumsliasgileniaiiin liquefaction
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Aud etrudeunazlaseasisaisisue Wudu anunidsuesnisiiawduiuludenann §ad
“Usrngnisaifiumad (Liquefaction)” \intu duifiudsuvanlmifivszaeuliaulasghsnn fadu ns
fimunesdnu nudde uariBnisiinsiesilontain liquefaction Sadudsdndu dwsunsesnuuy
thudeuiletestusowsiuiulmluouan

mssdumsinyilulasinist Ussneude nisdisadeyanisiin liquefaction Tuauu n1s
d1999M9558381 N15dITIILAENAARUAMANURAY nsfndarie TansUdsuudassesuildau
nsAnsagUnsaiiauTinaiiiu uaseaeumAauiidudou ndsnlddeyaluniaau Tivhns
nsinszikarUsadiulonialunisia liquefaction wlednyunuiiidssdasonisiin liquefaction
uenani lun1sfinmildiinisiinseianuiunswesgluanindesdusionisifn  Liquefaction a7n
Al wasiauiasaslodmsuusadfiunisidia Liquefaction Tuaunu

nansAnudoyaiilifunaensseriaa 1 9 TuiluiiAnwiduneusian wuddidiliegly
sefugauazingAinssunInUdsuntas (fluctuation) sunaluuinaiduiiuiisy wu Uinasiuans
ugay uazsaeunuenuy Ushaufiiielenidlunisifin liquefaction Aoudisge druuiiamsualis
und Faduiiuiinudaen ufssduhldfuinginssuniauAsunas (fluctuation) snaaan ussedut
Aeutesanianu Tenalunisiia liquefaction ftfoe

NANISAN®INISLAR liquefaction A28 Cyclic stress ratio (CSR), Liquefaction Potential
Index (LPI) uag Liquefaction Manifestation wuhianumnrauiumsaneluitug suneudan
Jwiadesse wazanunsaldissinanlunisadrawnuidsstoanloniaiiin Liquefaction wazlena
fivRuneg1usnnfuilesnin Liquefaction iiteiluldlunisfiansannisneadisenaistuiou 1
Uaenduan liquefaction iilesanuiufulv nansisgiarusiunsuesgluaninsosulunsdiiia
urtuAulgeaeaun 6.8 wuih dudugrusnldgluant flontaifn Liquefaction dhurhdsuunniuld
gusngluanhiiissmasenssuimin fafu flemaiigusniinanismesld vonand waliasgy
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2 0 2 Studies of liquefaction potential soil for Maelao, Chiangrai Province

Abstract

Project Code : RDG5830014
Project Title : Studies of liquefaction potential soil for Maelao, Chiangrai Province
Research Scholar : Assoc.Prof.Suttisak Soralump, Civil Engineering, Kasetsart University

Duration : August 18, 2015 to June 1, 2017

on 5" May 2014, there is the 6.3 magnitude earthquake occurred in Chiang Rai

province. This earthquake is the largest magnitude earthquake that could record in the

history of Thailand. The epicenter of earthquake located in the Phayao fault zone on the

part of Mao Lao district, Chiang Rai province. After earthquake, there were more than 10,000

houses that were damaged. Furthermore, there were some zones that were affected from

liquefaction. The evidences of liquefaction made Thai people become aware of danger from

liquefaction. For mitigation of damage from liquefaction, the liquefaction assessment in Mae

Lao district should be done.

The process in this study including field observation of liquefaction evidences,

geology survey, and soil exploration and testing, eround water monitoring, and rainfall

monitoring, and shear wave velocity. Then the data will be used for liquefaction assessment

and establishes liquefaction potential map. Moreover, the scope in this study included

analysis of stability of Wat Rong Khun and development of liquefaction evaluation by using

equipment.

From ground water monitoring, river plain areas have high and fluctuate ground

water level. However, the trend of ground water in terrace area is low ground water level.

The result from ground water monitoring is corresponding with the liquefaction evidences.

There are many liquefaction evidences in the river plain area. Therefore, river plain deposit is

appropriate for liquefaction.

From liquefaction verification, the result from liquefaction assessment based on

2014 Chiang Rai earthquake is corresponding with real liquefaction evidences. Therefore,

liquefaction mitigation can be done by using analysis model in this study. In additional, the

analysis of stability of Wat Rong Khun will not be affected if the analysis is based on 2014

Chiang Rai earthquake. On the other hand, the foundation and column of Wat Rong Khun

will failure if earthquake magnitude reach the maximum credible earthquake.

@ by Kasetsart University
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6.2 39MTIATIEIN Liquefaction

6.2.1 Liquefaction Susceptibility Criteria
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6.2.3 NTIATIZY Liquefaction Potential Index

U @ TRy URIINUIFVNYRASFANERS

IAsensAneINIsiRgn IwALBaIe It nwEBAL B lugLNawlaT? T TRTDesNY

5-1
5-1
5-3
5-4
5-7
5-9
5-12
5-14
5-17
5-19
5-22
5-24
5-27
5-27
5-33
5-33
5-33
5-41

6-1
6-1
6-2
6-2
6-4
6-5



sreuITeatuanysal

1AsenN1sAnEINISiRdaA WAL Rt nwEB AL K lugLNawlaT? T TRTDesY

6.3
6.4

6.5
6.6

#1508y (@)

NamsAswRaLsaulmvestuRuienisiin Liquefaction
NANTILATIZN Liquefaction Potential Index (LPI)

6.4.1 Deterministic Seismic hazard analysis (DSHA)

6.4.2 mMsidenAauuiuAul

6.4.3 NMIIATITANTNDUALBIVBITUAY (Ground response analysis)
6.0.4 NaN1TIATIZN Liquefaction Potential Index

NAN1TILATIEY Liquefaction manifestation

ayunanIsTiAsEnt
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1 2 a a wa &
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8.3.3 wan1susziliulenianisiia Liquefaction Triggering
8.3.4 wansUszduemnudemeitfuienin Liquefaction
835 Mynnginsiinsevidelasaiisgluan
8.3.6 HANTIATIBNLATIATIUALFIUTIN
8.3.7 HANITIATINFIUTIN
8.3.8 WNANITIATITAIATIATIS

8.4  ajunanisaiiuay

unfi 9 MmInmuesasfiedmiuuszdiunisiia Liquefaction Tuauny
9.1 p3eslevngeu
9.2 FUNUINITNAFDU
9.3  WANISNAEOU SDS
9.3.1 WNANSVIAEBU
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2.4 ssauIngNunulnn

2.4.1 anwazn1siakruaulng

nsiAnusiullulssmalngld$udvinannmsadeusivesusiuiudonlan (Plate
Tectonics) Agadosiiddny 3 wiu Ao wiudenlanvdausuniuiieninusiugisideu (Eurasian
plate) uwazisuUAanlanvlauruumayMsdn 2 Wiy Ae wHUBULALY (Indian  plate) WagwNy
uaymsuUdin (Pacific plate) faguil 24 Teewuiukuimaynsukuduiou dnsidouiy
masnuiimnieludnuarauduuiiin (clockwise  component)  LAdBuTULEIYAFIAY

(Subduction) TaununIvgLsifeunasuiunmaymswldinainiswmdeuiieanluniwinuns fusn

2.4.2 gundanazannnisinakuaulng

1NN tayamanIsalui AUl NlinansenuisUszmalng daudd we.
2455-2553 JauiudeyaunudulmilulseinalneuazyszmalndlAes At w.e.2550-2559 (Fuau

Tayaangaileiui 19 wwiguw w.e. 2559) veensugnuningl wananegun 2-5 wudtdunLs

AugnatanuAulmInIaadanisiiswEuAulnluNunlasinigy nnelusall 200 Alawns T91u7U

Y
v 2

Ve 2,451 A33 Pesudananisel 6.3 3nmes Wetuil 5 nauaau w.a. 2557 lagaunsauans

Ualduntayalanamsed 2-1

2.4.3 ANTULTVBINTRALHUALINA

AINTULSIBINISARWALALLY (ntensity) lWumieanmns inausulsausuaul,
A = = a a ] ¢ o . = o
VlﬁﬂmaﬂigV]UﬁiaﬂTuJLaEJVi']EJ‘UuN'JIaﬂ IuﬂigLWﬂIVISJUEJﬂJsL%MW #31LUa3AAT (Mercalli Scale) @9y

anue 12 seau (XN TnganunsasSeuiieuauinuiuiuln augussuasdnsisasuaulang

[
a A % 1 a

M15199 2-2 uazilafansanndayaunuikansiuiidesdowiuaulng (nsunsnensssal, 2548)
U r-:l' 1 r-:qu A:{I L% i 4’{ r-:ll A a o a 1 a

AIUN 2-6 wudnituilasen1s Inegluuniiuf 29 Ae ddnenINANTULIIVEINITRAWNLALLYY
7-8  wosAa3 Feluukuiiszyin “Aeneadisesnwuuidemedaniies (audsslunisiiaaiy

deneluszauuiunana)”
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A15199 2-1 F0RYOUALNUR

Y

1 1
= v A

Tngdududayadngaliaui 19 wwgu w.A. 2559

q

Ivasaudiuiilasanism aeludad 200 Alawns (www.tmd.go.th)

tayaunufulng
Richter aelusal aelusal aelusal
50 km. 100 km. 200 km.
<30 715 922 1525
3.0-3.9 249 380 731
4.0-4.9 a4 71 158
5.0-5.9 8 13 34
1 2 3
6.0-6.9 _ _
(6.3 3nL983 05.05.2557) (6.1 ag 6.7 3nL0DI)
Total 1,017 1,388 2,451

M19199 2-2 N1SIUTBUTIBUTIALHLALING AIINTULSS LAZANTHIIVRINUAN o USIINgA

@ue‘inmmw’uﬁu’lm (www.dmr.go.th/main.php?filename=Severity)

TR TIERTO 7D AUTUSS Snsuseiudu

Gnnas3) (woiAad) (%g)

Weendn 3.0 I Uszanwulaisdn asefaldlawzieiesile | wounin 0.1-0.19
3.0-39 I Auoglutuwitiugdn 0.2-0.49
4.0-49 V-V Usenvudiulvg)3ante 05-19
50-59 VIV Usgmnvunnausdnuazenmsidene 20-99
6.0 - 6.9 VILVIL | Ussanauitusnlauazenansidemeuiunans 10.0 - 19.9
70-79 IX-X 91 HMIERE 19N 20.0 - 99.9

11NN 8.0 XI-XIl pImademeifiouiome 11AN1 100.0
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2.5 winnsalusiufulnauiana

didusenidouiinds dinssdinerdanden nsuminensssd (2557) Ifasumanisal
wuAUlYIA 6.3 muuesEnmed Wetudunddl 5 nquatau 2557 1nan 18.08 u. Ineflgaunile
guiiRnusiuiulmegluiiuiiviuansuzay Sunowian Smindessns QU 2-7) Wuududulmid
vngeaniinganldlulssmelng auvmresnsinusuiulmluadsd Weainnindeusvesnds
soasdeunsiendiumile (drwwian) Tnsdeudtluwuissuiumdendie (Left-lateral strike-slip
movement) eialunIngTuean@eunie-niunnidedld uonanudufulnmdnua §1w599in
wuAulwInm (Aftershock) laitfosndn 1,000 s (nsugaiioninen, 2557) a3 lnyad wiaiia léag
SruruusuAulnmuusAeunguniay Sufeusuneu na2557 Ingldfoyannns ugnlenine,

WARaRIFUN 2-8

AENT warAme (2557) larinnnsAnwanwazanizueaknufulmranuazuuAulnIny
Younnn1saliuAulmIwIn 6.3 2.1T839518 WU wuAulmm NS AnmuLuITo sl unsien
2 wua Ao wunztuoonidsanie-nztunnidedsd uaruunnie 18 Fwandugud 2-9 Kedumn
forsanmudemeiintuiisnenuazsneuase Smindess anudememandud]
wwaldunslasudnsnaunanuruaulmeny Wesanuduivlmaufidvuiaiondt 5.0 auuns

Snwes aglndunnnisuaulnivan

2.6 ¥ANgIUNTSLAA Liquefaction

v a L3 a 1 I v 1 a v d
AenduAnvaNIsalbuAUlnLLaT SEnineTuin 7-8 weuaaN W.A.2557 eIl
FenssuuRuAnlng veruditouasinulmnssulgiivasgIusn undeIngrdeinunsenans laad
NufdsawuAulm Inenildutudunisdisaanisfinanin Liquefaction Fafinsyatvegvateiui
Tunslugneuian dunemu uagginauslasie dauandlugun 2-10 fa 5UA 2-12 Wisidayadnn
druifesesifoulings d1inssalinerdwinden nsuninensssal Nladndiunisdrsianunisiie
Liquefaction 31u3u 86 9a ufuteyaresqudide Nd153anuduig 11 99 @1113053UTW
° ! a . . PR} | ' T ° ' & & A
AUMaNISAR Liquefaction tavianun 97 90 dulugynszaneegluginawian waznuiduuneiiug
Y89 LNaNIULAEEUNBKIATIY TugU 2-13 uanadumienisifia Liquefaction a1nwnn15al

weuAulmLla
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700
600 578 ) X X
Aftershock series of 6.3 Chaing Rai Earthquake
500 on 5 May, 2014.
Data from: Thai Meteorological Department
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Image © 2016 DigitalGlobe:

©2016 Google : ! G I 2
Image © 2016 CNES!/ Astrium 'i'.; 2 1 0()‘% C earth
Image Landsat 4 =

Imagery Date: 12/12/2015  lat 19:718852° lon 99.673911° elev. 1421 ft eye alt 29.32 mi
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(Geotechnical Investigation)

3.1 MISANUARILKUINSLRIE 152 TUAULALNTANAIMANINLN

mMadendunisdmnaznaaevluauiy fananaindadefifinasenisiin  Liquefaction
Tnetldeludesduiléfiansan 1iud Sudngrunisifia Liquefaction 93¢ (Eyewitness) &nwaigni
5500381 (Geological) vurnANULTIANUHUALL (Magnitude Wag Peak ground acceleration)
wHuAUlIRIY (Aftershock) Yayanauiaieidu (Boring log) ¥nléRu (Ground water table, GW.T)
s

SUN 3-1 LAAIAILAUITDINITHIZEITI A NAFDUTUAUILNUUBN LTSI EINeT 1:200,000

Y

]
al

du3UN 3-2 wansdurianIsdaznaaaUluANINUNINUTETAAINET 1:50,000 InFUA1NT

Y

Y a

ayuledutiugiurasiuiinivualmanzdrsianasnaaauluauiy qadl

9

BH-4  fla BH-11 WWusunuvemauiiiidneninnisiin Liquefaction Lilasanegngld
Houlvitdnunrymassdinendungnautininn (Alluvium deposit, Qa) uBnaNTi ATUTULTIAIN
wuAulmBsinadesiuanaunsanmoundanuues Sadigth et al. (1997) fuunndmsniiufin
11NN71 0.2¢ F991n9UITeve Soralump and Feungaugsomn (2013) WUIIUASRT ISRy

Weegnidenalviiin Liquefaction Aig 0.15g

o b4

luuramquiane 1wy BH-11  Javnauiudund gneudasie Jmiagese agvneann
uruAulmranUszanu 22 Alawns ausainensseiuAuUsEau 0.12¢ Femaaundnss il

U13ziiin Liquefaction ustlasaneglnaiuunufulnimuruin 5.3 aunnsiinnes uazilsseenng

Usganal 6 Alaluns Feanunsaindnsussiuaula 0.24g

BH-12 fia BH-15 \ufiuwnuvesmquinlifidneninnisiin Liquefaction Sausi3ma 4 nquiane

1% ¢ 1

aglnamudnataauAulvg warauITaAndRIHIINUANTENING 0.39¢ - 0.59g WALLBIINANINNIS

Y

Na & a =) & o LY a 4 Y a v & = 1 o
syauUurunsalu Qt (mzﬂaumwmzmuqm ns1uuth Aulaad LAZYUAULAY) Aanudsludifnenin

Tun191fin Liquefaction
BH-1 §ia BH-3 \Jusuvuresguilduaoufiddyuaziuszsuvunuiwiu

lpgguil 3-3 wagnn3199 3-1 asUsiuniseamsdinanasnaaeuluauy
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550000 560000 570000 580000 590000

610000

530000 520000
Myanmar
B
Bl
Chiang Mai
Province

2200000

m\uauon model of Sadigh et al,1997)
O smoaze
[ 10km 279
[ 15km0209)
[ 20m 159

2190000

2180000

2170000

2160000

2150000

Phayao Province

BOREHOLE
LEGEND
@ BH1toBH3 @® BH12t0BHIS
@ BHAtoBHIL
gl - Earthquake epicenter —  River
A 4 wa Rong Khun — Road
[T Reservoirs - Phayao Fault

Description of Geology (DMR, 1:50,000)
(Black Border)

g [l serdstone, fine-medium grained; sitstone;

=1 shale; tuffaceous shale and conglomerate

N| [l Basattic-andeste, andesite, massive and some

interbedded with schist and phyllite

Il 52ncstone, shale, sitstone, fine-coarse grained
Il C.rtzitc sandstone, fine-medium grained
Il sandstone, sittstone, conglomerate and

% claystone; clay matrix and silica cement
7] sandstone, sittstone, shale
Il ioite, tff, andesite

uvial deposits: gravel, sand, silt and clay

Flood plain on channel: clay and silt on
sand layer
8
] Flood plain : clay and silt
Natural lavee: sitt and clay
ey plain: clay silt and sand

[ 9| Termace deposit sand, sit. soil, clay and sravel
§ I ica schist, actinolite vemolite schist,
] quartz schist, graphitic schist, phyliite,
quartzite, recrystallized limestone and schist
interbedded with volcanic basic rocks

[IE] sistone, shate, sandstone, tuffaceous shale

[ s2ncstone, sitstone and shale; clay matrix
and silica cement, micaceous

I Forohyritic biotite granite
[ Limestone, gray-dark gray, fine-coarse grained

2170000

Chiang Ral Province

2160000

2150000

530000 540000

550000 560000 570000 580000 590000

600000

610000

5UM 3-1 dundamsdrsanaznagauluauiuuuunuissaianegn 1:200,000

Borehole

@ BH-1toBH3
@ BH4 toBH-11
@ BH-12 to BH-15

=

’$
] Pa Ko Dam

lChom Mok Kaeo

e :
— River

GEOLOGIC MAP
Amphoe Mae Lao, Chiang Rai

LEGEND
e Phayao Fault

—— Road 7] Reservoirs

Description of Geology (DMR, 1:50,000)
Sandstone, fine-medium grained; siltstone;
shale; tuffaceous shale and conglomerate

- Basaltic-andesite, andesite, massive and some
interbedded with schist and phyllite

- Sandstone, shale, siltstone, fine-coarse grainedy

- Quartzitc sandstone, fine-medium grained

- Sandstone, siltstone, conglomerate and
claystone; clay matrix and silica cement

Sandstone, siltstone, shale

Il rhyolite, tuff, andesite

Alluvial deposits: gravel, sand, silt and clay

Flood plain on channel: clay and silt on
sand layer

Flood plain : clay and sitt

Natural lavee: silt and clay

Valley plain: clay sitt and sand

@ Terrace deposit: sand, silt, soil, clay and gravel
Mica schist, actinolite tremolite schist,
quartz schist, graphitic schist, phyllite,
quartzite, recrystallized limestone and schist
interbedded with volcanic basic rocks

[E Siltstone, shale, sandstone, tuffaceous shale
Sandstone, siltstone and shale; clay matrix
and silica cement, micaceous

Bl Porphyritic bictite granite

- Limestone, gray-dark gray, fine-coarse grained

CHIANG RAI PROVINCE

Chiang Mai
Province.

Nan Province

Phayao Province

UM 3-2 dundinisdrsanasnagaulusuiuuuinunssalingl 1:50,000
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LEGEND

:] Mae Lao District [
:] District Boundary (8

A13197 3-1 MsUszliunazasUAunlinIsdsrauasnagauluauy

JUN 3-3 asuduvienisdrsrauaznagauluauiy

L P dnwae | Liquefaction | Distance | Estimates

11 i nzNDU eyewitness (krm) PGA N i

BH-1 | n3eeyu Qff 1siiAin 11.25 0.24 19.8242 | 99.7632
9139

BH-2 | n3eeyu Qff 13iiAin 11.25 0.24 19.8242 | 99.7632
9.139

BH-3 | dnseeyu Qff 13iiAin 11.25 0.24 19.8242 | 99.7632
.14194

BH-4 | Yathdeu Qa Lfin 1.35 0.60 19.7593 | 99.6968
F.ASNZAY B.UUAN7

BH-5 | Tsaiieutnunusiinges Qa \in 1.50 0.59 19.7541 | 99.6921
F.ASNZAY B.UUAN7

BH-6 | u.4 Unuduiuuen Qa \in 3.50 0.48 19.7632 | 99.7201
GI.?]@QJ%&JE]NL?{’J a.LLJJ'a’l’J

BH-7 | Tndususing Qa \in 5.85 0.38 19.7995 | 99.7028
#.UNDAN B.11a17

1ny
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VGH 8 dnwalz | Liquefaction | Distance | Estimates

LNg i ATNaU eyewitness (km) PGA N i

BH-8 | Woueuiyeny Qa 10 8.70 0.30 19.8190 | 99.6578
a.U1nea 9.1a1n

BH-9 | wuwuldayiles Qa \in 7.90 0.32 19.7129 | 99.6267
21308717

BH-10 | Tsaiseudnuiings Qa 1An 6.60 0.36 19.6873 | 99.6838
G].{JJTLJV]iWEJGU’]’J 2.0 U

BH-11 | davinauAudunil Qa e 6.0% 0.24* 19.6498 | 99.5092
f.UuAn 9.Lase

BH-12 | lsaiSsulsianyivenay | Siltstone laitfin 1.50 0.59 19.7431 | 99.7050
7.A9ULAT B.LUAT

BH-13 | Meviasuuneiay 118 | Sandstone laitfin 4.50 0.43 19.7447 | 99.6490
9.13a17 /Qt/ Qa

BH-14 | Tsaiseulvsunsinen . Q. /Q, TaiAn 6.60 0.36 19.8063 | 99.6768
wia

BH-15 | annsallUauns Q. /Q, TaiAn 5.50 0.39 19.7875 | 99.6598

@ JUNS 8.hsian

3.2 d5UHaN15LR1E1 5UALAMFNUANUFIUVDIAUY LAZANYAILNITINAIVDITY

AU

HANN$L91d15335U (Boring log) wazasURnaNTAugIu (Summary test report) YeaviaulaNg

e 15 gy wanalilunianuin n 1Ran15a1d19939NA17 WUz

7.00-20.00 1Un5 ANUANVDIVRULLTUBL AU

[

vanNTUAL T,mwa:ummﬁudaﬂﬂﬂﬁgﬂmﬁuﬁumm

Y v& & a ! N a a a 2 v
LLag']WQG]’JELﬂaWUV]LGUQLGUW ﬁ'JUVQNLT\]']%VlLﬁ]']ng@aﬂNﬂLTJUWUV]IEJLLGU\T LGUU AULAUYY AUNTIY LUUAU

LALINNAUNUNI U

wﬁ 3-4 919 3-18 WANIGNYAENITINGFIVEITUAUNY 15 gy nuIanyuedumy

Feuraualunisinuil WuduRunseififuussnmdunsunsnaduduiy (Cap layer) antium

nauLvne BH-10 llﬁﬂ‘l?}mzLIJL!WUV]?WEJLWEN”U‘L!@L@EJ’J (Pure Layer) szmﬁua;ﬂammwmﬁuawuﬁuuaz

AaantRnuIsilUldimTen Liquefaction Tuundaly

3-4 @ TRy URIINUIFVNYRASFANERS
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Depth of Borehole (m.)

Depth of Borehole (m.)

»

\

\

v

BH-1
o \
= 0.0 [ O N E [ O T B B
1.0 "1 11 1 1= Medium dense Silty SAND some gravel. (SM) | | | | | |
E e T T S S S S S S SO S ST SR NN S SR KNURN BN RO RO B
— 20
—3.0
— 4.0 Stiff Sandy CLAY some, gravel (CH), Silty CLAY (CH)
5.0
o gl ddry
E Medium Silty CLAY. (CL)
— 7.0
= T s T (N (N N EEUR N (N AN SR AN A RN B BN B
— 8.0 e e e e e e o e e e
E S T T T T L L (O I B U A A A N N OO IR AR
o 9.0 e e e e e e o e e e
; 10.0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
F 11.0 I I~ Medium dense to very dense Silty SAND trace, some, and gravel. (SM) |
— 1L Lol Lol
E 12.0 e e e e e e o e e e
E ’ e e e e
—13.0 S N T e e T O A O (A A A B AN I
C e e e e
= 14.0 T O O e A A A I I N N R R e e e B B R R
=—15.0 End of Boring 14.45 m.

5UN 3-4 danduiiu BH-1 In3999u 2.1509 21889518

BH-2
—0.0 ‘
1.0 . ;
F Very stiff Sandy CLAY. (CL)
— 20 ’
—3.0
— 4.0 , e
E Medium to stiff Silty CLAY. (CL)
5.0 R
— 6.0
= 7.0 o Loose Silty SAND trace gravel. (SM) o
E N D [ N N
— 8.0 — —
E e e e e e e e e e e e e e
E 9.0 e e e O e e e e
E10.0 L T N N R
E e e e O e e e e
— 11.0 T O O O O O B U U SN USRS DN SO O O
= T TR T B T T T (L (O T B O B O (O T (L S N B B N B B
—12.0 |11 11 1 1 Medium dense to very dense Silty SAND trace, |- | | |- ||
= 13.0 Dl trace to some, some, and gravel. (SM) D
; 14.0 e e e e e e e e e e e e e
; 15.0 [ e e e e e e e e e e e e e e e e
F B R R R R N R B N B
E 16.0 e e e e e e e e e e e e e
; 17.0 e e e O e e e e
r L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
—18.0 End of Boring 17.45 m.

5UN 3-5 daMndufiu BH-2 1n3999U 2.1809 2188938

1Ry WA INUIFUNYATFAERS @ 3-5
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Depth of Borehole (m.)

Depth of Borehole (m.)

—10.0
11.0
12.0
13.0
14.0

e
o o © ©

T
>
S

SN A
o o o o

©
o

10.0
11.0
12.0

IAsensAneINIsiRgn IwALBaIe It nwEBAL B lugLNawlaT? T TRTDesNY

BH-3

Stff Silty CLAY. (CL)
L

Medium Sllty CLAY. (CH)

End of Boring 13.45 m.

3 6 amwwmu BH-3 msawu 2.1494 2.1P89518

BH-4
|

Loose Silty SAND some gravel. (SM)

‘\\\\W\ i i i i ‘ ‘ ‘ “
FTTT T T T T IT=TTTTTITTTT T

Very soft to medium Clayey SILT. (ML)

NN T T N ) s N N S

Medium Sandy SILT trace to some gravel (ML)

Loose Silty GRAVEL. (GM)

Stiff to hard Clayey SILT. (ML)
NRERERRERERRRARRRRNREY

‘ Very dense Sllty SAND some gravel (SM)

A

ﬁ; Very dense Sllty GRAVEL (GM)

End of Boring 11.15 m.

JUN 3-7 an ndufu BH-4 Jaundos f.awmuzag a.uia17 2.4389918
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Depth of Borehole (m.)

311

Depth of Borehole (m.)

— = O ©
- = 0 ¢

- 2 o o
o ©

12.0
13.0
14.0

b
o

b

BH-5
|

Hard Sandy CLAY. (CL)

LY Medium dense to dense Silty SAND trace gravel. (SM) ““““““““‘

L o A A e I I I I B \\\\\\\\\\
T T T LT T T T

-_ —— — — —— —— —— —— —— —— —— .7

R Very dense Silty SAND some gravel. (SM) HHN

i 3 3333 Medium dense Silty GRAVEL. (GM) 3

T
T
T
T
I
|
| |
i i
T T
i i
JEEEEppEEEE] - MO T e ey

T =
g

‘:‘:‘:‘:‘:\:\‘\ Medium dense to very dense Silty SAND trace, and gravel. (SM) \‘M:‘:ﬂ

End of Boring 14.10 m.

3-8 amwwmu BH-5 159i58UtNURUa9ABe A.AUZAZ 8.4817 .1389518

BH-6
|

BEEEEEREEEEEESEEEREEREEEREEE
Stiff Sandy SILT trace gravel. (ML)

A A

TITTT T T T TT T T ITTd
Medium Sandy SILT trace gravel. (ML)

L Medium dense Well Graded Sllty SAND some, and gravel (SW SM) ““‘:‘

L1111 01 Loose Pooly Graded Silty SAND and gravel. (SP-SM) | 11 |

Very stiff Clayey SILT. (ML)

:w:w:w Dense to very dense Silty SAND trace, trace to some, some gravel. (SM) i N

End of Boring 17.45 m.

JUT 3-9 anmdufiu BH-6 Uruduiuudq a.asuvuenuia a.usiann 21884518
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m

BH-7
—0.0 |
—1.0 Stiff Sandy CLAY. (CL) -
=20 [ s /
—3.0 B e e S HE SRR S ESE S E S E S
i—40 -~-"-"- Very loose to loose Clayey SAND trace to some gravel. (SC) ---"-"-
" 5o CSoEIIToo oo EEEPER bt
— F Medium Sandy CLAY trace gravel. (CL) .
E 60 L ,
% —7.0 Very stiff Sandy CLAY trace gravel. (CH) -
= 580 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, y
g ? ' \‘\‘\‘\‘\‘\‘\‘\‘\ ““““““““““““““““““““““““ \‘\‘\‘\‘\‘\‘\‘\‘
M 9.0 w:w:w:w:w:w:w:w:w Dense to very dense Silty SAND trace, some gravel. (SM) :\:\:‘:\:\:‘:\:\:
LH E L I O o I A I B | LU A I R e I B |
o :710'0 e e e e e e e ey e Iy |
ﬁ r
8 110
A 120 Stiff to hard Sandy SILT. (ML)
—13.0
%14‘0 L o A A O I I e e | L I o o O A O I I o R |
%150 :\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\ VerydenseS]ltySAND(SM) \:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\:\
60
—17.0 End of Boring 16.45 m.

5UM 3-10 anwduay BH-7 daduduia a.dinasn a.usia17 24989518

BH-8

—0.0 |
1 T

—2.0 Stiff to very stiff Sandy SILT trace, trace to some gravel. (ML)

A |

E Stiff to very stiff Sandy CLAY trace to some, some gravel. (CL)

Depth of Borehole (m.)
>
(e}

:76.0 TTTT T T I T I T T T T T T T T T T T T T e TP T T T T T rrTT
7.0 Medium dense Silty GRAVEL. (GM)
—8.0 S B i L
90 o Very dense Clayey SAND some gravel (SC)
End of Boring 8.05 m.
JUN 3-11 dnmduAY BH-8 Wauviiewinagy n.Ufian1 a.usia0 21884518
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Depth of Borehole (m.)

Depth of Borehole (m.)
‘ T
N
()

—10.0
11,0
—12.0
—13.0
—14.0

BH-9
|

Stiff to hard Silty CLAY. (CL) -

7 Very stiff Sandy CLAY. (CL) -
\:‘\‘\:‘\:‘\‘\‘\:‘\{\‘\:‘\{\‘\:‘\:‘\ Verydense Silty SANDtrace gravel (SM) ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘

‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\ D:I’ISC?VGFG;dedileSXNHanI;’er(SWSﬁ) w‘\‘\‘:\‘\‘\‘,\‘\‘\‘:\‘:\

End of Boring 11.00 m.

5UN 3-12 anwduny BH-9 yuvuldeyinas a.usia19.1389518

BH-10
|

Medium Silty CLAY. (CL) |

U011 1A/ LooseSilty SAND.(SM) | | | 1 1 1 o1

““““““‘M“HH Medium dense Pooly Graded Silty SAND. (SP-SM) ““““““““““M

:‘:‘:‘:‘:‘:‘ Medium dense Well Graded Silty SAND trace gravel. (SW-SM) ‘:‘:‘:‘:‘:‘:‘

Medium dense Pooly Graded SAND trace gravel. (SP)

LNNNESSYY Medium dense to very dense Well Graded Silty SAND L E Y
\‘\‘\‘\‘\‘\‘\‘\‘\‘ tracetosorne some andgravel (SW SM) :\:\:\:\:\:\:\:\:\:

SN Very dense Silty SAND some gravel. (SM)

End of Boring 13.30 m.

JUT 3-13 dnmdudy BH-10 Tsasudiuvings a.diunsigv 8.y 2.9e8951e

\

#

L 4

>

“u
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ne

BH-11
:70.0 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
;10 ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘ MediumdenseSiltySANDtracegravel.(SM) ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\
;2‘0 ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘“‘ ‘“‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\

E 3.0 Very stiff Silty CLAY. (CL)

C 4.0 ~ — = = Veryloosetoloose Clayey SAND. (SC) -~ - -  —

—35.0 T = e = = e = = = = = =
F v Very loose Well Graded Silty SAND some gravel. (SW-SM) i
;6,0 POl

Depth of Borehole (m.)
‘ T
=

—9.0

F 10.0 Medium dense Pooly Graded SAND trace to some gravel. (SP)

3110 “““““‘\‘\‘\‘\‘\‘\‘\‘\‘\‘ VerydenseSiltySANDandgravel.(SM) ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\
;12.0 \‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘
~13.0 End of Boring 12.45 m.

JUN 3-14 aamBuay BH-11 daviunuduni a.diuen a.usiasqe 31889518

BH-12

— 0.0 |

E Very stiff to hard Sandy CLAY trace, trace to some gravel. (CL)

.

Very stiff to hard Clayey SILT trace gravel. (MH)

TN 77 72207777707770777 7

Very stiff to hard Sandy CLAY trace to some gravel. (CL)

—5.0

Depth of Borehole (m.)
\‘ T
2

—9.0

—10.0 //% 1 MMMMM//// /A
; 11.0 Stiff to hard Clayey SILT trace gravel. (MH)

;12.0 sulznicnizsicnianiaaianinninninsinelnnlee e le e e e i e n e nln s
—13.0 Hard Sandy SILT trace gravel. (ML)

;14.0 - bl I e B e e e e N

E 15.0 4 Very dense Silty SAND some gravel (SM)

End of Boring 14.15 m.

5UT 3-15 anndunu BH-12 Tseifeunaiandinegnns a.auens a.uiand 91989518

3-10 @ 1IRY WAIINUIFUNYASANERS
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Depth of Borehole (m.) Depth of Borehole (m.)

Depth of Borehole (m.)

U

—0.0
—1.0
—20
—3.0
—4.0
—5.0
—6.0
—7.0
—8.0
—9.0
—10.0
—11.0
—12.0
—13.0

BH-13
|

Stiff Sandy CLAY. (CL)

7~ Very stiff Silty CLAY. (CL)
" Very dense Clayey GRAVEL. (GC)

L BED ROCK
End of Boring 7.00 m.

U 3-16 dnTWIUAU BH-13 auUE18 118 2.u31a17 2.4989518

BH-14
|

TTTTTTTTTT T TT T T T T I T T
/| Very stiff Sandy SILT. (ML)

:‘:‘:‘:‘:‘:‘:‘:‘: Medium dense Silty SAND trace to some, some gravel. (SM) :‘:‘:‘:‘:‘:‘:

HHHHHHARE Very dense Pooly Graded Silty SAND and gravel. (SP-SM) AHRRRRN

Hard Sandy SILT trace to some gravel. (ML)

HH Very dense Silty GRAVEL. (GM) HHHH

End of Boring 7.15 m.

3-17 @NMNTUAY BH-14 15938ulUaunsanen a.uia17 2..389518

BH-15

Very stiff Clayey SILT. (ML)

CEEEEEEErr et
Medium dense Silty SAND some gravel. (SM) '/

A

Stiff to very stiff Sandy SILT trace to some, some gravel. (MH)

// ﬁ//f//fi/ﬁ/ﬁﬁﬁ//ﬁ/f/ﬁ/ﬁ% |
Very stiff Silty CLAY trace gravel. (CL)
//m//Wé//%%/// (

Hard Clayey SILT. (ML)

L e e e e e e
End of Boring 12.28 m.

JUN 3-18 anvudy BH-15 annsalluauns a.ldawns a.usian7 21889518
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TAssnsAnensAnan wALas Lo s nuduAu I lus thouta1? Fawdmduesiy a
UNN 4
= o/ g ya 1 a o o
nan1siUauLUaIUa9sEAUL lARUABNTSIAR Liquefaction

uaNIINUsTLNNTBsAULATATULIITRIS T LS sLAL nusAL L Ry (ground
water table) iuBniafenileiiviliiAnusingnsal Liquefaction Tasseduiildfufigauazanns
yhlsdufiauBudadeth (Saturated) fdeuazilonagsoninia Liquefaction 1 Tuunilédnw
sefuATuge-esszRUtliRu uarmadsuulasesssduiilifunaenlusutasquiaizi

15 vyl et nananauUssidunisiia Liquefaction 3naviznavesilafu

4.1 viguinulanu

funtsaimsinnmauiniildau Wudumisfestuiunmsazdinatuiu dauandily
Unil 3 wagn1ARuIn N NsAnAmaimhldaudidunsrdiniianzdisianasnaaeuiuluauiy
wauase tngashnmaie PVC vunadurugugnans 2.5 99 adltlungu Mvarevesie PVC 3n13Uaa

- v o o ] | 4 . 1Al =
LLﬁgLﬁ]WgzLWEﬂMUWIVﬁL‘U?ll'ﬂ,u%@ TINVBINTILRNEINID sensing length g 2.0 lUAT 38U° IR

1%
a a Y

Wumenule a1zt (Geotextile) taviuntinfinseslilisinfulnatlUlurie AduvuRIAuRaG

lasamanasaurie PVC 13 nsaueildiniosiie Dip meter neouasiUlungu e Dip meter dudan
zdadynas uainisinaudnvesseauinanateiniindaundy Dip meter U 4-1 uang

JUNDUNTANAILAZIIUAIUFAULUU manual

wBNIINNIFIARUY manual Tusnufnuilafnfmauinuiuags uaiuuy real time lag

a

ANIUNTHAGINNAULAE BH-10 19819015AARIMAAILUSUN 4-2 d@nSUTURDUNISAAAIMATIaUNY

9 U

AUATIALUU manual wanasiuiiesnsidw piezometer §1uU 3 sensor AnAabaliid WipuiuLy
Ievinszuutiudeyanie Data  logger wazfnnsundlaanyadtunisdrsediv dmsudoyaunladu

anansafnulanu http://158.108.44.241/wisserv/util/login.php é’auamﬂugﬂﬁ 4-3

[
(v [y

A NRSURIWAUINITANRIRT piezometer & 3 funud oA N15gdudn (Bottom) syAUAU
&

[y i

(Top) karszAuNUAUY (Ground) laguenanazinnisiuasuuyas (fluctuation) TunmazszAuLa?

[ 7]
I

FaAnw1dNSNaVeIRIAUY (Surface  runoff) aunsaluradusiunuinlanulansely msigninudina

dosdumouranu lonalAn Liquefaction @mnsaiinuladng

AatiuiauenUIunaanlnAuLazEIRIAY o vau1e BH-10 ladensanidinuiauiiuiu

1%
tY

1 @01l e dnUSunanhduinnluusnaduduandusun 4-4 Yoyarsdudrluldvmiusunaiiaudn

TRy WUIINUIFUNYASANERS @ 4-1

1Y a

Tvaduasdtusu
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n >  Jpg9nsAnYINIsiRaNIwALUKaIR o nLEBAL K luS LU TR TRTDeSNY

\21%5 sensing length Unnmouaziusounie Geotextile

3 I\

=

™

'yl
v

LA ouaslungIiNg

Unehaseuvie PVC wagyilasananiu N1591UA9E Dipmeter

3U# 4-1 Junaunisinnguinuildfukaznisauan

4-2 @ 1Py UM INUIFUNYRTFANERS
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UM 4-2 nauInUILuY real time ol ¥auLR1E BH-10

4-3 g InurulIuuy real time o4 guLA1e BH-10
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s1eNUITEATUANYS DL

an >3 Jusen15ANYINISAREATWALIBRAIA DB NLEUALIUIIUSLNoLUa? TIAT ST

[ 15810844241/ wisserv/ X

< (] ‘G) 158.,108.44.241/wisserv/util/login.php

Login

User Nome - |
—

Dusation :

Real Time Monitoring
Data Ready

Sat Jan 21 2017 14:2:29

# Setting 2 Auto @ Refresh

Liquefy(CL27_0680)

[ ___Bottomima] N Croundima] M Topima]l N Rain0ifmm.] ] TOTAL1[mm.]

Good 00! oo: 001 Goo
2016-12-15 19:30:15 2016-12-15 10:30:15 2016-12-15 10:30:15 2016-12-15 19:30:15 2016-12-15 19:30:15
a [

Table History
Total Record = 264668
14 | <4 Page Number b -
Liquefy(CL27_0680)

No. LR WP Bottom | Ground | Top | Rain01 | TOTAL1 |
l—ll—ll—ll—llﬁ
‘ 1 || 2016-06-02 17:44:53 || 11.88 || || 3.98 || || ‘
‘ 2 || 2016-06-02 17:45:53 || 10.28 || 3.99 || 3.98 || 0.00 || 0 ‘

3 2016-06-02 17:46:53 7.02 3.99 3.98 0.00 0

4 2016-06-02 17:47:53 5.42 3.99 3.98 0.00 0
‘ 5 || 2016-06-02 17:48:53 || 11.89 || 3.99 || 3.98 || 0.00 || 0 ‘
‘ 5] || 2016-06-02 17:49:53 || 5.42 || 3.99 || 3.98 || 0.00 || 0 ‘

7 2016-06-02 17:50:53 4.01 3.99 3.98 0.00 0

8 2016-06-02 17:51:53 4.01 3.99 4.02 0.00 0

9 2016-06-02 17:52:53 4.01 3.99 11.86 0.00 0
‘ 10 || 2016-06-02 17:53:53 || 4.25 || 3.99 || 12.14 || 0.00 || 0 ‘
‘ 11 || 2016-06-02 17:54:53 || 4.26 || 3.99 || 6.10 || 0.00 || 0 ‘

12 2016-06-02 17:55:53 4.17 3.99 10.33 0.00 0

13 2016-06-02 17:56:53 4.16 3.99 12.23 0.00 0
‘ 14 || 2016-06-02 17:57:53 || 4.16 || 3.99 || 7.59 || 0.00 || 0 ‘
‘ 15 || 2016-06-02 17:58:53 || 4.16 || 3.99 || 5.43 || 0.00 || 0 ‘
‘ 16 || 2016-06-02 17:59:53 || 4.16 || 4.02 || 4.05 || 0.00 || 0 ‘

UM 4-4 dayatnldfutasiiluwuy real time g #qaa1e BH-10

4-4 1Py UM INUIFUNYRTFANERS
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4.2 Jayan1snsaintlanu

MInTITIRTEAUUAAUSUATUNN SR LT QUIEY W.A.2559 BAABUNINYNIAN W.A.2560

Fszesaal 1 U (12 hew) vau OW-1  liawnsaiudeyaldnsuiilosainvauiinanudeniy

ddeyanisnyvinssauinldfunuiuuissiuiinvauwavemiquadus uwanshilunsai 4-1 uag 4-2

AUEIRy JoyaunlinunngI9innINaIveeia 15 wau OW wansluguf 4-5 wazllowsneanlu

nauq awnsaasUlalu 3 sUkuu fe

szauinldfugalnataseauifuwazainaeaiaslivguain OW-4, OW-6, OW-7, OW-12

uaz OW-13 fanansluguil 4-6 Tasluseunilstilomaiitldifugeninseiu 2.0 wns
NTLAURIAU LVIAU 95%
ssﬁuﬁﬂﬁﬁuagﬂuszﬁUG‘i’ﬁmﬂﬁaauLLazmﬁmaaﬂﬁ”’aﬂﬁmmi’m OW-8, OW-9, OW-14
way OW-15 ﬁ@LLamﬁugﬂﬁ 4-7 Imaiusawﬁﬂhjﬁiamaﬁﬁﬂéfauqqﬂdﬁzé’u 2.0 lUAS
INTLAURIAU

sysruthlgRudinnsiUasuulas (luctuation) ﬁmqmi’m OW-5, uaz OW-10 fsuandlugy
7t 4-8 TnglusounilelinswasuuUastiuas daus 0.0 f -5.0 WAs INTYFURIAY
dagtulsianansasiudiivgy ow-1 Ifidesnilymainfiugaduluvie uas OW-13

Wesniviuvay

M13199 4-1 Yayan13n529InsEAVLNIARNIUY Manual ¥891gu OW-1 fis OW-9

Jufinsrata Oow-1 Ow-4 OW-5 OW-6 OW-7 OW-8 OW-9
03/06/2016 -1.260 | -0.710 | -1.080 | -2.402 | -4.400 | -3.440
07/07/2016 -3.000 | -0.660 | -2.440 | -1.000 | -1702 | -4.454 | -3.380
20/08/2016 -1.350 | -0.400 | -0.340 | -0.830 | -1.092 | -4.590 | -3.330
27/09/2016 -1.350 | -0.680 | -0.900 | -1.170 | -1.212 | -4.630 | -2.820
10/10/2016 -1.350 | -0.640 | -1.400 | -1.160 | -1.422 | -4.790 | -2.950
05/11/2016 -1.350 | -0.600 | -1.020 | -1.190 | -1.522 | -4.060 | -3.040
20/12/2016 - %% -1.300 | -2.460 | -1.710 | -2.240 | -4.910 | -3.900
09/01/2017 - xx -1.230 | -2.650 | -1.860 | -2.030 | -5370 | -3.900
10/02/2017 - wx -1.390 | -2.400 | -1.770 | -2.070 | -5.100 | -4.370
21/04/2017 - %% -1.460 | -3580 | -1.690 | -2.190 | -5.170 | -4.320
30/05/2017 - -1.260 | -0.940 | -1.920 | -1.850 | -5.100 | -3.830
22/06/2017 - %% -1.420 | -2.600 | -1.750 | -2.030 | -5.100 | -4.150

* yquindemne lanunsasudeyasiela
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M13197 4-2 dayan1snsiadaseavinlafuluy Manual ¥a4wgs OW-10 fis OW-15

Sufinsrata OW-10/1 | OW-10/2 | OW-11 | OW-12 | OW-13 | OW-14 | OW-15
03/06/2016 -2.640 -5.022 -2.400
07/07/2016 -1.600 -3.052 -1.960
20/08/2016 -1.300 -1.390 -1.052 -1.200
27/09/2016 -1.540 -1.560 -1.032 -1.190 -0.206 -3.820 -8.024
10/10/2016 -1.620 -1.640 -1.172 -1.310 -0.276 -4.080 -7.804
05/11/2016 -2.360 -2.270 -1.302 -1.220 -0.166 -3.750 -6.834
20/12/2016 -3.500 -2.880 -2.030 -2.080 -0.870 -4.300 -8.860
09/01/2017 -3.250 -2.880 -2.530 -2.180 -0.940 -4.290 -7.420
10/02/2017 -2.480 -2.590 -4.450 -2.350 -1.200 -4.300 -9.230
21/04/2017 -2.380 -2.500 -5.960 -2.440 -1.370 -4.270 -8.680
30/05/2017 -2.510 -2.900 -3.950 -1.750 -0.830 -4.290 -8.450
22/06/2017 -2.280 -2.900 -3.720 -1.960 -1.000 -4.310 -9.310
Month
28 o 9 98 9 8 g N 3 SN TN N
U.U T T T T BEI _B I" = T T T T T I’ T 200 +OW_6
-1.0 - - 180 ——OW-7
__ 20 - 160 i OW-9
£
E 30 140 —H—OW-12
= _ =®=0W-1
= 10 120 £
fT—'} é =El=0W-5
g -0 100 ?_u =@ =0W-10-1
° =
§ 6.0 80 T —A=0W-102
5 4o A a 60 =% =0W-11
% -O- _
-8.0 I I“ﬁ, | \\\ 'J \\ A ‘A\ 40 emows
A N— = < -3 OwW-13
2.0 | . 20 -0 OwW-14
-10.0 - 0 — A& OW-15

JUN 4-5 sEauinlanuaaniauuy manual vaenguae BH-1 fis BH-15
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K 140
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e 120 £
g E
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T £
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e
© 70 60
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d' 1 % 9ol va Y v a a nl' g =
gﬂ‘Vl 4-6 ﬂquﬂ]@ﬂi%ﬂUuﬁiﬂﬂuQﬂﬂai’l\ﬁ%ﬂ‘UN’JﬂHLLﬂZﬂﬂﬂﬁlﬁaﬂﬂﬂﬂ
Month
w I~
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T8 9 2 998 8 55 55T ooy
== ' — A ! L ! ] L i ' = | —
© c = 4 < c 2 ] 5 c
> 2 2 2 & o0 z & =& & 3= 4 = =2 =
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=
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-
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£
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5UN 4-8 nguvasszautldnuiinisilasuudas (fluctuation)

d1U3UN 4-9 LAAINANTITATITIALUY real time MIvqu OW-10 AHARTIIANUINUNHRY
a (% L . [ ,.434’ IS d' | = v [l vYal a é’ v U (% go’
nsrainszAuaniuseAuauiinsenseteiu dwalriinsiudeunaWuasgennnesiuseiuiiny

wazAINMISUTEUEUTaLakUY manual fudeyauuy real time wudilmfidennaesiiu
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Ground
0.0 150
—
- 140
— <
—
—
-2.35m > <
—
Top
g
3
3
-5.0m E . )
S +
2 290 - 40
L 30
—> <— 6.0 L L 20
) L
L 10
_ L
-7.0m y
— < 7.0 JURE S FLNE A LIS T SN Y odot 0
-] - o -3 -3 - - -3 -3 -1 o - -3
£ 3 i — ) 3 o -8
Bottom £ : £ 31 2 ¥*» ¢ r ¢ § 8§ 3 3
< & = -] - & ~ & ~ o &
2 S & o < ] N ] N = s

Date/Time

-
(=)
°

—Bottom ©O Manual Reading —e—Rainfall
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4.3 ayunansAneseaulnlaau

(%

4.3.1 dlafunay OW-4 s OW-12 (sniiu OW-8) fisgautlafuaanaziudsunlaiua

q

[
[y Y

WeLleuiuseduiafy Asluusnutaiunsoie Liquefaction ladiendingy OW-14 &3 BH-15 ¥
syauihlanuegmuavidsunlasiiuanios

(%
a o

4.3.2 vigu OW-8 AinAstilvaweulsvnveadeuiewiney Wutanau duudaldlysedu

[ T Y
o

S Ya A Y a [ LY I [ ' [ H
WlAAuNLIaSe lWusgauihnTuasmuseaulugraiuin
4.3.3 vigul real time OW-10 ihldRuninsiadinseruaniuseauauiinIsdausiefiaiy dag

vy = & v ) o o v & a . . a St o
Tinswdsuwlaiuasaenndesiuseiudinu daduleniaiin Liquefaction sy uStiauiidsdias

4.3.4 Joyaurlaaunniaiala asiluldlunisinsieileniaiiin Liquefaction e

fsanNsdgulUamugania

(% 1%
o

4.3.5 wan1sAnwiteyat lifuainrguinul (observation well) masaszeziian 1 U lu

Y
14

HunAnwdnneutan wuniinldauegluseduasuasiinginssunisiuasuudas (fluctuation) Ay

4

[ '
=~ a a

na1 Tnsewzluusnailuiuiisu Wy vShnafmuaniuzas LazA199uRLoNRA USIIUNUT
P a . . ' 1% ] a [ [ ] & A a o/ [y

ilanialun1siiin Liquefaction Aawut19ge dduuTiasualdauns Baduiiunsiuga uldseu
WnlaRuingAnssunisiuasuiuad (fluctuation) Mukan usssAuAsuIiNaINEIAu Tanalunis

\An Liquefaction o
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TAssnsAnensAnan wALas Lo s nuduAu I lus thouta1? Fawdmduesiy a
UNN 5
N15AN®WINT5IAR Liquefaction 31nn15nAgayu Shear Wave Velocity

5.1 nMsnadaau Spectral Analysis of Surface Waves (SASW)

MINAEeU Spectral Analysis of Surface Waves (SASW) un1snageuluauiufignindu
waziaunTulag University of Texas at Austin (Nazarian and Stokoe, 1983 wa Stokoe et al. 1994)
nmanegeu SASW \JuisTiondenaanifinisnsyatedivesndulsdd (Dispersive Characteristic of

. a ! < a A = =2 ! [
Rayleigh Waves) 1umi‘wmim’1mmLL@ﬂmwmmmLimaumawmmaﬂma6] U

Wnmageu SASW asnsasuiunislafiiamu vlisnmsnegeuiilddanuindudeaans

= A4 o & ad ) = o a v = s v 1%

nauanvseduuisnismeasusuulidvinans Fsaunsadnfiunisindieiiiesaingunsalndely

Usznaulumeurasinianauluunssunn (Impact Source) WazlAIas3 Uy IaaauLies 2 1A309
Feanwairn1sinAuAsolevndeutukanslilugui 5-1

Vertically
Oriented Source

i

d

e

Receiver

Receiver

Layer 1 Vertically Oriented Sensors(Velocity
Transducers or Accelerometers)

Layer 2

\ Layer 3 /

Ul 5-1 nsRnaaiadesiiodmiunsuageu SASW (Bay, 2002)

Y] Y  aa S v o« % A aa 44' a ' o oA
PRANNITNAADUMIYIS SASW UUADINUNITEATNAAUNUAIMUENIAAY (AIIUD) WANFRIINULND

] '
1 a =

AR 5IARUNAIAIUDR19 TesInARUNTAINEIRANAY (A11NDg) FzneliinnIs
Y = a YA v oa a | A Ao P a o |9 v a ) -
duazieuuInalndlAgeiuiafu druefuiiniuenaiugn (Audan) wneliiianisduaziiiou

Tuszavanasly Astudsdesdinsldumasinianduauiniee) efiazairsaduiiauduanaeiule

MTAATIEIRAN IR UTUaNNsansEIlalnen s dgaaauninlalu Time Domain
wwUassies (Fourier Transform) welimsiudemnuunnsiamlasenineisudyaasans (5U
5-2) WiOAIUINNIAINNLEIAAURIAY (Rayleigh  Waves) vaeianiid1adnude1agiu Fasunin

. . o [ o ! < A a a 5% a
Dispersion Curve TagaunTEIRSUNISATLIMAIANMSIAAURIALLERSLIRIENNISA 5-1 wag 5-2

TRy WUIINUIFUNYASANERS @ 5-1
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.{’j a ¢ 1 < A & a (% = I = 1 .
NUUILATINITAWATICATAINULIIAGURDUNTEAUAIUANH €] BILIYNI Shear Wave Velocity

Profile (gﬂ‘ﬁ 5-3) l9p1e75 Forward Modeling

360
h—d (
¢21 (5_1)
— *
vy = f* 2, (5-2)
e Ay = AnueAdU Rayleigh Waves
d = STYSYNITMINGITUAYQY IS
Gy = ANULANANNETENINMTUF YUY IEDS
Vg = ARG Rayleigh Waves
f = @Al
w
o
o 180
=T
s
) 60
4]
= 0
= s
2 o0t
E— 180 | | | | | |
B 0 10 20 30 40 50 G0
Frequency (Hz)

sUfl 5-2 #1819 Phase Spectrum andasudnyaandunsses (Bay, 2002)

0 f I
20 -
e Profile 1 |
= — - — Profile 2 ' :
z 10 Profile 3* | e L]
A —17
|
60— i =
*Final V¢ profile which represents |
si te conditions i
20 | | | | | | |
0 200 400 600 800 1000 1200 1400 1600

Shear Wave Velocity, Vg, ft/sec

;51]17; 5-3 f29819 Shear Wave Velocity Profile (Bay, 2002)
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5.2 N1SNAFBU SASW USEIUDILABLNATD J9UIALTN51E

msnagau SASW ieuszdiuanudululalunmsiinaniag Liquefaction UShusnausian

Jarinleasie eandunisvaaeuseninaiun 6-10 fguisu w.a. 2559 1UudwIunidu 15 duvi

1%
[ o [

dmsudundimagay SASW ludunidslndfudunianisinnzdisianazinnanguindy dauans

s1wazdunlilun1s1en 5-1 lnen1smegeutiuldsseyring (Spacing) sywinuvasiiinaauiuiisy

'
¥ v o U o a A

U U d‘ ! v W U U dl U dl :J’ ! !
FUUIUAMN 1 LLaeIeINAITUANNIUAIN 1 NUAITUALYIUAIN 2 AE 0.5-30 LUAT LN ILUAAR Y

(%
=

T (5UN 5-4) Yseneulusmerauloud ead1eniuaudasdiniunaaeuduiuiunas

a a

Auumtinuun 100 Alansy Weasispduanudmdmsuneaesutuaunanasluwingy dsudyan

glaun 4.5-Hz Geophone uazlA3osUssuladma I (Spectrum Analyzer) ﬁiﬁ’ﬂﬁuﬁﬁu Quattro

HARLAEUTYN Dataphysics uanslugui 5-5

A15199 5-1 S19AZLIANTITNAFIU SASW UILIUBILNALUATT ININLYBIST8

L y NNA
ATLLAUN fd07UN ‘VI&HEIL‘VW!
N E
Vs 1 | Jnsegu (@1ulensa) 19.823095 | 99.762140
Vs3 | 009U 19.824534 | 99.763285
Vsd | Yahdey 19.759151 99.697129
Vs 5 | Tsassutnunueanvies 19.754383 99.692171
Vs 6 | Unuduiuilen 19.763687 99.720268
Vs 7 | dnduduiing 19.799597 99.703626
Vs 8 | Wewhouwiney (nawnduwan) 19.819817 | 99.657889 | wAgeu 2 30
Vs 9 | guuldayirles (mydnuvuesi) 19.712954 | 99.628431
Vs 10 | Tsai5auinunsienny 19.687402 99.684394
Vs 11 | Savimunuduns 19.648839 99.509686
Vs 12 | lsaiseuiiianingnas 19.743119 99.705309
Vs 13 | ouuldy 118 19.744258 99.663354
Vs 14 | TsaFeuldaunsinen 19.806892 99.676598
Vs 15 amsajlmamgl,ﬁau 7. 109w 19.787483 99.659824

1Ry WA INUIFUNYATFAERS @ 5-3
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sUN 5-5 Adsudyaunaimaulsenn 4.5-Hz Geophone

v v

wazLAIReUIENadyaI (Spectrum Analyzer)

5.2.1 fund Vs 1 3n3a9gu (a1uaaasanuiidle)

N1sNAEaU SASW  UShinauleasanuiialdvesinsesyu Nidn N : 19.823095,

' v
a6 VY o 1

E :99.762140 wansfagudl 5-6 szazsinavesisudnyanaiilinaus 0.5-16 was lnogudl 5-7 uana
AMEIBVULTINITNAFDUUILIUNUNIU mﬂm'ﬁmﬁzﬁﬁagaﬁléfmwi’ﬂuammz"Léf Dispersion
Curves (NSMsEWIsAaNuSInduiuAILE1IARY Rayleigh Waves) LLamlﬁugiJﬁ 5-8 LAEAINNNT
AUIUAIETE Forward Modeling aga@m1samIA Shear Wave Velocity Profiles lanauansly
U 5-9 n1379i 52 mansnaaouuanliiuinduiu 2.0 wasusnidiaudiaduideusind,
150 WAs/AuT wasfisedu 3.0-5.0 wns da1Anuiirduidousrinin 200 wes/Aund Fadiaanu

Juldldnduduifianunsafinusingnisal Liquefactionld
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A15799 5-2 AENUATUALUSIIMNAIUDATAAUTIALAYDIInT DI

Depth to Layer Shear Wave Assumed Values
Top of Layer | Thickness Velocity P-Wave Poisson’s | Mass Density
(m) (m) (m/s) Velocity, (m/s) Ratio (tons/m>)
0 1 140 262 0.3 1.8
1 2 145 1500 0.495 1.8
3 2 180 1500 0.493 2.0
5 3 290 1500 0.481 2.0

5.2.2 funids Vs 3 I03099U (auueng 1208)

NsnadeU SASW  Bnsduvianilaninsesyu vialvanisvesauuaty 1208 Fsod

AUNAMTLBYDITNTDIYY ﬁQLLamﬂugﬂﬁ 5-10 lnefinanaaaulawn N : 19.824534 | E : 99.763285

q

9 =

S8YLNNUVDIFISUAUQIUNLTATLA 0.5-20 LUAT NINENYVULYIINITNAFDUUSIUNTNU kel lu

ALY

5U7 5-11 @u Dispersion Curves Waz Shear Wave Velocity Profiles vassiunusmagouiluanslilu

Y

a

JUA 5-12 3UN 5-13 uaegm197971 5-3 AUEIRU HANSYIRdeULanIA1ANSIRAUduNaITUAY

Y Y
a0

FIUUU F9A1nI 0 UL nan1uUUNan dutufuRutunuIdA1AuEIAAULEaUAININ
200 LWUAS/AUN AUDITEAUANUANUTEUIU 9 LIAS mﬂﬁfummL%’mﬁu‘fmL‘%uqﬁummz&mmmﬁﬂ

YDITUAU

U 5-10 Aunanagau SASW uSiaauuany 1208 anudiAmilavasiniasduy
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100 = - Experimental ]

501 O Theoretical |
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Wavelength, m
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5Ufil 5-13 Shear Wave Velocity Profile Usinmnuusne 1208 fufirmilovesinseseju

M13197 5-3 AaaNURTUALUSIIMOULEY 1208 duiiAvilavasinsasyu

Assumed Values
Depth to Layer Shear Wave
P-Wave Poisson’s | Mass Density
Top of Layer | Thickness Velocity 3
Velocity, Ratio (tons/m’)
(m) (m) (m/s)
(m/s)
0 0.5 250 468 0.300 2.0
0.5 0.5 175 327 0.300 2.0
1 al 150 1500 0.495 1.8
5 il 175 1500 0.493 2.0
9 il 240 1500 0.487 2.0
13 il 305 1500 0.478 2.0
17 3% 390 1500 0.464 2.0

5.2.3 AU Vs 4 datndau
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m)
0 2 125 234 0.300 1.8
2 1 125 1500 0.497 1.8
3 a4 180 1500 0.493 2.0
7 5 260 1500 0.485 2.0
12 6* 390 1500 0.464 2.0

*Half-space in model
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m”)
0 1 145 271 0.300 1.8
1 1 160 299 0.300 2.0
2 2 190 356 0.300 2.0
a4 a4 225 1500 0.489 2.0
8 8 300 1500 0.479 2.0
16 8 390%* 1500 0.464 2.0
24 2% 495** 1500 0.439 2.0

*Half-space in model

**Poorly resolved velocity
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m>)
0 1 110 206 0.300 1.8
1 1 135 253 0.300 1.8
2 2 195 1500 0.491 2.0
a4 a4 230 1500 0.488 2.0
8 8 270 1500 0.483 2.0
16 2% 360 1500 0.469 2.0

*Half-space in model
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m’°)
0 0.6 320 599 0.300 2.0
0.6 0.4 160 299 0.300 2.0
1 2 175 327 0.300 2.0
3 a4 180 1500 0.493 2.0
7 8 220 1500 0.489 2.0
15 7 260%** 1500 0.485 2.0
22 5% 385%* 1500 0.465 2.0

*Half-space in model **Poorly resolved velocity
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m”)
0 1.5 185 346 0.300 2.0
1.5 2 200 374 0.300 2.0
3.5 a4 255 a7 0.300 2.0
7.5 0.5% 320 599 0.300 2.0

*Half-space in model
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m”)
0 0.25 120 225 0.300 1.8
0.25 0.5 160 299 0.300 2.0
0.75 1.25 170 318 0.300 2.0
2 2 155 290 0.300 2.0
a4 3 160 1500 0.494 2.0
7 3 200 1500 0.491 2.0
10 a4 370 1500 0.468 2.0
14 6% 415 1500 0.459 2.0

*Half-space in model
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m)
0 3 125 234 0.300 1.8
3 aq 140 1500 0.496 1.8
7 q 195 1500 0.491 2.0
11 q 260 1500 0.485 2.0
15 q 350 1500 0.471 2.0
19 * 420** 1500 0.458 2.0

*Half-space in model

**Poorly resolved velocity
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Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m”)
0 0.5 100 187 0.300 1.8
0.5 1 105 196 0.300 1.8
1.5 2.5 140 262 0.300 1.8
a4 a4 170 1500 0.494 2.0
8 8 290 1500 0.481 2.0
16 10 375%* 1500 0.467 2.0
26 1* 480%** 1500 0.443 2.0

*Half-space in model

**Poorly resolved velocity
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gﬂ‘ﬁ 5-49 Shear Wave Velocity Profile 3ann1snagau SASW Ustaauls9t3auiianInenay

M1519% 5-12 AnudndaguuuInalsatsuwianIngny

Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/ma)
0 0.5 180 337 0.300 2.0
0.5 1.5 240 449 0.300 2.0
2 2 320 1500 0.476 2.0
4 4 270 1500 0.483 2.0
8 5 250 1500 0.486 2.0
13 5 465 1500 0.447 2.1
18 5 580** 1500 0.412 2.1
23 3* 650** 1500 0.384 2.1

*Half-space in model

**Poorly resolved velocity

5-32 @ 1IRY WAIINUIFUNYASANERS




\

srevnddvatuauysal &7

\

1Asen1sAneINIsiRdgA IWALBaIe o nwEBAL B luS LNl TwInduesny 20 2

5.2.12 AMWWLY Vs 13 auutdu 118

NIVAEBU SASW  finuuats 118 uSlnafauwAnanaudemeanivanisal
wruAUl@eese Tuln.a. 2557 (Ananegau N : 19.744258, E : 99.663354) LLamﬂugUﬁ 5-50 1l
svezviweshsudyaadldlunmsnaasude 0.5-20 was R nmgnevaE M InAde Ui ATy
LLaﬂﬂlﬁugﬂﬁ 5-51 @ Dispersion Curves way Shear Wave Velocity Profiles Yo wmlmaaeauil
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a b4 = 1 v a

ATUAUAUVY FIAATNTUAIUVDIDUULAUALATUNITUADALAD duduRuULANTUNUINTIAIANLS)

g

O ! o v A o = =] a 2 o ! =~
ﬂaULQQUﬂGUGU'NE;’]Q YAUNTEAUANNANTIN 2.5-4.0 LUAT NWUAUNTAIAINSIEINIT 200 LS AUIN

5.2.13 AunUd Vs 14 1sa5euldaunsane

NSNAABU SASW  UShaauua I uiians Tunnidearilevesotasiseu 1sauseu
Wawnsinen Afidaneaeu N : 19.806892, E : 99.676598 LLamaiugﬂﬁ 5-54 S2eEnIvaIfTudy I
flilunmmedeuiie 0.5-20 s sadinmeevagyinnmadeuuTnumthnugnuandlilusud 555
@71 Dispersion Curves Wag Shear Wave Velocity Profiles suawi’wLmﬁamaauﬁuamal‘ﬂugﬂﬁ 5-56
SUT 5-57 uagnnsnefl 5-14 MUSIFU HAN1SNAAEULARIAIAINILEIAALLSaWAINT 200 WRs/Aund

[y

Y
a = Vv ia Y
Assiuanuanlidiiu 1.5 lwaswinuy

5.2.14 fiuvinds Vs 15 annsaliasingiilon 9ausnisussynvu

N1INAZDY SASW ﬁu‘%nmmué’mﬁmzﬁ’uaammawmzﬁmiamggLﬁsu ERRINIE
(Wianaaau N : 19.787483, E : 99.659824) LLamﬂugUﬁ 5-58 fisvazinsvosiasuduaaildlunns
NAFOUAD 0.5-15 LUAT ﬁgqﬁmwmmmzﬁﬁmwmaaw%nm‘mﬁﬁmugﬂLLamlﬂugﬂﬁ 5-59 d2u
Dispersion Curves W Shear Wave Velocity Profiles wassiuviimnaauiiuandtfluguil 5-60 3Uil 5-61
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M1319% 5-13 AaNUATUANUSIIAIAUUEIY 118

Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m”)
0 0.5 425 795 0.300 2.0
0.5 1 310 580 0.300 2.0
1.5 1 255 a7 0.300 2.0
2.5 2 190 1500 0.492 2.0
4.5 2 255 1500 0.485 2.0
6.5 a4 430 1500 0.455 2.0
10.5 4.5% 600 1500 0.405 2.1

*Half-space in model

]
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A1319% 5-14 AnuanURTuAuUTIAlsaTsuldnsInen

Assumed Values
Depth to Layer Shear Wave
P-Wave Poisson’s Mass
Top of Thickness Velocity
Velocity, (m/s) Ratio Density
Layer (m) (m) (m/s) 3
(tons/m’)
0 0.5 120 225 0.300 1.8
0.5 1 170 318 0.300 2.0
1.5 2 230 1500 0.488 2.0
3.5 3.5 315 1500 0.477 2.0

5-38 @ 1IRY WAIINUIFUNYASANERS
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19199 5-15 AMFNUAYUAUUILIUERNTULAIAAYLUYU A IUuns

Depth to Layer Shear Wave Assumed Values
Top of Thickness Velocity P-Wave Poisson’s | Mass Density
Layer (m) (m) (m/s) Velocity, (m/s) Ratio (tons/m)
0 0.6 130 243 0.300 1.8
0.6 1 235 440 0.300 2.0
1.6 2 280 524 0.300 2.0
3.6 2 320 599 0.300 2.0
5.6 2 320 1500 0.476 2.0
7.6 3.4 340 1500 0.473 2.0

5.3 #3UNANTISNAFOULATLAUNTIVYAD

5.3.1 991NNaNIVIREeU SASW  Hlemaimusindudeu nalusunewian Jamrindessie
anunsnulSeuiisunansvaasusialsngnisal Liquefaction Lasainmgnsaduiuaulmlul we. 2557
lade Wumihduneiuinasundsiitaeinusingnisal Liquefaction sinagnutaadunuiead

< A A ° ! = = S a o ' X
ANNSIAGUEBUAINTY 200 AT/ waEliANMUITEITURALAA 4 WasTUlY (AunEINIn
PanUsean 11 Wng eniiufdumianagay Vs8 1aunuiieia 1.5 was wintu) diuusiou
sundanldifnusingnisal Liquefaction Tl w.a. 2557 wulwedufiuiiiainnnusindudauning,
200 WAT/AUT RUNNBIUA 0.5 — 2 LUAT Wit st Shear Wave Velocity Profile 7ilaannnng

MDY SASW Yaeriaensiinanaliluzun 5-62 uag 5-63 Auady

5.3.2 nan13@nyIN1siinusingni1sal Liquefaction Aae3snauduasiiiou (Shear wave
velocity) A787359839 Andrus and Stokoe (2000) tay Kayen et al. (2013) Tvinanoud19donnaodny
woAnssuAnuassluaun dedy danudululanazinisnsisaeulenianisiinusingnisel

Liquefaction MmeiSpauduazinou

5.3.3 Aauduiusielszaunisalilosdusening Amnusaindudou (Shear wave
velocity) Uagd1uIUATINTRONUINIEIU (SPT number) luiuifnwidneudian Wulddsaunis

0.161

Y = 133X

TRy WUIINUIFUNYASANERS @ 5-41
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Liquefaction iasanuruulnilull w.e. 2557

Shear Wave Velocity, m/s
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Liquefaction tiasanurufulvalud w.a. 2557
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UuNni 6

N153AT189 Liquefaction annwgn1salurunulniuians

AININLYEI518

[

nUseasAuadInIsInIIzy Liquefaction annmsnisaliiufulnugdanvug 6.3 tu Lie
Anwinszuiunsiasewarladevesnaaudivestuuluiiug o.uidand 2.1389518 Ndwaliiin
Liquefaction  W@a31nNN153LATIERA1N1TaUSBULTIBY (calibrate) Audeyanisiinvseliiin
Liquefaction 3nwgn1salsiufulmniavug 6.3 Weldnaasluazilseuiisuainun Tuuni 7
el' Yaa a (Y A a 6 (% o A A (% a . .
wazuny 8 AgldITnsifgaiuiiediaTizviuazdaiiunuiideedenisiiin Liquefaction 310
PR UALIIgIEALaEUIALLlINTINARBN13MPEI1991A1T FINTINITIATILIANTUAIVET

gluaninsesiu Ymindessienanisiia Liquefaction usiu

6.1 YumauN1SANE Liquefaction anuaufulnsianIvug 6.3

[
v

TUABUNTIATIEN Liquefaction nimsnIsalusiuAulmiwiaiwn 6.3 aunsawansly

(%
o LYY

PN a e a & Y o &
E‘U'Vl 6-1 mmwumﬂumiaLm’lwm’lﬂazL@B@Luaﬂmu AU

.
JuRaUATsANEI Liguefaction 3nnwruALlnI9UNA 6.3

]
] ¥ y v

15 tests of Spectral Analysis of
6.3 Mae Lao Earthquake Labeoratory ; Cyclic Triaxial Test] 15 Boreholes of scil boring
Surface Wave (SASW)

! l l v

Characteristic of Mae Lao fault ¥ Liquefaction susceptibility
(earthquake magnitude, main 1. Scil type and shape
D ic soil e
shock aftershock and closet 2. Grain size (Uniformity of soil)
1. Shear wave velocity, Vs (**¥)
distance) 3_ Fine content / Clay content
2. G/Gmax
4_ Plasticity
3. Damping
Thickness of liquefiable soil
4. PWP generation, Ru
Deterministic seismic hazard 1. Pure layer of sand or clay
analysis (DSHA) 2. Cap layer between sand and clay
Y

Y

Triggering of liquefaction
Ground motion model -Target response spectrum > (local site amplification) f > Analysis (Seed et al, 2003)
(Sadigh et al. 1997 ) - Acceleration time history using DEEPSOIL Program

(1D) #

Liquefaction Potential Index
(LP1)

Ground response analysis

Verification
- Eyewitness Liquefaction #
- Geology (Qa, Qff)

Liquefaction-induced ground

deformation

5UT 6-1 Yunaun1sn15UsEIEY Liquefaction annuduAnlnIzuin 6.3
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1. Msieszvinueeulmsenisiin Liquefaction 39 Liquefaction susceptibility tag
asUdnuazdufuNaIunsaiin Liquefaction 3ndeyananisinzd1satuiuLaznaaeuauau Ui
dg’ o

ugu Iwaunvun 15 vau (uuni 3)

43

2. MyATERlenIaina Liquefaction %3 (Liquefaction triggering) #1835 Cyclic stress
approach (CSR) way Liquefaction Potential Index (LPI) Tutunoutl 22#99iin15%1 Seismic Hazard
Analysis N13NAFBUAIITIAAULIUTOU LaznsvndouAuauURnIswanans et doyamvaitu

117NNSIATITINITHOUAUDIVDITUAUBUU 1 TR

3. nsUsELiuNSIAA Liquefaction NRaA (Liquefaction induced ground deformation
or Liquefaction manifestation ) uazUIouBUNanIsLAn Liquefaction f\]’mLW;miiﬁLLﬁiuauim

LUANMIVUIN 6.3

6.2 35n157LA512% Liquefaction

Liquefaction tung@inssunisgegderideiuusadonvesiiunie niewlls waensinuunsg
flogluanngBudadie neidlefudanangnussnseiainuduiulm wsadoussuiiadafiu
wiutumnuiudulmiauguusine Waduasinnisusuduazguiias Tnsnsgudadeng
Antuluanmglaiszuien (undrained condition) SvagstliiAnusadutiduiu ungyinlinouss

[

Usz@vdua (effective stress) ssninadlanuanasuazluiignidssuusadouazanas

6.2.1 Liquefaction Susceptibility Criteria

nMsUsELiiu Liquefaction susceptibility Usenausie 1. nMIATIERAINTEIR7
Wesfu (Grain size distribution curve) 2. MTIATITRIBEAYIDIRULRATLIBEA (Fine content) Lag

3. MIATITYDIAUTENDUYBIRULANMMTEET (Soil consistency)

Tsuchida (1970) wui1 Uszianaesauianuisaiin Liquefaction HasulIsnTein
PnuEUAUl A AuUsZIANAUNTIY  (Sand) Lay AunTienauAunsisuds (Siltty sand) lag

Tsuchida (1970) Alauevicvesuunnazilinfufianunsaiin Liquefaction lanauansluguin 6-2

Seed et al. (2003) lo#AnwngAnssunisiin Liquefaction vesduLlinazLdun §1wan
Aunsreudaiasfiumile (Silty clay) Asanslugun 6-3 wuhfumaliuaiunsaiin Liquefaction la
winsinaaudRvesiulaun A1 Plasticity index (PN, Liquid limit (LL), Fine content (FC) uaw

Water content (w%) fesagneliauludwioluil

6-2 @ 1IRY WAIINUIFUNYASANERS
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T B =

dau A Aunegluituiidiu A azillonaiiin Liquefaction endAuiusunamuaulumu

(Water content) 11nA71 80 Waslwus ¥a3 Liquid limit

a1 B Aunedluiui B aziileniaiin Liquefaction anfuiiusunaanuauludiu

Y

11NN 85 tWasiwud ved Liquid limit

diu C : Aefunlunauausman1siin Liquefaction

| Silt | Sand | Gravel|

1001177 T IIIlII/ IIIIIII/\ ylll
Boundaries
—| for most
Liquefiable Soil
i / / /
/L

©
(=}

Percent finer by weight

40 Boundaries 7
for potentially
Liquefiable Soil /
20 / /
olLLitl | W L1 aaaaf I I I
0.01 0.1 1.0 10

Grain size (mm)

JUT 6-2 m3Usudiu Liquefaction susceptibility a1ndnwaizn1snszanedivaiingu

(Tsuchida, 1970)

40 — 1 t t t t 1 }
Seedetal. (2003): }
| | Zone A - potentially liguefiable if w,_= 0.6LL cH—14
Zone B - testifw = 0.83LL or
— J Applicable for FC=20% if Pi=12 or FC=35% if Fl=12 OH
a 0 _: I I I I I I -
% o Soiis reported by Bray et al. (2004)to | /
)] [~ have liguefied at Adapazar in 1999, )I 4
is] \ /
s d
> )
'E ZD.”]E B CII_ or O.ll_ / "‘ MH
= | 1 or 3
7 ] OH
R I — s e e e :
A 10 +-Zone A $ :
o ﬁ Vo | )
CL-ML a@ ' lor :
v |00 I
]
1

B

0 10 20 30 40 50 60
Liquid Limit, LL

;J'Uﬁ 6-3 N15U32L3IU Liquefaction susceptibility 210 Plasticity chart (Seed et al., 2003)
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6.2.2 NMSAATIERBASIEIUANNUABANY (Factor of safety)

NTILATIZRNI5LAR Liquefaction vesduAuluuiazsyiuALEn asfiansanainen
SnsnarunnuUasnstt (Factor of safety) fanansluaunisi 6-1 nsAnarsnsidruanudasnsioain
ANAIUATUNNULTURBUVBIAY (Cyclic Resistance Ratio, CRR) Feufuusadouiiiatulufuainuss
uruAulm (Cyclic Stress Ratio, CSR) fAmuisaulaenivvesiuiiAtesnin 1 wansipuluduy

sanandiloniain Liquefaction
CRR

M'o'\;c
FS“q :W (6-1)

T8l URAIAIAINUATUNIULS DD UVDIRU AN50M e 1raNeTT walun15IASIEHAT

o

ALY ALITAUATUNIULTIDDUVDIRUINNAT Standard Penetration Test (SPT) &4 Idriss and

Boulanger (2004) lalausaun1sdunsuauiual CRR aulansluaunisn 6-2

2 3
CRR,,_;s =exp (N1 s0cs " (N1 s0cs _ (N socs N (N1 60cs 4—2.8
' 14.1 126 23.6 25.4

(6-2)
Tneil (Nl)60CS = A1 standard penetration test (SPT) Ariun sl

CRR,,_,s = #1 CRR Wisufinuiavesusunulmaun 7.5

ASMIAIAINATUNIULTURO TR UNVUIALNUAULILA Y ApsriunIsUSULARIN

Magnitude scaling factor (MSF) nou Faandluauns 6-3

CRR, . =CRR, . -MSF 69
drumsmausadeuiinduluiuannusanseyunuiuln Seed and Idriss (1971)

IolaueaNNITHATITIRERIlUANNST 6-4

CSR=0.657v . dmex
o 9 (6-4)

Tnedl CSR = Cyclic shear ratio induced by earthquake

o, = Total overburden pressure in subsoil layers (t/m?)

o, = Effective overburden pressure in subsoil layers (t/m?)
= Gravity’s acceleration (m/s?)

a,, = Peak horizontal ground acceleration (m/s?)

V4 = Stress reduction factor

6-4 @ 1IRY WAIINUIFUNYASANERS



\

srevnddvatuauysal &7

\

>

1AsensAnEINIsiRdaA IWALMaR Ao nwE B AL B lugLNawla? T TRTuesny 2

& ! = A a X a | a a &
Y9NAINT  ATWSHBaUMAATUTUAUIINLSILHUAUTMY da1u150TAT18A LA LU
NSMDUAUDIVDITUAY (Ground response analysis) @slun1sAnwid azldatsadounintulufu
AINNFIATILINITADUAUDIVBITUAY U1IATIEMUIUMBUNANUNITIASIEAILTIADUNLANTU

TuAua1NISNNsUsEINIUDY Seed and Idriss (1971) AQe

6.2.3 N159LAT1H Liquefaction Potential Index

Liquefaction Potential Index (LPI) @@ Arfivavenartuaiunsalunisiia
Liquefaction aeaIANEYeITURLTRasaN Tnefien LPI aunsafualdannaisnsdiuaiy
Uaendfuvesiuluusazdu (Kafindnunudiluided 6.2.2) idanufunaearudnvemiauianz
wasaki et al. (1982) léiausaunsdmiudiuiumen LPI fauansluaunisd 6-5 dmsuinoueidild

TunTZAUAMNEILNTAlUNTAA Liquefaction dulanslun1s199l 6-1

LPI =Y wFH,
i=1 (6-5)
ool F, = 1-FS, dwiu FS, <10
F =0 dwmiu FS, > 10
w, =10-05z dmiu z  <20m
w, =0 dwmiu z  >20m
H. = mumuivestuiu (uas)

i
n = IUIUYDITUAY

Z. = ANUANYRITUAY (LUAST)

TRy WUIINUIFUNYASANERS @ 6-5
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A15197 6-1 InauginauaINnsalunisia Liquefaction @1n@1 LPI

IAsensAneInIsiRgn IwALUBaIR o nwEBAL B luSLNowLaT17? TR TATDeSY

Liquefaction Luna and Keng at al. (2014) study
Liquefaction Iwasaki
Potentials Frost Chinese Bray-Sancio
potentials (1986)
(severity) (1988) criteria criteria
Very Low LPI=0 Little to LPI=0 LPI=0 LPI=0
none
Low 0<LPI<5 Low (Minor) 0<LPI<5 0<LPIk11 0<LPI<14
High 5<LPIk15 Moderate 5<LPIk15 11<LPI<15 14<LPIk21
Very High 15<LPI<100 High (Major) 15<LPI<100 15<LPI<100 21<LPI<100

6.3 NAN15ILAIZIANBULNIVRITURAUABNSLAN Liquefaction

FDE19UBINTISIATIENANWAULNTNTLA8FVDIAY (Grain size distribution) wlava9my

wazAanUAmuaumiledly Plasticity chart uansluguf 6-4 uazgui 6-5 audwiu drunanis

Y

AATIERVDIFIRENAUNT 15 vigurziandbilunianuan @

AIDUNHNANITILATIZIAILEDULMIVRITURALRDNITLAR Liquefaction wanslumisned 6-2

AIUHANITIATIENNINUAVBIVBYATUAUNT 15 ¥RlA1E (NIAKRUIN ¥)  IINNANITIATIEN WU

(%
a v a =

Tngdulngiiaftumies Aunsewts washunseduesiusenau wauiang BH-1 89 BH-11 9zl
Fuiuneifvunsialndidestu (Uniform  grade) Feiimnuseulviienisiiin Liquefaction
wnsnaguuey @iiviauiate BH-10 wufunsedalndifesiuiounasnianguiang uenani

P [ 1

danuanuwaedAgydnUszn1ivilavemauaigyiavun Ae dadiuvesiungudeniaiu iy

] =2

(low plasticity silt) llL‘UEJiL"?I‘Llﬁ\‘iLlIEJWlEJUﬂUGm‘UiuLﬂVIEJu 91l TusuAnwIves Seed et al. (2003)
¢svenirpunsreudadufuiiawnsaifn Liquefaction Ifidutu fatuandeyatuiuuazinousi
padfinannandnedu Ssannsnagudufufianasoda Liquefaction T#sdl

BH-1: 30393 NUBUAUNTIENA1U504AA Liquefaction AsuA 6.0 1105 adluiia 14.0 1wns

wazAunTentelarAumteINausaiin Liquefaction #A11u&aN 5.0 89 6.0 M3

BH-2: In389%U WUTUAUNTIENA1NNI0LAA Liquefaction AsuA 5.0 15 adluiia 14.0 wns

wazAunTeutuarAumidsaNaiunsaiin Liquefaction #A11uan 0.0 89 2.0 lum3

BH-3: In399%U WUTUAUNTIENA1NNT0AA Liquefaction AsuA 4.0 15 adluiia 13.0 wns

wazAunTeutiarAumideaNaiunsaiin Liquefaction 1A11uan 0.0 89 4.0 lums
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BH-4: Tatnasu WutuAUNII97NaIsalin Liquefaction M1AMUAN 5.0 WAT D4 6.0 LUAT

uazAunTenlauazAumilenianunsafia Liquefaction 1Auan 1.0 way 3.0 Wes wag 6.0 09 8.0 Wwes

BH-5: 15938 UUNUNUBRAIDY WUTURAUNTI8NaNTaLAN Liquefaction #1ANEAN 3.0 LM
9 6.0 lwnT hag 11.0 wes 84 12.0 wes wazhunnendauaziumideifiannsaia Liquefaction 9

AINEAN 0.0 99 1.0 LUAS

BH-6: UNU&UAULEN WUTURUNTIEI@INIaAA Liquefaction M1ANEA 3.0 lWns D9 6.0 WAs
09 8.0 AT 04 11.0 e wazAunseuuaziumideinaiansaiin Liquefaction naudn 6.0 69

9.0 W3

BH-7: JUdUAUNI WUTUAUNTIENENITOLAA Liquefaction  #aus 8.0 LwAs 019 9.0 LUAT
wazAunsenlivazAunieanainnsoiia Liquefaction #1A11udn 0.0 83 3.0 Lwms wag 10.0 O3

13.0 WS

BH-8: Weumewinagy (Inawwidiurin) sutuaunseslstazfumideinanisain

Liquefaction firudn 5.0 83 8.0 s

BH-9: yuvulUayirlos (myUnunuedi) wuduunsienansaiia Liquefaction AnIuan
8.0 LAY 89 10.0 was AunseudsuazAunieanauisaiin Liquefaction  91A21uan 0.0 19

8.0 LUHT MUAIAU

BH-10: 15958UtNuUn 18917 WuguAuns1efiaunsaia Liquefaction Adus 1.0 as agly
84 10.0 wns wazAunssudalazhunteinaiunsaiia Liquefaction #A17udn 0.0 89 1.0 uAg

AUAIAU

BH-11: Tavinaunuduns wuduunsenaunsaie Liquefaction Adus 2.0- 5.0 AT uaz
Aaue 8.0-12.0 AT wazAunseudsiazAunidenraunsaia Liquefaction 1AN8A 1.0-2.0 LUAT

g 5.0-8.0 LUAT

BH-12: lsat3suuianiineian wutudunsisudsiaziusieananisaia Liquefaction

AADATIVIQUIANE

BH-13: M9ua9vnetat 118 wutuaunsenlslazAuniisanainisaiin Liquefaction

AADAYVRILY

BH-14: Tsai3pulUaunsingn wutufAunsenaunsaiia Liquefaction @due 1.0 WnT 9

4.0 Wwag kazfunsrendanaziuuilennanunsain Liquefaction MiAnuan 0.0 83 1.0 was
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BH-15: annsaliasAngiieu a.ldauns nudufunsieiiausaia Liquefaction ndu@n

2.0 wns 9 3.0 WA waziiunsewlawaziumileinaunsain Liquefaction Aaeavianguiang

Grain Size Distribution Curve BH-6

e Most Liquefiable Limit

100 == Most Liquefiable Limit
Potentially Liquefiable Limit
90 Potentially Liquefiable Limit
—&—S5-1
80 ——S5-2
—&— 55-3
_. 70 —e—55-4
o
s —5—555
o 60
b ——55-6
Z —a—587
%50
— —e—55-8
g --m--55-9
40
2 --4--55-10
wl
o --k--55-11
30
~--@--55-12
--=--55-13
20
-—0--55-14
10 --0--55-15
-=A=-55-16
0 coofllees $5-17
100.000 10.000 1.000 0.100 0.010 0.001

DIAMETER (MM.)

JUT 6-4 §79819M153ATILININTTANLAIVIIAUVRINANIRE BH-6

60
Applicable for :
- Fine content 220 % if PI>12% - /
- Fine content 2 35% if Pl<12% i
50
W s
/ CHor OH / .
M sss H
40 |~
4 559
MH or OH A S510
30 L
/ A4S
[ CLoroL A ss12
20 A A~ i
y 3 7 ® 5513
Zone B / N
= ML
10 Zonea O, Seed et al. (2003.) . o
I I I P A — or Zone A -- potentially liguefaction if W, 20.8LL
P e o oL Zone B --test if W, 20.8LL

0 10 20 30 40 50 60 70 80 90 100

Plastoc Index

Liquid Limit

U 6-5 finagneansdnszinaanURnumiedly Plasticity chart ¥8aauianz BH-6
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M15199 6-2 Aa819N1TAATIRIANBaUMIRENTISIAA Liquefaction YaMaNLRTE BH-10

=3

Depth Soil UScs Distribution FC % Clay | Corrected | Plasticity of Plasticity of Liquefaction
(m) of soil (%) (%) SPT silty soil (PI) | silty soil (LL) Susceptibility

0
L 7927 | 2266 7 9.98 30.59 Potentially
Liquefiable

1
SM Uniform grade 23.70 5.24 9 Liquefiable

2
SP-SM | Uniform grade 5.20 22 Liquefiable

3
SW-SM | Wellgrade | 8.56 17 Potentially
Liquefiable

4
SW-SM | Wellgrade | 11.00 | 2.07 18 Potentially
Liquefiable

5
SP 20 Liquefiable

6
SP Uniform grade 5.50 12 Liquefiable

7
SW-SM | Uniform grade 6.80 12 Liquefiable

8

6.4 NaN15LAIIZH Liquefaction Potential Index (LPI)

JUADUNDUNTIATIZINERTIEIUAINUABAABNITIAR Liquefaction #1875 Cyclic Stress

Approach (CSR) kagn15LAT1¥%AY Liquefaction Potential Index azfiosasisuuudtansluanuuy

1 8 wazAnaonAAULKUANIAINBIATIEAMVUIADATUINRIAY (B, ka¥A1 Cyclic  Shear

Stress MADATINAIINENIVDITUAY
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6.4.1 Deterministic Seismic hazard analysis (DSHA)

mﬁmeﬁmmmwmﬁqqqqmaqﬁuau (Peak Ground Acceleration) waig Spectral
Acceleration fiansaniimgnisaluiufulyawiannawin 6.3 uazlduuudiassanneundanuves
Sadigh et al. (1997) (Soralump et al, 2010) lo¥aszazsinaninuquiatesia 15 wau TUg
AugnaaIHuALlINIUN 63 ansnlieseituindnsussiiuiy (PGA) o dufiuudedadaud
0.128g 4 0.649¢ Fauanslums1a7 6-3 99n91uAnwIves Soralump and Feungaugsorn (2013)
wuuIasnsseiuRuilSudmaliiin Liquefaction fesiidunnndt 0.2¢ Tuld defuainnns
Uszanman PGA fiviquiangiis 15 squlusufinuil suinfeuynvauansdienuussvasusuiulm

woflazroliAn Liquefaction sniiuvauiaty BH-11 fiild1 PGA Useana 0.128g

Tunevdalsnsvaouusiuulmsea (Aftershock) Beivunm 5.3 warszozsineminvaw
g BH-11 Yswanas 5 Alawns wudiaunsnadsuuindnsussiuiu (PGA) o ufiuudsussann
0.27g ndeyail Tsanunsnazulén uennimgnsaiusuAulmmdn (Main shock) ud wiufulmses
(Aftershock) Fanunsadawaliiin Liquefaction Mduif viell wiuAnlmsesdosdivunnuinndt 5.0

wazaglusaiiusyann 10 Alawns

M13199 6-3 IUIABATUIINUAY 2 qanaeTununAne

Borehole No. N E szeelndgnain M 6.3 (km) | PGA (g)
BH-1 19.824 | 99.763 11.212 0.250
BH-2 19.824 | 99.763 11.212 0.250
BH-3 19.824 | 99.763 11.212 0.250
BH-4 19.759 | 99.696 1.400 0.598
BH-5 19.754 | 99.692 0.671 0.649
BH-6 19.763 | 99.720 3.446 0.483
BH-7 19.799 | 99.703 5.809 0.386
BH-8 19.819 | 99.657 8.700 0.303
BH-9 19.713 | 99.628 7.725 0.328
BH-10 19.687 | 99.683 3.478 0.481
BH-11 19.649 | 99.509 22.080 0.128
BH-12 19.743 | 99.704 1.433 0.596
BH-13 19.744 | 99.663 3.030 0.503
BH-14 19.806 | 99.676 6.646 0.359
BH-15 19.787 | 99.659 5.465 0.398
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6.4.2 n1staanAAULHUAULAY

UBNINVUINTATUTINUAY (PGA) LA291NN1TILATIZI DSHA §9A9971AT1Z1R
Target response acceleration (Sa) vedAarVRULAY (AdanIzUN 6-6) elUldAnLaen
AAULHUAULMAIMTUNTATLUUTIAINITROUAUDIUDITUAY N15UN Target response acceleration
TumdeyanauwnuAulmniniuasasiannudlndiAus Target response acceleration 81989371
gmsﬁaga PEER Ground Motion Database (http://ngawest2.berkeley.edu/) éﬁLLaﬂﬂugUﬁ 6-7 whay
= 1% = I a = 1N ¢ v U a < ]
dontayamduwiufulmiieluldiiases s sedutuiuwlveusasnauiang

Period (sec)

0.01 0.1 1 10 100 1000
10.00000
=@=BH-1-BH-3 =@=BH-4
—a—BH-5 —=BH-6
—#—=BH-7 —o—BH-8
1.00000 et=BH-9 ——BH-10
eBH-11 —BH-12
A ~#-BH-13 —4—BH-14
=g N ——BH-15
0.10000 =
“
N
R\
o
‘; 0.01000 e
0
N
0.00100 \‘
0.00010 N
0.00001

JUN 6-6 NAN133ATIEN Target response acceleration YaduABEMQLANE

5UN 6-7 sipgnenisifandayanfuurudulniain PEER ground motion database
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6.4.3 N15IATIZHNITNDUAUDIVDITUAY (Ground response analysis)

N133LAS1ERN1TReUANBIveITuUAY Anilun1sdnsiiludneay 1 97
(One Dimensional) f8LuUUT1889 equivalent linear model Tulusunsu DeepSoil %aga%guﬁu
frsanmunanisiarzdrseiuluuni 3 Geflanudndoud 7.0-25.0 was TaeUsvana wenaani
MsudstuRuinnsanAURaIATIEN Liquefaction  susceptibility ~ @awu SnuarvostuAuves
Mquiats BH-1 8¢ BH-11 dnlvaidutufunsie funsioutls wasiumie uareguinadiuiisy
Fafldnuaigmessalinenduluy Qa wag OFf daumvauiany BH-12 fs BH-15 iJufunse funsouds
fifldiansianay Wosneglndfuiuiidundnuuenzneudunuy Qt dwiufegienisutsn
wm{i'juﬁuLLazﬁagaﬁiﬂuﬂWiiLmiwzﬁ Ioun Apusanduiden (Shear wave velocity), wiae
dmdnuesiiv, (Unit weight) A1 Modulus reduction and damping ratio \ugiu uansluuuusiass
Tulusunsu DeepSoil ugufi 6-8 seduvestuiiuuds (bed rock) dmsumsUdosniuusudulm fos

N I ] 2 X
NﬂqﬂQWNL%?ﬂaULQauuqﬂﬂjq 760 m/s SU’U"LT.]

¥ pEEPSOIL V6.0 - X
File InputSummary Convert Units Options Help

Anelysis | Motions  Profles Step 2a - Sail Profile Definition

New Profile 07
Loyer Leyer  Thickness  Unit Weight

Open Profile # Name: {m) {ich/m"3)

Navigation - GM 1 20 200
T 01 - E3 ! voom
| ES 25 7 60
Cse® ] | ES 25 17 80
[rem— | ES 25 17 80
] 100 | ES 25 17 80
| ES 25 7 360
I o | ES 25 7 360
IS E% =l | E3 2 17 360
ST a B3 3 17 430
B 3 17 430
B 3 17 430
el B 3 17 430
B 2 17 430
B 5 17 480
B 5 17 480
2504 | ES 5 7 30
| ES 35 17 430
| ES 3 17 430
| ES 4 17 530
Soi Profle Display Soi Profle Water Table Locstion Sprasdshest Legend Conversion Tools
Total Profils Despth
o 2400 ot Poporios Topoflayer 1~ B Below Viater Table Units: Metric to English
Netural Freq.of Frofls: 0.50 Hz Add Layerts) Layer Propertes
[ o Water Table Bl e Propartics Shear | Velootyto Modulus
Notural Period of Frofile: 2.00 sec Remove Layer

Back Next

U 6-8 simagnenismnuaduiulasamauURaululusunsu Deepsoil

NAILASIZUNITADUAUDIVEITUAULEAIANDATUIINRIAUY (B,s)  WAZORSIEIUNNT
Y19RTHINIUAIING 6-4 INNANITIATITRNITNOUAUBITUAY WUINTNGANITUNITANVUIADHT
159 (De-amplification) Mgtz BH-1 §1a BH-8 dufivquiatg BH-9 fis BH-15 Inginssunisueny

YUINTNIITS  (Amplification) @1 FUNANTIUNIDVEIBIUINSATIIIAOAAADINUNYULNY

' [
aa aa v a 1

556iInen Ineivauinnenitufuszney 1y Qa wag Qff INgANITTUAITANUUIASATILIE dIungy

v
Aad o a < v v oA

eI TUAULTTORENOUNRRATUT WU Qt ANgRNTTUNITVLIBVUINSATUI
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A157197 6-4 NANTITAATIEN Ay, LAZNITVLIBVUINDATUIINUAY

BH | PGA at bedrock (g) | PGA at surface (g) | Amplification ratio | Geology type
1 0.250 0.228 0.911 Qf
2 0.250 0.228 0.913 Qx
3 0.250 0.255 1.021 Qf
il 0.598 0.287 0.480 Q,
5 0.649 0.529 0.815 Q,
6 0.483 0.323 0.669 Q,
7 0.386 0.209 0.541 Q,
8 0.303 0.287 0.947 Q,
9 0.328 0.424 1.293 Q,
10 0.481 0.482 1.002 Q,
11 0.128 0.202 1.578 Q,
12 0.596 0.603 1.012 X
13 0.503 0.527 1.048 Q:
14 0.360 0.671 1.863 Q:
15 0.398 0.475 1.193 Q:

6.4.4 NANN5ILATIZI Liquefaction Potential Index

Adnsnssifafuveuiagngaazihuldi e Cyclic Stress Ratio (CSR) e
AuN139849 Seed et al(2003) wamUsuifsudunaiiaseial CSR a1nuuusiaosduivluvileda
Fauandlusuil 6-9 naanmsilaseisensltuvudiasss a1 CSR - Alunnniinsiiasigiisae
AuMITe3 Seed et al. (2003) fisilifosanaunsves Seed et al (2003) lASMsAinsANATRs IS IRds

TRV UINTATUTIPUAARTUISINADAAUANTURY

NAN15ILASIZAT CSR U lumuiuensid@iuminulasndslusastuiunay
A1 Liquefaction Potential Index (LPI) fauandfiiae19uainanIsinseinuguiang BH-10 Tunsnei

6-5 dIUHANTIATIERVRIWAaEUANETanLakanslTlun1ARwIN A

Tun15199 6-6 1 unsagunanisiiasziien LPI uasnsivdeuauaenndediudaya
n15d1529n154A0 Liquefaction  Tuauiy nan133tA312inUdn wauLaIgnidndngiunisiia
Liquefaction # BH-4 §is BH-11 9zdinani1sias1eaian LPI agluinawt High (LPI 11nnd1 5) enviu

wau BH-8 quidendildia LPI dndnnat iesannldldidudufiunusssueid nan1sfinniudeya
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Liquefaction # BH-12 fla BH-15 wan53asnzsien LPI agluinaisi Low (LPI tfeendn 5)

INNANMTIATIINIUAANNTaaTUlRIINsEUIUMTIATIEY Liquefaction #7878
cyclic stress approach uagltnan199tAs1gu Cyclic Stress Ratio (CSR) 21AA193LATIZHNT

AOUAUDIVBITUAY TNATIADAARDILALLALNLAUNUNUNANET B LNDLUATI FIWIMLTEIINE

CSR and CRR
00 05 10 15 20 25 3.0 35 40 45 50
0

Depth (m)

10

12

14

—4— Deepsoil Seed —@—CRR

U 6-9 W3BuiiiBuA CSR 2INN133LAT129A8ENN15VRS Seed et al (2003)
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M13199 6-6 a3UNAMITIATITILATATIRERURUTaYaNT TR luaUN

BH 1981999 Liquefaction Geology |  LPI LPI
Tuguu Susceptibility (*) (**)
1 None liquefied Potentially to liquefiable Qg 0.982 0.000
2 None liquefied Potentially to liquefiable Qg 2.872 0.000
3 None liquefied Potentially to liquefiable Qf 3.793 2.625
4 liquefied Potentially to liquefiable Q, 15.710 9.307
5 liquefied Potentially to liquefiable Q, 8.984 5.307
6 liquefied Potentially to liquefiable Q, 7.520 3.943
7 liquefied Potentially to liquefiable Q, 9.156 4971
8 liquefied Potentially to liquefiable Qt 0.000 0.000
9 liquefied Potentially to liquefiable Q, 9.766 6.220
10 liquefied Potentially to liquefiable Q, 23.136 14.290
11 Liquefied Potentially to liquefiable Q, 21.933 13.089
Liquefied Potentially to liquefiable Q, 25.349 18.117
12 None liquefied None liquefiable to potentially Q: 1.286 0
13 None liquefied None liquefiable to potentially Q: 0 0
14 None liquefied None liquefiable to potentially Q: 0 0
15 None liquefied None liquefiable to potentially Qt 0 0

* AN5AUIE LPI Ineldahsadaudiufiulniainn1simsieinisnauauesuadtuny

** Ansanuled LPI Ineldansadauniuiulniainaunisussunulae Seed et al (2003)

*¥** Pl < 5.0 Low,
*** 5.0 <LPI < 15.0  High
¥ LPI> 15.0 Very high
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6.5 NAN15LA51ZH Liquefaction manifestation

NTILATIZANITIAN  Liquefaction manifestation Ao n1sasIvdeuItuAUilonanay

\@enne91n Liquefaction v3slil @slasUn@nainisiin Liquefaction 9199zlivsinganudameuu

Y B @

Aafuliiuild FuedivanimvestuiuitlivuianuiiisaneNnasdoaiunisnatunIvewsn Uiy

Y

nselavseld (Cap layer) viaauuLswwasiauAulm s e Wudu

NNTILATIZY Liquefaction manifestation 143sn159tauslag Ishihara (1985) Aduansly

SUN 6-10 TauaNlHlun15A5189 TanA 95 WSINEIAY (PGA)  AUNUIVBITURAUNAIUTOLAS

Y Y

Liquefaction (H2) AMUVILNTUAUTATUNABINS WALANMUIDTY (H1) Veanguiane BH-4 §ia BH-11

LARIAINITI 6-7

WawSeuilgunan1sitasIen (AN5199 6-7) ¥aULA1ENT 7 NQUTIANENFIUNISLAN

a

Liquefaction MiRAU wui1 anunutuaudavivldiisaneson1s@unsiduannsiin Liquefaction

'
a a =

AV ILANNTSHATDINTNEVUNNTRIAY FagenAaefunang uiia Liquefaction 7IHIAY Aauans

Mog1alugui 6-11 89 6-14 MUy

- -y

— ~N
T T
1 L

-
=)
I
1

THICKNESS OF LIQUEFIABLE SAND LAYER, H; (m)

0 L L 1 1 1 L 1 L 1

0 1 2 3 4 5 6 7 8 9 10
THICKNESS OF SURFACE LAYER, H, (m)

gﬂﬁ 6-10 NIINANFUNUSVBIN15IATIZH Liquefaction manifestation (Ishihara, 1985)
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A15199 6-7 aj‘ﬂwamﬁms’wﬁ Liguefaction manifestation

AUVLINEY | AT URY Nagguns

Borehole |Input PGA| Amax | tufiufidnunsa |Daviufidesnts|anuvunass,| Wisudieu

No. (g) () e (m) H1 (m)

Liquefaction,H2
(m)

BH-1 0.250 0.228

BH-2 0.250 0.228

BH-3 0.250 0.255

BH-4 0.598 0.287 3.0 3.0 1.0 Taitigawe

BH-5 0.649 0.529 2.0 6.0 3.0 Taitigawe

BH-6 0.483 0.323 2.0 3.0 3.0 LAY

BH-7 0.386 0.209 2.0 2.0 2.5 oUW

BH-8 0.303 0.287 - - - -

BH-9 0.328 0.424 2.0 5.0 5.0 LAY

BH-10 0.481 0.482 7.0 9.0 2.0 Taitfigane

BH-11 0.128 0.202 3.0 3.0 3.0 LAY

BH-12 0.596 0.603

BH-13 0.503 0.527

BH-14 0.360 0.671

BH-15 0.398 0.475

6-18 @ 1IRY WAIINUIFUNYASANERS
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5U7 6-12 n13iAin Liquefaction UStaukAUIIgULANE BH-6
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6.6 AFUNANTIATEN

6.6.1 AN 1TIATIZUASLAN Liquefaction #1875 Cyclic stress ratio (CSR) Liquefaction
Potential Index (LPI) wa¥ Liquefaction Manifestation mmzamﬁ%mﬁnwﬂuﬁuﬁ 9LNBLIAM
Faioiessne daunsinsaziien LPI filden Cyclic stress ratio (CSR) 91nn1534As1294 eround
response analysis Tafiaenndasiundngunisifn Liquefaction snnninIsinsevisngaunis
994 Seed et al. (2003)

6.6.2 N381U9IN15LAA Liquefaction  7N81ADUNATIY TINTALTEIT18 LAATULHDIRIN

[ 78 7
v oA

wHuAUlmnY (Aftershock) weiviall unavesuNuAnlmfeawnndl 5.0 wazaudnatwnudulnies

aglusailinnnndt 10 Alawns aganunsaiia Liquefaction l¢i

6.6.3 USLIUANUNENZIUNTLAA Liquefaction  azaguuduiiungnaului (Quaternary

deposit) wazidunznausmanagnauinn (Fluvial deposit, Qa)

6.6.4 UBNANAUNTIBNA1NTALAA Liquefaction  lawaq TunisAnewrfldanuindunudina
aziduadmanfunsnewds Gilty soil) @awnsaiiin Liquefaction lalguriy dennaavianangIuil

(3

Usngluauuiagnsisnisinge

TRy WUIINUIFUNYASANERS @ B6-21



sreuITeatuanysal

3

»

\

v

1AsIn1sAnEINISiRdaA WAL Rt nwE LAY B lugLnawla? TTnduesny 2
o
unn 7

a ' a = [ 4 . o
N13ATIERLArUISIUANUEYINEAINUIINA N30 Liquefaction

Tugnawian IIALTE9518

7.1 %EaNN1TAATIRANUNFSLAgUNUATLANTO!

N193AII8kaLUsELIUANLESABRINUSING M58l Liquefaction Tudnausian Jamda
Weasne iensdnaiduiuiidesdenasdudoyaiiudmiunisesnuuudenedsne 1wy 81A13
v A A & v v ) ¢ . . Y a ¢ = v
Uruiseu Weu Wudu lvivasnsdeainmnnisel Liquefaction #ann153AsIeMAEeS Usenaume

v

MIRIsANANLANILSIENINIRNLEARTuTINIAMANTTA! WaTNANTENIUIINMANITE! Fail

| . <
AULEYS = AUUIAELUUY X HANTENU

nTInTeAudsLi o TngUssaernlina1itnaduuseneumetunaunany wandlugui

7-1 f51wazdunsnsnalul

%4

1. nmsivuavgniselisuay lunsflvesnsfnull mgn1sallsuaAuYeen1sidiain

Liquefaction laun urunulmuazensussiumy

[

2. m':?a"wéﬁ’umammﬁmamauauawaﬁzw A15AIRUNITNOUAUDIVDITUULTUTUR DU

o w a (3 = a a ¢ A 1% a ¢ = & ado o
drfglunisimseianudes mallalunsiesey fe nsldwnugiivenisel daduunugiinddu
wansalnsuaisuauduge tneiarsanugnisaiilululdiamueiiaunsaiaduliuazaiuise

AATILILR

3. msUssdiuanugyds anugadslusdaznsdiveanisidiauisalnsegilalagnis

]
al

AATITUTNANTENUIINNITIATIZVINTRINAIEVDI81AITU TN Weu ieUseiliunnugyidey

Andulunsainisidisne Fedunsusediuanugadsliuialu anugydelutinuasanugade

Tunsweau

4. mylnzianudasdu anudeswenisagide fe anuinsnduvesngnisaiisusiy
X anutnasiduveavsnisalnevaust X anugadsainnisiidivesenns Inearuiiziuues

wansalisusuaneiuAnlniaglafasananuanisfineisesideu dnsuaiiuiiasdues

winnsaineuauezlinsuszliunngldeivyswiuteyanaia
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gadouatlomainiilaanmsiesendisiu Neilieliiinanugisssulunisidennsdinisidan

A %
dumaslalunisifouns
AT ANOANTTUMTABUAUDI . . d
R B . - e JlenzRanugaFe
AenzAimamIniisudn > LAZANH IS NIINLG > P
4. ) - IINMINLG
m):m"Lﬂ@ﬂ’nugrgLaﬂ B
- . L Anszdanuiinezfiuwes R B 4. 3
AwnzAanuaziin - AezRaNUIFDIA ANV FULFY
el . > WHANITUMIADUAWDI > . - —
VaANGMITLTU A e (Nutezidn x ANugdEy)
WazMINUAVaITZUY
VININTIAAINLTE V19IMIAAlaMaVDd VATMINAANNFULFY LT
vaamngmIniisudu manga LHWMILH auAe

1 |
T"L;.-"La

mMIyaNTu -«

e

e

hO)

: grisAnALaLIIINg (2548)

[
[

JUN 7-1 unugiivunaunisiiaseinaslssiiuaauides

7.2 MsiaTeianudedlagurunivgnisel

a ¢ A ) . . = Y
LLN‘HQQJLﬁc‘lﬂqﬁm‘s{laﬂﬂj"mlﬂﬁmﬂﬁmqﬂ quuefactlon LLﬁﬂﬂIuE‘UVI 7-2 Usenaumie

1. wgnisalsudu lown nsdesigianuiiaziluiifauduiulvg - (probability  of
earthquake magnitude) uarAINNUILTUNILIAAAIULTINRIAU (probability of peak ground

acceleration) Auuaziduresnisildsuwiasseauinladu (probability of ground water table)

2. WRNIIRBUALDY (system response) liun nsdtasizianuinaziluiasiionsiene

(probability of Liquefaction manifestation)

3. winnsalfiademanszvu laun mdeszienuiiazduiiazifanisivansvesgiusniu
(probability of shallow foundation failure) FellgUusuun1siUala 2 JUkuUy Ao End  bearing

failure Wag punching shear failure
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Probability of shallow foundation failure

Mw PGA GWT. Probability of liquefaction Annual probability of
manifestation End bearing Punching shallow foundation failure
5.8(CE) >0.600 0.00mto-1.00m Yes Yes
X0 X000 X000 X000 X0 X0
No Yes
0.500 - 0.60q XK KK X0

XK

64
XXX

0.400-0.509

55 K00 No e
KK R %K XK
5.47(STD) 0.30g-0.409 No fes
HIK 100 10K LI IO

-1.00m to -2.00m
X000

0.200-0.309

X000

-0.00m to -1.00m
X000

JUN 7-2 unugil (Event tree) Tun153iAs1eniAn1uLd893N Liquefaction

7.3 35n153As1EiauLasdu

'
1 =

Areruazdu Wudunilswesnsieszimanuidesisiinanuudadnsiu Tnadaam
nnawiuresansalluwuinavnn1sal dausivanisalisudy (Initiating event) lUaudiavgnisel

I
o w o

nsnevaueazransznulunnafuty Bnsmaanutasduiliied 3 dnvee

q

1. isgimaanuiiasidumundnana

2 Awsizrmaiaudnasdumen1sIand

3. fﬁ’mumﬂ'wmmm%L“flummmmLﬁusuaqrgv?fwuw
7.3.1 auunazsiduvasnisiiausufulyg

AuunziduiviiauiuiulmAvuInnige aansamuialaainaunisiiausing

Gutenberg wag Richter (1954) Fauandluaunisi 7-1

logn(M)=a-bM (7-1)

Tag9ian M Ao YuIAuEUAUl (Mw)

(%
wa o [

n(M)  fe euaINIsingURgEdAwTY 1/T Inend T dviie
Tt

o—

a kay b Ao AduUsEaANSAINTuetiudnwuzkEuAulluLAazUS I

Y
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TusufAnwdl Ansuuduaulninsesfeungen Nuuiawkuaulnigan (MCE)
YA 6.8 VWIALHUAUI 6.0 - 6.8 uarruiauiuAnlnInuInIgIUNTERNLUUNTUlEEBNTUAY

Aadlos (W) vun 5.46 Taanuunzdunzfawiuiubmivuneneasuliluams 7-1

=] ] & A a 1 a = '
N13199 7-1 m'mmﬂmﬂumzmrﬂu,wuﬂu‘lmwuumma6]

Earthquake magnitude Probability of earthquake occurrence
6.8 (MCE) 0.000043853
6.0-6.8 0.000139959
5.0-6.0 0.001905461
5.46 (STD) 0.002105263

a

7.3.2 anuunazsduNaziinAuLssiRIAY

Ahazduiiazinminissiiihu a dumisihsemguane Aidiunisainnisi
Probabilistic seismic hazard analysis (PSHA) dmeTusunsu Crisis 2015 dwsunsiviunsesidend]
wasluuidnw dseneude seaideunsien seadeunddu seadounids Wormunauuususiu
Suq e Suldun vuinveswiuRuln srerme dunTieTed Frennudedy arunsaadne
Seismic hazard map maqﬁuﬁé’wmaLLajanﬁ’aLLamﬂﬁmﬂgU 7-3 uagluudagnguiangaiuisam

annual probability of peak ground acceleration ﬁx‘lLLaﬂﬂugﬂ 7-4 §9 8-11

Seismic hazard map - TRF-CRISIS 2015 Ver 4.1 .4
A B R®RQAE T 4 | Int T=0.000 ~ | Exceed. prob. | 1.00E-01 | Fixed intensity 5.05E-01 Time frame Tf= 1.0 ~ City City1 -
Labell Draw options
o5 4 M Gid
[ Sources
4 cties
[] Ste effects
M AutoScale

221E03

0.000E+00

0.00E+00

1S

3U7 7-3 Seismic hazard map ¥2981L0ua17 JNINLTYIIY
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0.10000

0.01000

0.00100

0.00010

0.00001

Annual probability of exceedance intensity

CaN
c
=D

0.10000

0.01000

0.00100

0.00010

0.00001

Annual probability of exceedance intensity

g‘l.l‘ﬁ 7-5 an

0.10000
0.01000
0.00100
0.00010

0.00001

Annual probability of exceedance intensity

gﬂﬁ 7-6 an

a
=]
v

4
L]
m

BH-3

0O 01 02 03 04 05 06 07 08 09 1 11 12

PGA (g)

| 7-4 annual probability of peak ground acceleration of BH-3

BH-4

0O 01 02 03 04 05 06 07 08 05 1 11 12
PGA (g)

nual probability of peak ground acceleration of BH-4

BH-6

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20
PGA (g)

nual probability of peak ground acceleration of BH-6
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BH-7

0.1
=
7]
=
&
=
o 0.01
=
<L
s}
[F}
]
I oo01
[
(o]
=
=
om
00001
£
—
<
-
=
Z 000001

0O 01 02 03 04 05 06 07 08 09 1
PGA (G)

gﬂﬁ 7-7 annual probability of peak ground acceleration of BH-7

BH-9
0.10000
=
w
&
2 001000
o
(W)
=
<
£ 0.00100
[¥E)
(W)
=
i
&
2 0.00010
=
o
=T
£ 0.00001
% 00 01 02 03 04 05 06 07 08 09 10 11 12
=L
=) PGA (g)
=
=L

gﬂﬁ 7-8 annual probability of peak ground acceleration of BH-9

BH-10

0.10000
0.01000
0.00100
0.00010
0.00001

0.00000
0 01 02 03 04 05 06 07 08 09 1 11 1.2

PGA (g)

ANNUAL PROBABILITY OF EXCEEDANCE INTENSITY

g‘dﬁ 7-9 annual probability of peak ground acceleration of BH-10
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BH-12

0.10000
0.01000
0.00100
0.00010

0.00001
0.00 0.10 0.20 030 0.40 0.50 0.60 0.70 0.80 0.0 1.00 1.10 1.20

PGA (g)

ANNUAL PROBABILITY OF EXCEEDANCE INTENSITY

g‘dﬁ 7-10 annual probability of peak ground acceleration of BH-12

BH-15

0.10000
0.01000
0.00100
0.00010

0.00001
0.00 010 0.20 030 040 050 0.60 0.70 0.80 050 1.00 110 1.20

PGa (g)

AMNUAL PROBABILITY OF EXCEEDANCE INTENSITY

g‘lJ‘ﬁ 7-11 annual probability of peak ground acceleration of BH-15
7.3.3 anuinasduvesseauvtinlaauiivunngnge

AMuUztdureIn1sUasunUasseauinldau (115199 7-2) Aunalalagnsaann

Joyan1snnainszauiilafuainuni 4
7.3.4 aunasluiiasianinenn (Liquefaction Manifestation)

Anunanduiasifiansenn (Liquefaction Manifestation) aunsamlavindeya
nsadfiauslng Maurer et al. (2014) JUN 7-12 uwansnismainuunazdunsifiansenaway
A1 Liquefaction potential index (LPI) @un1sAiuinnnuuiazidunasiinnsianaifian s

AUARAUALLNY ANBRTUSTRIAUATA 0.2 D8 0.6 ¢ kaznsdsunlanilanu uanslugy 7-13
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A151991 7-2 AruUaziduveasnisiasunlasseauinldnu

1

1

Probability of Liquefaction Manifestation
7

Probability of ground water level
o 0-1m 1-2m >2m
1-3 0.000 0.800 0.200
il 0.857 0.000 0.143
5 0.429 0.286 0.286
6 0.286 0.714 0.000
7 0.000 0.857 0.143
9 0.000 0.000 1.000
10 0.000 0.836 0.164
11 0.000 0.571 0.429
12 0.000 0.857 0.143
13 1.000 0.000 0.000
14 0.000 0.000 1.000
15 0.000 0.000 1.000
i .
+ 1o«

o

0.8 4 i &
D
0.6 - © /
.\uggcswd

D A AA A range for

this study
<

® All Soundings (1173 CPTs)

A Soundings > 20 m (467 CPTs)

X Iwasaki et al., 1978 (55 SPTs)

©Lecetal., 2003 (72 CPTs)

DO Toprak & Holzer, 2003 (243 CPTs)

& Papathanassiou, 2008 (79 SPTs)

15 20 2

o
L)

JUN 7-12 nswlanuduiusvasanuiiaslufiaziansiena (Liquefaction manifestation)

7-8 @ 1IRY WAIINUIFUNYASANERS
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0.9
08
0.7
0.6
0.5
0.4
03
0.2
01

Probability of lyquefaction manifestation

a
]
v

4
f
m

GWL. at-1m, Mw = MCE

—&—BH-3
—e—Bh-4

BH-6
—e—EBH-7
—e—EBH-9

BH-10

0.3

0.4

PGA

0.5

——BH-12
0.6 0.7 —&&—BH-15

JUN 7-13 anuinasliuiazifiansenaiseiuindau 1 was wazwiupulnivuin 6.8 (MCE)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Probabhility of lyquefaction manifestation

GWL. at-2 m, Mw = MCE

PGA

—e—BH-3
—e—EBh-1
BH-6
—e—EBH-7
—&—BH-9
BH-10
—e—BH-12

0.6 0.7 —& —-[BH-15

JUT 7-14 anuihazliufiazsifiansenafissivinldau 2 was wazweiupulunivuin 6.8 (MCE)

3
U

U

=
N

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Probability of lyquefaction manifestation

GWL. at-3 m, Mw = MCE

—e—BH-3
—e—©Bh-1
BH-6
—e—EBH-7
—e—BHY
BH-10

03

0.4

PGA

0.5

—8— BH-12

0.6 0.7 — @& BH-15

7-15 anunazluiinzifanseyafissiuinlinu 3 wes wazwiufulnisung 6.8 (MCE)
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Probability of lyquefaction manifestation

0.1

GWL.at-1m, Mw=6.4

0.2

0.7

n >  Jpg9nsAnYINISiRaNIWALUKaIR o nNLE LAY KITUSLNoLLa17 TIRTATUeSY

—e—BH-3
—e—Bh-4
BH-6
——BH-7
—8—BH9
BH-10
—e—BH-12

—e8—BH-15
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mamanuieziuisnfanisidivesgiusnivresnisfinuiuiseosniugdesdiu
Ao N1siURLULREUNER (Punching Shear Analysis) wazmsiUAmTEAUaydeiassumvitn
(Bearing failure) nMsArwanuiaziuvesnsiianisivivesgiusiniuldds simplified first-
order second moment technique (SFOSM) (Soralump, 2002)
N13AMUINVRINTRURALUULRBUNE] (Punching Shear Analysis) wagn1sidRng 1y
Auaaduinassuiivin (Bearing failure) MNlAlABENNIS 7-3 WATANNTT 7-4 AIUAIRY LML
fudsiavAmAuulsUTiu Tun1sliesien SFOSM agmanuivzdunindfduandugui 7-25
¢ 2B+ T 7,
P (7-3)
1
d, =cN; +aN, +§7J\1Ny
(7-4)
lagfl B&L =  YWIAYEIFIUTIN
T = ANURWIYEITU cap layer
Tf o U a
= MAUDIRU
P = 1 wilnasgiusn
Run Xy Xz X3 X Performance Function, g(x) Variance Component | % of Variance
Ep| Exd Bl Exd Ex) | El61=0(Elx]. EDX,] EX].....Elx,])
o |evdon| Bl Eb Ewd | 900)=0EX] o ELEDX].... EX]) (906~ 905 )., | A8y
s |Eivon| BT RS TER | 905) =0@EX ]+, EXLEX], - HX) 2 e
a | BRI [Epdon | Bl ERD | 9EDX]EX] 050 EDGL-.. . EX,]) (90) =90 )p; | (A906)y:
____________________________________ 4. 2
s | TERI [ Exilvoe | Exa Exl | 9EDG]ED]+05, EDG]-.. . EIX]) 2 VT
6 | Ekl  Ek] |Elxdoq Elx.] 9(x.) AG(Xs) 1 Ag(%,)y2
=1 [—2—]x100
7 E[x4] E[x.] E[X3]+oys Elx.] 9(Xs,) V[s]
; ‘ |
n | Exl ERd Bl | Elxiwe | 9EXLEDCLEX]... HX]1-0%) [g(XM)—g(Xn,)]z (%)z
vt | e e e[ By | OEDGLEDGLEDG] - EXI+e)| 20 [vier M

SUM

vis1= 3y

100%

gﬂﬁ 7-25 Simplified first-order second moment technique (Soralump, 2002)
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v

4
1

ArAutaztdufiaziinnisivivesgiusinfudmsunisidiuuuidaunsg
(Punching Shear Analysis) wazA1autazidufiaziinnisidivesgiusinfiudmsunsivhmee
Augadeiasiutmin (Bearing failure) MUYWIAYDIFIUTING 1.0x1.0 1UAT, 2.0x2.0 LUAT WAy

3.0x3.0 WA LAASIURITIN 7-3 D9 A15197 7-5

A15799 7-3 Aradunsliufiasfianisidfvesgiusiniu TngmuaauinvasgIusnwky

1.0x1.0 Lung

Probability of shallow foundation failure
o Punching failure Bearing failure
3 0.8014 0.7890
a4 0.9135 0.6456
6 0.4628 0.2121
7 0.4171 0.2061
9 0.2267 0.1015
10 0.9948 0.1006
12 0.0109 0.0420
15 0.0758 0.1457

A157199 7-4 Arpdunsiliufiazsfianisidfvesgiusiniu Tnemuuavuiavasgiusinwsiu

2.0x2.0 LnS

Probability of shallow foundation failure
of Punching failure Bearing failure
3 0.3529 0.0307
a4 0.6659 0.0268
6 0.2607 0.0153
7 0.0621 0.0152
9 0.0741 0.0242
10 0.9042 0.0228
12 0.0083 0.0092
15 0.0225 0.0130
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A15197 7-5 Arpdunasiliufiaziianisivfvesgiusiniu Tnenuuavuiavasgiusinueiidy

3.0x3.0 LuAg

Probability of shallow foundation failure
o Punching failure Bearing failure
3 0.216 0.009
a4 0.547 0.009
6 0.205 0.008
7 0.024 0.008
9 0.047 0.018
10 0.813 0.016
12 0.008 0.007
15 0.014 0.007

7.4 AUz luveInisiia Liquefaction wazA21:11zuvaIn1snuRvaY

§UTINAULBIAN Liquefaction

deldnan1siinsrziniaiainuiiasduvesunazisgagazgninunsaniuuuwkuging
¢ = | I3 '3 & a ¢ .
LARNITAL FIANAIINUIILLTUTDLNANITUTINADDAVINNILAANITAL (Pathway probability) Lazaa1y

113ae1u333 (Annual probability) LLamﬂugUﬁ 7-26

U3naiinadinseianuinasdusinvedleniaiin Liquefaction gegn (nsdifnmunuune
I a [ ' 1 -6 '
wruAulmgean) liun vauang BH-7 Sranuunasidusiy 1.17x10° sl wasnquiane BH-10 Ja

Phazdusin 1.00x10 ° sied fauanslugud 7-27

U3naiinadinseianuiiasdusinvesleniaiin Liquefaction gean (nsdiivuavuIg
a Yo ' 1 -7
YDUHUAUIIAULINTFINYDL HEr.) Laln Ui BH-7 fienaunazilusin 5.68x10 dedl uas

yaaaTy BH-10 fiaraniazidusin 4.82x10 " sel fananduguil 7-28

UsnafinadnsizinuiiazidusureinisivAvesgiusiniuiiossn Liquefaction

o 1 a 1% U U ) "6 U
1an (nsdifmupvuiauruAulgen) liun vauans BH-10 fauiiasdusiu 8.0x10° sed

edm

suandluguil 7-29

hO)

UsnafinadnsizinuiiazidusueinisivAvesgiusiniuiiosn Liquefaction

a o 1 a b4 1 a0 1
EGIZ (ﬂimﬂ']‘lﬂu@sUU'W@GUENLLNU@UIVT'JGH&JN']W?@WUTE]Q UYK.) Toun UGEIME BH-10 #dA1AUUN9e
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= X ! Y aa = ° 1 )~
AINNANTITANYIU WUIN IﬂiﬂaiWQWNﬁq‘Uiqﬂmu'}@ 1.0x1.0 LN@?SUUIU&LUBWLﬂ@LLNaTJ UM

Uapndeainn1sitRiilosann Liquefaction iosainamanuiiazsidusiusielussmisiinnisidives

& A . . a ' -6
FIUIINAULUBDIAN Liquefaction UAITE1NINN 10

= -8 = i ¢l o A A Y]
04 10 %QBQIULﬂm%VIﬂaa@ﬂﬁLNaLV]EJ‘Uﬂ‘U

Acceptable risk fivawelag Whitman (1984) Mgﬂﬁ 7-31

HAgATINE A11750a3uNUEBeAEaInTenTaLAn Liquefaction waznsivivesgiusiniy

\8931n Liquefaction fanansluguin 7-32 s 7-33 audsiu

Mw

PGA

GWT.

Liquefaction probability of surface manifestation

Punching probability of shallow foundation

pathway probability

6.8(MCE) >0.60g -0.00m to -1.00m Yes
0.000 044 0.000 035 0.000 0.999987139 0.00E+00
No Yes
1.2861E-05 0.24138161 0.00E+00
No
[0.75861839 0.00E+00
-1.00m to -2.00m Yes
0.836 0.999609321 1.28E-09
No Yes
0.000390679 0.24138161 1.21E-13
No
0.75861839 3.80E-13
>2.00m Yes
0.164 0.999601563 2.52E-10
No Yes
0.000398437 0.24138161 2.43E-14
No
0.75861839 7.62E-14
0.50g - 0.60g -0.00 to -1.00
0.000 060 [0-000 0.00E+00

SUN
Y

Yes
0.999987139
'
'

7-16 @ 1IRY WAIINUIFUNYASANERS

Annual probability of liquefaction
Probability of liquefaction based on MCE

Probability of liquefaction based on STD

5.14E-06

5.37E-08

2.58E-06
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Annual Probability of Liquefaction

manifestation
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1.00E-07
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1.00E-09

1.00E-10

Location
BH-7 BH-9 BH-10 BH-12 BH-15
msaseor | FO7E% mgg6e07 & 1.00E-06 I
H 4.52E07
© 4.52€-09 H 4.52E-09

gﬂﬁ 8-27 Annual probability of Liquefaction manifestation msﬁuﬁuﬁuﬁmg%ﬁ

ANNUAL PROBARILITY OF LIQUEFACTION

MANIFESTATION

Annual probability of liquefaction manifestation

1.0E+00
1.0E-01
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1.0E-07
1.0E-08
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2.27E-07

;i‘l.l‘ﬁ 7-28 Annual probability of Liquefaction manifestation
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Location
BH-3 BH-4 BH-6 BH-7 BH-9 BH-10 BH-12 BH-15
1J ‘J 1J il |
1.00E-06 1
1.00E-07 = 1X1m
b2X2m
13X3m

1.00E-08

1.00E-09

Annual Probability of Shallow Foundation
Failure

1.00E-10

{ ofe a wa & I a
5U#1 7-29 Annual probability vasnsidivasgiusinay nsaludufulnlgegn

Annual probability of shallow foundation failure
BH-3 BH-4 BH-6 BH-7 BH-9 BH-10 BH-12 BH-15

1.0E+00
1.0E-01
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1.0E-03
O1X1m

1.0E-04
1.0E-05
1.0E-06
1.0E-07
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ANNUAL PROBARILITY OF SHALLOW
FOUNDATION FAILURE

1.0E-10

35U 7-30 Annual probability ¥8en15HUATaIFIUTINAY
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"FAILURE"

10-2
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T I I

MERCHANT  SHIPPING

MOBILE DRILL
RIGS

"ACCEPTED" |

FIXED DRILL RIGS

i

o

=]

s
i 2
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g‘l.l‘ﬁ 7-31 A acceptable risk and consequences of failure (Whitman,1984)
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7.5.1 Ulnaninadinsizianuiasdusiuvesloniaiin Liquefaction dsgn (nsdiinvun
1 a 2 1 = D ! ’6 1 =
uakHuAUlnIgegn) laun vauate BH-7 fidiannuuiasilusin 1.17x10° el uasnauaiy

BH-10 fiAautazidusin 1.00x10° sed

7.5.2 USnaniinadinszinnuiasdusiuvesloniaiin Liquefaction dsgn (nsdiivun
1 a ¥ 1 a0 1 ’7 1 =
WIATBIHUALLIANLIATEINYeY wek.) Taun vamany BH-7 Br1anuinvsdusiy 5.68x10 " ded

' ' T
LaE1aNLIY BH-10 fifnanuninazlusin 4.82x10 el

7.5.3 Usaninadnsiziaiuuiszilusinvesnisiivivesgiusinfuiiosnin
Liquefaction gsdn (nsdifnunvuiausuauligegn) ldun vauaiy BH-10 Tranuunazilusy
'6 1
8.0x10 " #ad

7.5.4 vSaninadnsizianuuisziiusinvesnisiivivesgiusinfuiiosnin

Liquefaction gga (NSAAMUATLIAYR MK UANLININLINTFIUYRS Nk takd quiaty BH-10 &
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ABN5LAA Liquefaction annwHuALlng

8.1 UNU

[ 1 1 o = U [ = I~ [ n:l'd I3 a A‘al'a' 1
Tnsetu dunaidies Jandadessie Wuianiinnuatsny Wununmsfadnddng was
Wuurasieanefddyuimrilsvesdwmindessy auslleonuuunaznoasislngoansdiaaude
lagaiiwad Awwddn.a. 2540 audalaglu lnsldgrusnausulassasiegluan annmgnisal
1 a -:4' [y} nl' Y Y = Yo o 1 1 < 1 gj )
wiuRulmdieiun 5 wawnieu wa. 2557 laadeanudeneliiuinsesuilusgiwnn Manis
gluaniiyuneinizean nsziUewian saansesin AMmileuideny Awuandlugui 8-1 Tngusvasd
vaauni wednwlenialunisiin Liquefaction luushadngesgu wagdnsiengiusinuazlasaasng

va3insaunelianiiznisiaupufulmwag Liquefaction

NIWAINNRNAUSH DANRNTH

=

JUN 8-1 annudemeilasainudufulnninsasgu

Y

(§uAuann sanook.com wag kapook.com, 2557)

8.2 YUABUNITANE

TUABUNITANYILAENITIATIENAUTUAIVRIRLUANYRITATRIYUABNISLAR  Liquefaction

nuHuALl aunsokandtuguil 8-2 dmsutuneulumslnseiineavidunlowy fail
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Soil
Investigation

Soil Profile

5
Liquefaction
Susceptibility

(Tsuchida, 1970)

Liquefaction Potential
Cyclic Stress Method
(Seed & Idriss, 1971)

Liquefaction
Potential Index
(lwasaki et al., 1978)

Ground Damage
(Ishihara, 1985)

v

5th May, 2014
M=6.3

v
Earthquake
o

| Seismic Hazard
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fan1siin Liquefaction a1nuaunulng

d157aNun uazaeanuulaTsaiveluaninsesulagnisly Drone wazndulums

\Auseg1eiulagldis Wash boring wawyin Standard penetration test

3. UIAI9819AUNINNITNAEDU Sieve analysis Lag Atterberg's limits

4. vveyanisiiauiuiulng wssduasiieundanfausiiuinsesu

2 JasenisAnEINISARFNIWAULKAIA Do nLEUFAL KT USLNoLUa? TWRIATYeSIY

Column P-M-M
Interaction Ratios
(ACI 318-08)

NNANI50L

a v v IS o A <X ada 6 1 a a o !
wHuAWlTn T Teasne Tun 5 NHYAAN W.A.2557  SAUD9I0 AT IEALAUALLIILTINNUAAN

(Deterministic Earthquake Analysis) maaaaaﬁauﬁiné’ﬁqﬂ IngfiansanAugtRen 475 U, 2,475 U

waz 3,000 U uazIouInIgIu Her. 1302

5. Auandlen1anisiia Liquefaction wazAuldsnieNiamu Ingussidiuaindnuuznig

NENINUBIAY 35 Cyclic Stress (Seed wa Idriss, 1971) way LPI LazIATIANGANTIUADUAUDILTS

NAFNANTVDIAU

6. ATILNFINIIN LAENIAT Bearing capacity wag Punching shear analysis 3R89

Tassasauulusunsy ETABS Tunsaiifauauiulm uazlunsdlifouazliife Liquefaction
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8.3 NanN15AUUIU

8.3.1 NAN159LA1Z9ANDUL IV ITURUABNISIAA Liquefaction

NNaNIIAdUAUNLIANMENRITUSAIRsEIYY (MANwIN N) ausaaulaeal

3

»

\

v

[

BH-1: 103939 nutuAunTIefNaIusaiina liquefaction faws 6.0 wns aslud 14.0

was dazfunseudiuazfuuileonanunsaie liquefaction NMuan 5.0 83 6.0 AT

BH-2: 103939 nutuAunsIefatusaiia liquefaction fiaus 5.0 lns aslufis 14.0

WA wazAunsendalazfumieinaiunsaiia liquefaction #AuaN 0.0 89 2.0 LIAT

BH-3: 103039 nutuAunTIefNaIusaiia liquefaction fiws 4.0 luns aslufis 13.0

Wag wazAunsendalazfumieinaiunsaiia liquefaction #Auan 0.0 84 4.0 LIRS

N15U5LAU1N Grain Size Distribution Curve (Tsuchida, 1970) NUINYUINAREVDI

Aunseyndegsluynuauanziiloniain Liquefaction siausidniosfiannn waga1nnisiarsan

AN URANIINIEANRATVIIMINTTUVIRUNTAT (N)g <30 wazfieosidudidnaziden < 35%

wusegAundlenain Liquefaction A9915199 8-1 §4 8-3 MILERU

A15197 8-1 wan1susziliulanianisiin Liquefaction fagdnuaiznian1enIn (BH-1)

Sample | Depth, m USCS Percent Liquefaction
BH Soil Description (Npgo
No. From | To | Group Finer Susceptibility
NIeazdn Walan
1 SS-7 7.00 | 7.45 SM o 28.92 29.5 Liquefy
MR
1 SS-8 | 800 | 845 | SM NILALLDEN 2347 | 319 Liquefy
NIBALLDEN
1| S59 | 900 | 945 | SM | __ L 1428 | 411 Liquefy
UAW/NTIUY LALUAYL
Aunsedamdey I
1 SS-10 10.00 | 10.45 SM - 13.14 18.3 Liquefy
NINLATAUUY

1Ry WA INUIFUNYATFAERS @ 8-3
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A15199 8-2 wan15Usziliulanianisiin Liquefaction A288n¥AIENINIEATN (BH-2)

Sample | Depth, m Uscs Percent Liquefaction
BH Soil Description (N0
No. From | To | Group Finer Susceptibility
2 SS-6 | 6.00 | 6.45 SM AuNTIBUUAUIATLEY? 3591 | 13.8 Liquefy
2| SS7 | 700 | 745 | SM | fuvsievieu dewden | 2168 | 14.2 Liquefy
2| sS9 | 900 | 945 | SM | funsieveru dawden | 2265 | 288 Liquefy
Aunsne Wnagviden 1
2 SS-14 | 14.00 | 14.45 SM Y 20.99 34.3 Liquefy
AFIAUUUN

A15197 8-3 wan1susziiiulanianisiin Liquefaction ArednuwaznIen1gnIn (BH-3)

Sample | Depth, m USCs Percent Liquefaction
BH Soil Description (Nygo
No. From | To | Group Finer Susceptibility
Aunsrwaziden Lin
3| SS5 | 500 | 545 | SM P 4017 | 73 Liquefy
WABNUURUMLEN
Aunsiwaziden win
3 SS-6 6.00 | 6.45 SM 4 18.05 26.8 Liquefy
WARE
3| ss7 | 700 | 7.45 | Sm Aunse Winumde 1203 | 33.1 Liquefy
3 SS-8 8.00 | 8.45 SM AUNTILALLDYN 23.80 36.5 Liquefy
Aunsne Wevienu Yu
3 SS-10 | 10.00 | 10.45 SM 15.22 40.9 Liquefy
3730

8.3.2 dwnASuNanaUaUaILas Time History Acceleration @1%5UN153LASIZH

Taseadredindasyu
(1) wan1salurufnlndmdaliosny Tuil 5 waen1AN W.A.2557 YuIA 6.3

21NF18UNIAALHUANINIUTIUTINIATI318 TUN 5 Wo¥AIAN W.A.2557

Tngdinilseiuruiuln nsugallenineg) Indnsusegegavesiufuld 0.069g Naanll PAYA 819

<3 - 12y [ [ ' G4 1oa al
WUUNBIUN IIANELEN MNQWﬂQWQUSﬂaNLLNMWﬁLW} 47.8 ﬂIaLllﬁ]i

neAudnatsiiuRnlmugaTasesunazaniil PAYA lHend1uinn1Tanou
ANUTULTHUAUInlagdtues Sadish  (1997)  Fednvesyuriaaingagudnatsusudulng
11 Alawns Aeguil 8-3 awladnsssgegaindu 0.277g  AegU7 8-4 uasllaiunasunanauauss

(Response spectral acceleration) Uag Time history acceleration fe3U#l 8-5 UWag 8-6 AuaWU

8-4 @ 1IRY WAIINUIFUNYASANERS
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500000 550000 600000 650000 700000 750000
8 8
g, X LS
8§ . % v N uwuﬁuaa»asxUzw’umnqagudnmmﬁuﬁu‘lm g
11M57d9u 1:1,000,000 \ pettRentel
3 @ yrudnamaiuiuln e 6.3 MunesiEnnes
%_ A aseagu _%
8 N @ amilaneiawiudulm i) &
—— whhaendn
[ vouswmdmda
11 Alawns
o *
47.8 Alawns
g =
500000 550000 600000 - 650000 700000 750000
= =] S A '1
E‘U‘VI 8-3 LLN‘L!‘VILLﬁﬂQ'ﬁﬂﬂ%Vl'NQ']ﬂQﬂﬂuﬂﬂa'NLLN‘lJﬂu AP
L a e o od
ﬂ'ﬁaﬂ'i’lau%"l'ﬁ']lliutﬁﬂ?]BQLLNH@U‘LW’DtWﬂﬂqﬁthB?UW 5 wawn1AU W.A.2557
syggnIRIanIINIAanLiiausuAuln wne M=6.3
1
0.1 A\
C) @
c
S
®
g oo N
[«}]
]
Q
<
e
c
3 0.001
o
—
U]
~
]
g Sadigh et al. (1997)
0.0001 —
O PAYA Station, Mae Peum Reservolr, Payao; Dist.=47.8 km; PGA=0.069¢
A Wat Rong Khun, Chiang Rai; Dist.=11.0 km; PGA=0.277g
0.00001 | |
1 10 100 1000

Source to site distance (km.)

JUN 8-4 MsannauANNTULIvaUAUINILaTUN 5 wawaAN W.A. 2557
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4

=3

awnasunanausuaANTaluLEUALlNg 5 woun1AN W.A.2557

M389YU 2.1¥89518 M = 6.3, PGA = 0.2777¢g

0.8
0.6

0.4

Spectral Acceleration (g)

0.2

0.01 0.1 1 10

Period (sec)

JUN 8-5 aulnasunanaudusaviansalwiudulvn 5 wosnau w.e. 2557

Time History Acceleration wan1sailusu@uln 5 waeniau w.A.2557
IN399YU J9UIALTBI5I9 M = 6.3, PGA = 0.277g

Acceleration (g)

0 10 20 30 40 50 60

Time (seg)

;nJ‘T/'i 8-6 Time History Acceleration wnnsaluiudulug 5 waun1Ax w.A. 2557
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Sa (g)

0.7

04

0.1

(2) 35 1K.1302 NINTFIUNTDRNUUUBIASAIUNSTUEALITIDUVBIURUAL LW

TavosumiegNginailiendissse Jawmindessny

ANULIINDUAUDI Ss = 0.798 ¢
s1 = 0232 g
fUsyavs U Fa = 1.2
Fv = 2.0

ATUIIAIULIIN D UAUDIAINTUNITO0NLUY

SMS = Fa.Ss = 0.958 ¢
SM1 = Fv.S1 = 0.464 ¢
stwasﬁ’ju
DS = (2/3)SMS = 0.638 ¢
D1 = (2/3)SM1 = 0.309 ¢

deanlditidamamansuazan SD1 188031 SDS
To = 0.2SD1/SDS = 0.097 3w
Ts = SD1/SDS 0.485 319

lianasunauausHuAulmaNTs teK. 1302 AIgUN 8-7

AwnATurARBUALDY INTaIYU A.1TBeTe
Soil Class D - 55=0.798, 51=0.232

0.5 1 1.5 2 25 3

Period (sec)

5UN 8-7 dilnafunanaudues 35 w1302 InTeeYu 21884518
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(3) BIATINUAUINTINMUAAT (Deterministic Earthquake Analysis)

.:4' = N o o = i = a o
LLN‘U‘VWE]EJLa@u@JWﬁﬂﬂiBLwﬂl‘mﬁJ (ﬂiN‘VIiWEJ']ﬂiﬁim, 2555) ismﬁamaaumwaﬂ

=

ionvdananainsesunesosifoutaswiany nqusesidaunsie agveaninussunn 6.8 Alawns

v

=i = .:4' Ja v a Y = = Y = 1% ' ° d
AIUN 8-8 Faseeideutliinisneinlukunfian Tuesni@eaumile-nzunnidesls naiugneiiles
gNouIA1 uardnouwlaTIBTemInTeee daunisauRginisiinunuAuln (Return Period)

3,000 ¥ annsainukuAulmAuIuksIaIaaun 6.80 (NsunNsWensssal, 2552)

ASATITIVUALNUAULNYITREI AR ULNANT d1unsaUseiiulAanAnuduRusS

=

984 Gutenberg-Richter aflfuUsiietas Ao vwInvariuAulmIkarIILIUUANITAILHLALLN
A a f-g a a a d’lj f-ﬂ' :’/ a 1a Qll a a LY ! 1 [

MAnvuastlusAnUsuuiug IngUssdiuvwauwiuiulmnansafaluuiininiesu damis
184  uAazAINEnIINTIEeEn wazalnadunanauauesdmiuniseanuuy (Design Spectral

Acceleration) Tng3394 Sadigh (1997) uanafaguil 8-9

oo !
’NVI’WI&'BU\’IVIN

G s
RO GRRITRT]

5UN 8-8 urunnytnusesiaauninaswiariu Jmineese

U

WERITEEENNNRININTIYUDITRELARUN INATIgR
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Design Spectral Acceleration
X odo
NUNINTDIYU

fiansanszegmidlndanainndusesiionuian 6.80 Alawns

- = 8. 1302 (2% Propability of Exceedance in 50 yrs)

= Sadigh (1997) (10% Propability of Exceedance in 50 yrs,

Sa ()

Return Period=475 yrs, M=5.91)

= Sadigh (1997) (2% Propability of Exceedance in 50 yrs,

01 Return Period=2475 yrs, M=6.71)

Sadigh (1997) (MCE, Retumn Period=3000 yrs, M=6.8)

0.01

0.01 0.1 . 1 10
Period (sec.)

5UN 8-9 dlnaiunanauaueIdIniuN1TaNIUY T899 2188998

M15199 8-4 nsUszliuAuaNURTaLIRUgREKIaTY NHUTR AU F5LATIHUAUlNT

n1uAA1 (Deterministic Earthquake Analysis)

o | UM DNTNIIEHER
o W ad o ﬂquq‘um 1 a 49’ a 1'% a
A0V | ASN15AIUIN y wHuAUlYY | voINuAY | 9199937n
31 (U) y
(Mw) 598La9U(g)
1 AIUTULTIVOY 3
o e - AUBURTILAZVUIA
weuAulmNlan g !
, ars 5.91 0.277 e Y .2
: : luAul 91999910
2% Nagdlangeninly uniufiul 819849
ASUNSNYINTSTE
AULIaN 50 U
(2552)
AUTULTIVOY .
. L - A1 b parameter
weuAulmNlanna
2 R , 2475 6.71 0.441 YDIANNTT
10% MagiiArganinly .
. Gutenberg-Richter
AULIa1 50 U v A o
9199939710 NSUTUD9NY
AU IGEAR T LALUTIINEIEIT0
3 3000 6.80 0.452 Y
whiuRAul? e (2552)
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1%
wa o

\desmnuuawsuiulmuazanndunane vaussdmiunisesnuuuiinug iien
2,475 Uway 3,000 U dvunabnatAganuunn ﬁqLﬁafﬁmswﬁﬁuaﬁﬁﬁLawwsﬁﬂﬁuqﬁQ%W 475 Uuay
3,000 T wihthu antudududeyaaiunefunanevauadlutisnugiisdindnuugudeyasoulay
PEER uagyinn153As1eingAnsssunauauadanarans (Site dynamic response) Ingldnaiaudi
vyosiusade 8.3.1 lulusunsu DEEPSOIL WioUfumasnsnisigegn awnmiunaneuaues Lay Time

History Acceleration UStIadinTaagu Aeguyl 8-10 flagui 8-13

Spectral Acceleration Tn329%u 2188318
M= 591, R =475 yrs, PGA = 0.208¢

T
- 08
ie]
jc
L 06 N —Ground Sa (DEEPSOIL)
: D ”\
)
< 04 f\/ ; —5a (PEER)
© 2
%‘_ . —” \/’\ Design Spectrum (Sadigh, 1997)
w0 \

0 ~——

0.01 0.1 1 10

Period (sec)

b4
wa o

5U# 8-10 slUnaSunanauauas In3a9Yu A.1889518 AUgURei 475 U, M = 5.91

Time History Acceleration n3299u 2.1%84378

M= 591, R =475 yrs, PGA = 0.208¢
0.3

0.2

0.1

Acceleration (g)
O

-0.2

-0.3

0.4

30
Time (sec)

5Ufl 8-11 Time History Acceleration 303893y 9.1384518 AugdaTi 475 U, M = 5.91
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Spectral Acceleration In389%U .4T89318

M = 6.8, R = 3000 yrs, PGA = 0.337g

15

c)
.% /\ ——Ground Sa (DEEPSOIL)
= 1
L
T i ——Sa (PEER)
&
I 05 _/_/ Design Spectrum (Sadigh, 1997)
. ™
v Va
o
0.01 0.1 Period (sec) 1 10

4
a o

5UT 8-12 Spectral Acceleration asastju 3.1889518 A1UgTRAT" 3,000 U, M = 6.80

Time History Acceleration Insa49u 2.1%84518
M = 6.8, R = 3000 yrs, PGA = 0.337¢g

o

Acceleration (g)

0 10 20 30 40 50 60
Time (sec)

v
v o

gﬂﬁ 8-13 Time History Acceleration 9038991 2.4¥84378 ATUUATYI 3,000 U, M = 6.80

asuasiUSeuiisvruauiuulmdmiumsiieseilasaieluaans 4 nsdl A

P151991 8-5 LLaxgﬂﬁ 8-14

Spectral Acceleration a3844u
12

1
—UEH.1302

0.8 ’\
/:/ ——R=475yrs, M=5.91
. /Jx/ —
. 44 \
| ——
7
0.2 f\\\ 6.3M

paR.

0 ——

R=3000yrs, M=6.8

Spectral Acceleration (g)

0.01 0.1 1 10

Period (sec)

Ul 8-14 awnasunanauauasdmsunIsanszilaseainegluaaindastu
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M15197 8-5 agun1sussliunuanURusuaulnivassesaaumiaIdInTuN1TIATIzAlATEE

alugn
AU YUA ..
o o aa o wa 9 1a E]G]i%i\?@\i?!ﬂ Y a
a1nu A5N15ATUIN guAg | wiuAulug ¥ 91499910
VDINUAU (g)
@) (Mw)
WA SaduNLAL LN N .
o NIUNTNYINTTIA
1. AUN 5 NOBAIAN W.A. N/A 6.3 0.277
(2558)
2557
2. UBN.1302 1UIMIFIUNITOONLUUDIANIAIUN T UasITIDUTDIuNUAUM
AIUTURSIVDY
uruRulnnilona nsulys1sNITHaTY
2.1 L 475 N/A N/A .
2% NazdiAgenily ilea (2552)
ATULA1 50 U
3, MTATIEAUAUAULITIMUUAAT (Deterministic Earthquake Analysis)
PSS - AU URTILAZIUIN
ey lmiTona uHuAulm 91989310
3.1 . 475 591 0.208 2, =
2% Magdenaaninly AIUVINENITIN
AULIAN 50 U (2552)
- A1 b parameter
YDIAUNT
Gutenberg-Richter
AINUTULIIENEGNUDY 91989970 nsudeaniu
3.2 D 3000 6.80 0.337
weiuAln LAZUTINIABITEUNY
(2552)
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8.3.3 wan1sUsziiiulon1ansiia Liquefaction Triggering
(1) wgmsalwsiufulvadmiadesse Juil 5 wauaiax w.A. 2557 vun 6.3

M19197 8-6 wan1sUsEiulan1aNIsAR Liquefaction winn1salwiuaulniiindui 5 wasniay

W.A. 2557 1aed5 Cyclic Stress (Seed wag Idriss, 1971) uaz Liquefaction Potential Index

m

Sample Depth (m.)
BH (N1)60 CSR CRR FS LPI
No. From To

1 10 10 10.5 11 0.295 0.200 0.68 1.57
6 6 6.5 8.5 0.301 0.214 0.71

2 4.02
7 7 7.5 8.7 0.298 0.204 0.68

3 5 5 55 4.5 0.311 0.173 0.55 3.29

Welisuan LPI Aulenanisiia Liquefaction 1ag lwasaki tazang (1982) Tu
~ P I a a Y \a . . v ¢ 1 a A o oA
13797 8-1 e 8-3 NuUNAUUTINIATEUAR Liquefaction Weran TutwsnisaludufulndoTun

5 WaBAIAN W.A. 2557

14
a0

(2) wiuAulnIAMNTULIEIFATUIN 6.8 A1UgURT 3,000 U

M13199 8-7 wan1susiulan1anisifia Liquefaction Nvwaunufulnigegn 6.8 lagds Cyclic

Stress (Seed wag Idriss, 1971) wag Liquefaction Potential Index

Depth (m.)
BH Sample No. (N1)60 CSR CRR FS LPI
From To
7 7 7.5 18.3 0.387 0.334 0.86
1 8 8 8.5 19.6 0.384 0.353 0.92 3.94
10 10 10.5 11 0.374 0.176 0.47
6 6 6.5 8.5 0.373 0.187 0.50
7 7 7.5 8.7 0.372 0.179 0.48
2 7.92
9 9 9.5 17.5 0.365 0.292 0.80
14 14 14.5 20 0.333 0.322 0.97
5 5 5.5 4.5 0.385 0.151 0.39
3 6 6 6.5 16.8 0.386 0.281 0.73 7.58
7 7 7.5 20.6 0.384 0.310 0.81

TRy WUIINUIFUNYASANERS @ 8-13
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M19199 8-8 wan1sUsiiulan1ansifia Liquefaction MvuaukuAulngegn 6.8 Aded CSR

2nUsunsu DEEPSOIL wag Liquefaction Potential Index

CSR Delta
BH | Depth CRR FS wi LPI
(DEEPSOIL) H (m)

7.25 0.575 0.334 0.58 0.50 6.38
7.75 0.574 0.334 0.58 0.50 6.13
8.25 0.573 0.353 0.62 0.50 5.88
8.75 0.565 0.353 0.63 0.50 5.63

1 8.61
9.25 0.565 0.487 0.86 0.50 5.38
9.75 0.548 0.487 0.89 0.50 5.13
10.25 0.532 0.176 0.33 0.50 4.88
10.75 0.514 0.176 0.34 0.50 4.63
6.25 0.573 0.187 0.33 0.50 6.88
6.75 0.574 0.187 0.33 0.50 6.63
7.25 0.575 0.179 0.31 0.50 6.38
7.75 0.574 0.179 0.31 0.50 6.13
8.25 0.573 0.179 0.31 0.50 5.88

2 15.85
8.75 0.565 0.179 0.32 0.50 5.63
9.25 0.565 0.292 0.52 0.50 5.38
9.75 0.548 0.292 0.53 0.50 5.13
14.25 0.411 0.322 0.78 0.50 2.88
14.75 0.400 0.322 0.81 0.50 2.63
5.25 0.585 0.151 0.26 0.50 7.38
5.75 0.583 0.151 0.26 0.50 7.13
6.25 0.573 0.281 0.49 0.50 6.88
6.75 0.574 0.281 0.49 0.50 6.63
7.25 0.575 0.310 0.54 0.50 6.38

3 13.26
7.75 0.574 0.310 0.54 0.50 6.13
8.25 0.573 0.460 0.80 0.50 5.88
8.75 0.565 0.460 0.82 0.50 5.63
10.25 0.532 0.472 0.89 0.50 4.88
10.75 0.514 0.472 0.92 0.50 4.63

8-14 @ 1IRY WAIINUIFUNYASANERS
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31nA1 LPI Nvuiawiudulvnigegn 68 wudiduAuusiiasesguileniaiin
Liquefaction @4 #AuaN 5-10 Lung (wasaki wazAmy, 1982) Tuvsaedds laeiUSeuliieudn CSR

wag LPI NlaRagu 8-15 uag 8-16 anuldniy

Cyclic Stress Ratio

0.000 0.200 0.400 0.600 0.800

E
= 10
=
o
8
12
14
16 —— CSR (Seed et al,1971) BH-1
—@— CSR (Seed et al, 1971) BH-2
18 —o—CSR (seed et al, 1971) BH-3
—e— CSR (DEEPSOIL)
20

Ul 8-15 nswllUSsuiiisudn CSR fildanISuas Seed uag Idriss (1971)

LAZAINNITAATIZHNANTTUABUFUBUTINAAENS
LPI Comparison between
Seed's Method and Dynamic Response

1585

13.16

7.58 I
BH-3

W LFI(Seed et al, 1971) 354 792 758

861
T892

LPI

I

0

BR-2

W LFI (DEEFSOIL) 8.61 1585 13.16

Uil 8-16 nslFeuiiisudn LPI fildaina1nisuas Seed wag Idriss (1971)

LAZAINNITAATIZRNANTTUABUFUBUTINAAEAS
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8.3.4 Han15UssIuANNLIEIWI8NHRIAULLB91N Liquefaction

31NNTIMNUNAIUNUITBITUANN Non-liquefied  ¥Bd Ishihara  (1985)  #u31

1 a A o oo PN = Ao a4 9
wiansaluruAulmiioTuin 5 wauatau wea. 2557 wuin 63 LiinAnudemeniiaugansaiy
WMANSINAATUIZY wiAzinANEsENRIALUTMIRT saullalasuksnszyianuiufulng

49EA WM 6.8 ANSNTNIIGIGATDIAU 0.4-0.5 g AU 8-17

i | | 5 l T T T T
12 |} ki

11|} i
T 10| _
= olk
[ &
§ ° : Max.acc. -l

e B . & 200 L :..';"

4 X 0.2¢9) .

E 6 ég : M(ox.:cc. {' . i
% L8 #300gal i/
2 .§ . (0.3¢9) \':7 Max. acc.& ".-!
3 ° SE = N/ 400-500gal -
4 %3 i3/ (0.4-05q):
- 1 - ey 4 M:= 678 (DEEPSOIl)
© -d o ve _.:.:.-V |'
g 3 . ', ¢ :
% 2F ! M=63 N
-

1 B —

L 1
0

6 7 8 9 10
Thickness of surface layer . Hi (m)

5U# 8-17 wan1suszliuanudenieiianuiliasan Liquefaction
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TassnsAnwnisfinanwiumasadosainuiuiulurlusnoudans Sodadussy 202
8.3.5 M3Alaneiusiinsyisalasiaisaluan
(1) ToANUANITIATIEAUAZODNLUY
Wi minAun3A = 2,400 kg/m’
Masvesdan (wuumauanu nsulesidnsuaziailos, 2548)
- Wantades SD 30 fy = 3000 ksc
- wdnnaw SR 24 fy = 2,400 ksc
- ABUNIA fc’ = 200 ksc
thwiinussynifisnia (Super Dead Load)
- Munssougluan = 330 kg/m2
- nlanoBgLAuuLEL = 360 k¢/m2
- wifanodgAiausHy = 180 kg¢/m2
- dhadnannuseRunnssunnuse i
thwiinusInnas (Live Load)
- i = 100 ke/m2
(2) MIAIMLILdeuTis AT (V) T8 18K.1302
INFUNT V = CsW (8.2)
)
CS = Sa\R (8.3)

AUMTAUNUgINYedlasIaigluan AuwIaInlusinsy ETABS

0.363 U7

0.307 U

T gluaawdn

T gluanses

< (% ' '

911 WeK.1302 ea1siunyuydluiunnileg 1anndn 300 Aw Usean

AudAL 11l (W1n)

| = 1.25
10 UYN.1302 L?jE]ﬁ"] SDS = 0.50 panuuuwiuALlrudulssan
SD1 > 0.20 panuuuwiuAulrudulssian

R A 1a L <
G’Iﬂuum@ﬂ‘ﬂigLﬂVlﬂ’]i@E)ﬂLLUULLNU@UIﬂ’J | "UﬂL‘LJ‘L!‘U?%LﬂVI?ULLN

TRy WUIINUIFUNYASANERS @ 8-17
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a a a Y v A )~ a .
NNITNN 10 La@ﬂ%u@ﬂﬂﬁﬂﬁﬁqﬁi%‘U‘UIﬂﬁQ@']ﬂ'ﬁ WUILRDULLUULAUEINLAY (Speoat

RC Shear Wall) aglarsiuszneuusunanauauss (Response Modification Factor, R) = 6 2

UsznauAas @iy (System Overstrength Factor, Q0) = 2.5 uagz fusznouv18AINITIANAY

(Deflection Amplification Factor, Cd) = 5 wazalnA3uRoUALDIIS Ne.1302 94l Sa faguil 8-18

0.7

0.6

05

04

Sa (g)

03

0.2

0.1

0.0

Design Response Spectrum Wat Rong Khun, Chiang Rai
Soil Class D - Ss=0.798, S1=0.232

\ ——— Design Spectrum

e T = 0.363 52 (qluanmiin)
\ T = 0.307 sec (gluansad)
~

05 1 15 2 25 3

Period (sec)

5UT 8-18 alUnnFuNanNaUAURIINTRYY 21389518 BURUATUNITAUNUFIUYRsQlUHD

ERN

aglanAaUnaSueanluy S, = Sps = 0.638¢

FuUsranSnanauauaawaEumulm

c, =5, (%) =0638(*2) = 0.1335 > 0.01g

Lmﬁauﬁgmmmi V=CW =0.133W (13.3% vasimine1ns)

nsnszateusaaufulnluLLlfg (F) wazaisnszatsusadeuluuulsiu

N13NIZABUTIUNUAUL Fy = CV
C _ wxhg’{:
VX - Eflz. w-lh-lE
nmsnszaeusdeulunngy Vo = A F

2lolsenseyinluluITIUYeQluAnMANAINTIN 8-9 uazm1319W 8-10 dwsugluan

8-18 @ 1IRY WAIINUIFUNYASANERS
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M19199N 8-9 ﬂ']ﬁﬂ'lu’JﬂJLLis‘iﬂizw']ﬂ"lu?J']\‘l?Ja\‘lQIUﬁﬂWﬁﬂIﬂﬂ?ﬁLLiﬁﬁﬂﬂﬂL‘VIEJULVI']

Story Wx (kg) hx (m.) Wx(hx/\k) Cvx Fx (kg) V (ke)
10 923.19 16.55 15278.79 0.01 354.22 354.22
9 4630.07 15.55 71997.59 0.02 1669.16 | 2023.38
8 12002.30 14.55 174633.47 0.06 4048.63 | 6072.01
7 22960.69 13.55 311117.35 0.10 7212.82 | 13284.84
6 40862.25 12.55 512821.24 0.17 11889.04 | 25173.88
5 47241.50 11.55 545639.33 0.18 12649.89 | 37823.76
a4 39243.45 10.55 414018.40 0.14 9598.44 | 47422.20
3 174825.60 3.05 533218.06 0.18 | 12361.92 | 59784.12
2 178299.25 2.30 410088.28 0.14 9507.32 | 69291.44
1 0.00 0.50 0.00 0.00 0.00 69291.44

Base 0.00 0.00 0.00 0.00 0.00 69291.44

Sum 520988.30 298881250 | 1.00 | 69291.44

=] o o v v ad a ¢ 1
f1914% 8-10 ﬂ"l’iﬂ’]‘L!'mJLL’i\‘iﬂiZ‘Vl']ﬂ’]‘u‘ll’]\‘i‘llax‘iE‘]II‘U'dE]’i'eNIﬂEJ')ﬁLLi\‘i’dEWISJWIEJ‘UL‘VI']

Story Wx (kg) hx (m.) Wx(hxAk) Cvx Fx (kg) V (kg)
5 63376.34 6.70 424621.48 0.32 17615.52 | 17615.52
4 83659.14 4.70 393197.96 0.30 16311.91 | 33927.43
3 99335.23 3.05 302972.45 0.23 12568.88 | 46496.31
2 69817.77 2.30 160580.87 0.12 6661.73 | 53158.04
1 98924.23 0.50 49462.11 0.04 2051.95 | 55209.99
Base 0.00 0.00 0.00 0.00 0.00 55209.99
Sum 415112.71 1330834.87 1.00 55209.99

8.3.6 HAN1TIATITULATIATIUAZFIUIIN

MUUUTIaelAsEs19gluannantazgluanTeIveIingeeunieds Finite Element
AagUR 8-19 B U7 8-20 vihmsiesgriusanglulassaiansasdagfmuansalsiuesinsei
(Load Combination) 9MNNMINUTIVNA WINTNUTITVALLAL UIMTNUTINNIT bagksanssyinain

unuAulINTAR19Y FIR19199 8-11
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M13197 8-11 NFAITINVRIUTINTLIABLATIAT199lUAN InTDIYU

2\

2
=]
v

4
f
1

QLY #®

TUswnsy

Aol 0] Load Combination
1 COMBO1 DL+SDL+LL
2 QL X DL+SDL+LL+QLX
3 QL Y DL+SDL+LL+QLY
4 6.3M_XZ DL+SDL+LL+Time History Function 6.3M XZ
5 6.3M Y DL+SDL+LL+Time History Function 6.3M Y
6 475yrs XZ DL+SDL+LL+Time History Function 475yrs XZ
7 475yrs Y DL+SDL+LL+Time History Function 475yrs Y
8 3000yrs XZ DL+SDL+LL+Time History Function 3000yrs XZ
9 3000yrs_Y DL+SDL+LL+Time History Function 3000yrs Y
Lﬁ@ DL A® ﬁ?%ﬁﬂﬂiinﬂﬂﬂﬁ
SDL #ia ﬁmﬁfﬂusmmﬁ'mam
LL o thndinusmnas
OLXfe  wsadudnesinuiudulmsuwuiuny X idasizilagld

LSIATUTIIDINBEUAU IR IULLILAL Y AAeAT1Eilaely

TUswnsy

8.3.7 HAN1TIATITNFIUIIN

NBUUAIANEDIN NsulesIEN1ThasRalied (2548)  lADONWUUFIUIINNILINIT

AAmelY 2 aue Takn 1.50x1.50 A1519LURT ke 1.80x1.80 MITNLUAT LaTEIINILYIRBFIUIINT

Ina1nlusunsy ETABS aneldan1izudusiulnigean 6.8 vuin 78.105 fiu lANaNITIATIZNEINIIN

Lﬂe
be

wiszavtugusnaglilivhlenminmaaneneg dwuansdunnsedn 8-12

Punching Shear Analysis WU1931d@2UAMNUADAABIAININAIT 1.5 NI@DI9UIN

TRy WUIINUIFUNYASANERS @ 8-21



A\

Qi

»

Y srgnwidsaduanysol

v

4

IAsensAneINIsiRgn IwALBaIe It nwEBAL B lugLNawlaT? T TRTDesNY

=3

m

M15197 8-12 AIRENHNANITIATIENGIUTINUUAUTIAA Liquefaction 1agA5 Punching Shear

Analysis
BH-3
Sample No. Depth (m) Soil Type SPT-N N' ASli (t{m2) 5 wpt" Li
From To (viaWug, 2553) | (LdaWUa, 2553)
1 -1 -1.45 C 10 10 6.31 6.31
2 -2 -2.45 C 10 10 6.31 6.31
3 -3 -3.45 C 6 6 2.78 2.78
4 -4 -4.45 C 5 5 1.90 1.90
5 -5 -5.45 S 4 4 29.06
6 -6 -6.45 S 18 16.5 3114
7 -7 -7.45 S 24 19.5 31.60
8 -8 -8.45 S 28 21.5 31.90
9 -9 -9.45 S 46 30.5 33.17
10 -10 -10.45 S 32 23.5 32.20
11 -11 -11.45 S 57 36 33.88
12 -12 -12.45 S 84 49.5 35.42
13 -13 -13.45 S 81 48 35.27
avg. 4.33 4.33
T 5 m T 5 m
B 1.8 m B 1.5 m
L 1.8 m L 1.5 m
P 78.105 ton P 78.105 ton
R 155.72 R 129.76
FS 1.99 FS 1.66

Bearing Capacity WU319ns1duANUaendsdA1tounin 1.5 9@03uuIn

IsIzaziufugIus NI laNsasuLsINTEYI LT UL nuwNLAUlIle AIR191991 8-13

M15197 8-13 AIBENHANITIATIENFIUTINUUAUTILAA Liquefaction 1aed5 Bearing Capacity

BH3
T 3.50 m
B 1.80 m T 3.50 m
L 1.80 m B 1.50 m
T/B 1.94 L 1.50 m
Nc 5.53 NN T/B 2.33
c=Suavg 4.33 t/m2 Nc 5.53 AN

c=Suavg 4.33 t/m?2

qult 31.13 t/m2 qult 31.13 t/m2

Quit 100.86 tons Quit 70.04 tons
P 78.11 tons P 78.11 tons
FS 1.29 FS 0.90

8-22 @ 1IRY WAIINUIFUNYASANERS
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8.3.8 NAN15ILASITALATIAS1S

AATeiaeudIulasEi e lunNNIATINTBMSINTEINLNNTEIW AC 318-08

=

AagUR 8-21 fia 8-24 laelusunsu ETABS 35 Column P-M-m Interaction Ratios wUAAIHANTS
Anreiduuaud mntudmduduiung wansilaseetuiuidfidesaniuusanseiunnn iy
frdsfunssestudiuty nuamsieneinuilasaimdnveseluaniaedliitfidesanuse
WHUAULYITIR 6.3, WSHUAULNININIT NeN.1302 UavhssuruAulIvn 5.91 muqﬁ’aeﬁ;ﬁ 4759

d‘ QIJ dSI ¥ 1 U L2 1 U dl
Luaamﬂm‘umiauwugmmaﬂmqaiwlmsmumuamwLiaqqqﬂ GNEU‘V] 8-25

ot R T ot [ — [Ea— ]

v

U 8-21 NaN133ATI2ABUEINIATIATININAUNATUNAABUFUBIDDNUUUANITUYN. 1302

00 o S R E—T ] o o S e

v
'3 o

JUN 8-22 nan1sAaszvidudiulaseaiansaluuauluivunn 5.91 aruglien 475 Y
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7
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¢ 4

JUN 8-23 nan1saszvidudiulassainsaluiuaulnvung 6.3
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v ¥
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8-24 wam AT EtudIulaTsa e salukufulnITua 6.80 AruglRan 3000 U

Spectral Acceleration asa49u
12

1
— 11302

0.8 - ——R=475yrs, M=591

——R=3000yrs, M=6.8

0.6 ¢
6.3M
0'4 J T =0.363 sec (Main Hall)
7

0.2 \/\ ——T =0.307 sec (2nd Hall)

0 S
1 10

=

Spectral Acceleration (g)

0.01 0.1 Period (sec)

3U# 8-25 alnAsunanauauasdImiunsanszilaseaisgluaainsasdu

Wguiuaun1sauinugIuvasiasiaieglusn
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1%
wa o

waitunsdianuuusawiuAulmANTULTIEIEavLIn 6.8 ATUNTRUREY 3,000

(d }

lassaiaavesgluaananuazgluanseuianisivhilesnnifnlumuddageninmaeiiaazsula

wagyhlilinAAReusanagu 8-26

1 L,. N

b4
wa o

U 8-26 luwuduazn1sinfauiivadlaseaingluaniiasannuseuduiuln arugdian 3,000 U

'
v a

WetiamAnuisyylulusunsy ETABS undmsizvmasianaunsasulaniels
mipusaldau nudnaliaunsaSuusansgyiuasluuudiAnduiosnnuaufulnianusulss

gegaunnn 6.8 Lo Wwdeaiuilusunsuseyld dasensiuinmelull
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DESIGN RC. COLUMN

[ I.Data For Design ] [ IL.Results of Design Section&Reinf. |
Type of Column Short Column 2 1.Value of m 20.40

1.1.Reduction Factor 1.000  kh/r=83 22.Valueof I, 116,574 em.’
1.2.Shape of Column 1 %Gﬁ o 2.3.Value of Iy_y 116,574 cm.4
1.3.High of Column 0.75 m. 2.4.Value of cx 15.00 cm.
1.4.Req. bx > 1500  cm. 2.5.Value of cy 15.00 cm.
1.5.Req. ty > 1500 cm. 2.6.Value of fa 4235 kg./cm.2
1.6.Design Wide(bx) 30.00 cm. 2.7 Value of fbx 97.76 kg./cm.2
1.7 Design Depth(ty) 30.00  cm. 2.8.Value of fby kg./cm.2
1.8.Dia. of drain Pipe cm. OK.!  2.9.Value of Fa 80.28 kg./cm.2
1.9.Vertical Load(P) 38,111 kg 2.10.Value of Fb 7785 kg./ Cm.2
1.10.Horiz. Load(P,) kg. 2.11.Value of Pa 49,500 kg.
1.11.Moment(M,_,) 7,597.38 ) kg.-m. 2.12.Value of Pbx 19,413 kg.
1.12.Moment(M,. ) ) kg.-m. 2.13.Value of Pby 19,413 kg.
1.13.Design Ratio(p,) 1.79 % OK.! 2.14.Value of Po 72,248 ke.
8‘ - DB 16 mm. 2.15.Value of Mb,___ 2,212 kg.-m.
1.14.Design Stirrup Dia. 6 mm. 2.16.Value of Mb, 2,212 kg.-m.
2 - RB 6mm@ 26cm. 2.17.Value of Mo, _, 1,448 kg.-m.

----[ e>eb:Tension zone3 ]---- 2.18.Value of Mo, 1,448 kg.-m.

Status of Design Section & Reinforcement

(fa/Fa)+(fox/Fb)+(fby/Fb) = 1.78 < 1.00 pyanesl

(Mx/Mox)+(My/Moy) = 525 < 1.00 NI
Trial Section & Reinforced Again
C-329

©  ©Ols-DB16mm.

30 cm.!

ty=

2-RB 6 mm. @ 26 cm.

1 bx =30 cm.i
| GE—

8-26 @ TRY URINUIFUNYASANERS
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DESIGN RC. COLUMN

[ I.Data For Design | [ IL.Results of Design Section&Reinf. |
Type of Column Long Column 2.1.Value of m 20.40

1.1.Reduction Factor 0.710  kh/r=45  22.Valueof I 173,756 em.’
1.2.Shape of Column 3 L1gnay 2.3.Value of Iy_y 173,756 cm.4
1.3.High of Column 4.50 m. 2.4.Value of cx 20.00 cm.
1.4.Req. Dia. > 30.00 cm. 2.5.Value of cy 20.00 cm.
1.5.Req. Dia. > REEE cm. 2.6.Value of fa 0.51 kg./cm.2
1.6.Design Diameter 40.00  cm. 2.7.Value of fbx 57.81 kg./cm.2
1.7.Design Diameter 40.00 cm. 2.8.Value of fby kg./cm.2
1.8.Dia. of drain Pipe cm. OK.! 2.9.Value of Fa 74.19 kg./cm.2
1.9.Vertical Load(P,) 459 kg 2.10.Value of Fb 7785 kg./ cm.2
1.10.Horiz. Load(P) kg. 2.11.Value of Pa 73,659 kg.
1.11.Moment(M, _,) 6,352.61 ‘kg.-m. 2.12.Value of Pbx 25,699 kg.
1.12.Moment(M, ) ) kg.-m. 2.13.Value of Pby 25,699 kg.
1.13.Design Ratio(p,) 1.28 % OK.! 2.14.Value of Po 93,225 kg.
2; - DB 16 mm. 2.15.Value of Mb__ 2,450 kg.-m.
1.14.Design Stirrup Dia. 6 mm. 2.16.Value of Mb, 2,450 kg.-m.
I - RB6mm@ Scm. 2.17.Value of Mo, _, 2,028 kg.-m.

----[ e>eb:Tension zone3 |---- 2.18.Value of Mo, 2,028 kg.-m.

Status of Design Section & Reinforcement

(fa/Fa)+(fox/Fb)+(fby/Fb) = 075 < 1.00 OK.!

(Mx/Mox)+(My/Moy) = 441 < 1.00 pRravis

Trial Section & Reinforced Again

C-57
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8.4 g@3Unan1sAiuu

8.4.1 nan1sUszliunuseulmreIn1siin Liquefaction mevuinnavvadiniu t@uslng
Tsuchida (1970)  uagAuaNTANIINIEAINLAENITIAINTIUVDIAY WUTT FUAUNTIENAIINEN

5-10 wns 91nRaAY dlanain Liquefaction

8.4.2 wan1sUsziliulon1ansiin Liquefaction #1875 Cyclic Stress Ratio (Seed uay
Idriss, 1971) wag Liquefaction Potential Index, LPI (Iwasaki wagmy, 1978) Wigunuwnasilonia
N19LAA Liquefaction (wasaki WazAuy, 1982) waznani1sUsHduAIEsve iRy (shihara,
1985) WUINMRN TR UANLIILIATY YA 6.3 %uﬁuu%Lmi’m'ﬁaqsquﬁiammﬁﬂ Liquefaction
Uowun Lwim']LﬁaﬁmmmsqmzﬁwLwiuﬁulmmmgumqqﬂqmum 6.8 Funuaziilonaiiin

Liquefaction g1 wazAeliinAudeme sy

8.4.3 NN15UTEUANNUaDA8U8IgI1UIINATT Punching shear analysis N3alLTe
nseyuHUALIMIAINTULSIgIaAYLIA 6.8 NiRuaURel 3,000 ¥ Wudn AuruITeItuAumien

TagusngluaniiieanananisiunsivAiiemIngIusINeneg lunsSANTUAUNTIENAINAUE]

=) o w

FULEDAIY UTOTUAUNTIINAIULAR Liquefaction  WALHBNANTANAISILUANIUTDITUAULATIYY

YRS

Tagusingluan wudn Aasusunymuvestufuliiisme Jadileniangiusinvesgluanaziinnis

9 9

NIAFLe

oall

84.4 9nwansUszifiumnudiunwedlassairmdnvesgluaninieusioussnszin
wHuAUIR A2838 BN, 1302, A5AT1ERLAUALINILTININUARAT (Deterministic  Earthquake
Analysis) NseBA0ULLIANY YuIRLHUAUlm 591 AugtAdi 475 T uaskansleTeRdoundy
wnnsaiusuulletul 5 wguntau wa. 2557 U 6.3 wut Tassadsgluaniaaesvdaliiin
Aoy windmanmsliesigilasiainsonsauAulmaunInAITULNENEn 6.8 ATUgTRTY

‘o

3,000 U WU 1ASIE519@1019 A0 ANMLEEYUNY LB LU UAAATLANTUIINLIINTEVITMHUAULA

1ALAUNIAAISUINLLUAR AVDITUAIULATIAS LA

8.4.5 ToLauDRULINANANNESMNENIAARTURARLUADIATOIYY AITHETUAINUTUAIVDY
lassadvgluaningestu wu nsiasuanduasfstufunsieudu n1sAnAs Base isolator #30n13
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9.1 RS9l aNAEDU

\3nsilonadeu Screw Driving Sounding (SDS) \Juwa3asflefiivumdnauisaldmuiion
1-2 AU MuANLagNadey nénmshaulifwgmuaduluidefumiieutuiaieaiie Swedish
Weight Sounding (SWS) dsuansluguil 9-1 edesilonadeu SDS (5Ufl 9-2) 1#5zuu monotonic
loading TfulaevuLaznafmesnsnd annsaufusnn loading muAnudnvesiuiaz
Wistu dmdurunnves loading 131910 0.25 kN oo mtinnansay 0.125 kN s 1.0 kN. uda¥aa

Torque (T), Total penetration length (L) ag Settlement velocity (V)

9.2 AMUAUINISNAEDU

n1snAdeUNgnnaLia1y Jmialessty 91w 3 90 Indduganviinisiangdisiakay
nageuAuanlRfu Matiievzdesimanliainnisnaaeu SDS  wmANdNTUSIUAT SPT &9
ANTUNITAIETTNITANAY S19TUAUNUIVDINITNAFRU UTENaUuaIy UTINTATeeYu (BH-3)

Tahdeu (BH-4) uaglsuseutiuvuaumvies (BH-5) uanslugui 9-3

SWSS equipment Screw Driving Sounding Test
- (Manual type)
SDS Test Metfod W,
(DHandle = ’eﬁlo_‘ 4
amp .
- —® @Bottom plite : |_|_| Measurement items
©Rod il -Weighted load(W,)
©®Screw point *Number of rotation (N)
3.33cm N 'Ta Torg
. = IR
20om ——
I e Test Method f————
® \/ - g *Rod rotates constantly at a fixed speed
g =Load increases 0.25~ 1kN at each rotation
(4P=0.125kN 7steps)
L 4]

5UN 9-1 wann1svaaAasiia SDS
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gﬂﬁ 9-2 \A3asila Screw Driving Sounding (SDS) d@1uSunagau liquefaction Tuguu

Google earth
= <

ye alt 47236 ft

gﬂﬁ 9-3 AIUUUINTIINAGDU Screw Driving Sounding (SDS) 3 ALY
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9.3 Nan1Inadau SDS

9.3.1 Wan1Inagau

»

Y

v

fegaNanIInaaauUsTnaunie Torque (T), Total penetration length (L) uag

Settlement velocity (V) vaiguLany BH-3 LLamﬂugUﬁ 9-4

Depth (m)

© 00 N O U B W N O

N e e I e
S © o ~N o U~ WN PO

load W(KN)

0.25 0.5

penetrate velocity(mm/s)

0 40 80 120

i

4

©O© 00 N O g B~ W N P O

Depth (m)
s

=
=

ey
N

T

=
w

[N
~

=
(5]

=
(=2}

‘ |
|
-
=

=
oo

=
©

Ny
o

0.00

2.00

4.00

6.00

8.00

10.00

Depth (m)

12.00

14.00

16.00

18.00

20.00

(=]

Torque, T (N-m)

20 40 60 80

sUfl 9-4 fegaNaNsMAEBY SDS Yawgy BH-3
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9.3.2 NFIMUNUTLLANAUAIUNEA SDS LaZNITIATIZHAT Neps

Nan1sNA@au Torque (T)

wag Load (W)

IAsensAneINIsiRgn IwALBaIe It nwEBAL B lugLNawlaT? T TRTDesNY

Prunlalun1sanwundseinnau wnnd

ANUTY (dT/dW) 1071 5 denudululanazduiuuds 1wy nse dunsie Wusu Tunianduiu

PINAMUTY (dT/dW) tenin 5 Wsefnau aursafaulaiduiuseuy wu Aumdsd Aunsiewts

Jusiu U7 9-5 wansn1sulanaussnniuainuansmagey SDS

0.0 - 1.0 m. Top crust/ Backfill

0.50 m. dT/dwW =31.19
0.75m. dT/dW = 34.64

1.0 -5.0 m. Clay - silt

2.0m.dT/dw =15.85
40m.dTdT/dw = 9.88

7.0-10.0 m. Sand

9.0 m. dT/dw =26.88

11.0 — 14.0 m. Sand/Gravel

11.0m. dT/dW =43.13
12.0 m. dT/dW = 33.56
14.0 m. dT/dW = 33.06

v=31192x+26.56
Py

 Series1

—— Linear (series1)

@ Seriest

—— Linear (series1)

X+ 13,

601

y=19.099 + 18.38

* 025

—Linear (0.25)

y=43.132x-0.8212

@ Seriesl

—— Linear (Series1)

Depth (m)

torque T(Nm)
0 20 40 60

80 100

i e i = = P

'

1

1

1

1

1

1 3.00

! | Clay |

1 T

1400 i

1 g 1

1 1

I 5.00 1

r 1

' 600 Moot f ;

1 F e a) Silty Sand

709 {mim o~ B e e o

LA ]

i == | Silty Sand

1 Mo=3 o4 4

1 900 =y T

1 T 1
[ -

I T

: e :

111.00 2 !

i | .

100 ey . Silty Sand |

! ] |

113.00 ar e =N !

: pax el 1

4400 ol B A

19|

1l
f

g‘l.l‘ﬁ 9-5 MswdanausznauINKan1sAgau SDS (Torque) Yawqu BH-3

naRInImuUnUszinnau saluidunisuseiiiuan Standard Penetration Test 270

HAN1INAEDU SDS WAN1SWUaANTUALIINNIIVNA@DU SDS WAz Boring log 3AuvNtUTauLIBUA

N-SPT iU Neps ¥84 3 Msnaaey wandluguf 9-6 89 9-8 druAuduiusves N-SPT fiu Nyps U89

nsnaaUNIvLALaAAIlUFUN 9-9 AnANUFUTLS wudl nTesilamizauiufulssinnidianugeu

(soft material) 1y fiuwmiley Aunsewds Aunsefegluanimmaiy WDusu
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Soil classification by SDS

BRoring | og

SOIL DESCRIPTION

SOIL
SYMBOL

Ground Surface

.| Reddish brown, greyish brown,
.| stiff, medium plasticity.

(0.00 - 3.00 m) Silty CLAY (CL)

(3.00 - 5.00 m) Silty CLAY (CH)
Brown, medium, high plasticity.

| (5.00 - 6.00 m) Silty SAND (SM)

_| (6.00 - 13.45 m) Silty SAND trace
_| some, and gravel (SM)

_| fine to coarse grained.

Brown, very loose, fine to coarse

Brown, medium dense to very dense,

End of boring 13.45 m

E
torque T(Nm) %
0 20 40 60 80 100
0.00 HE=e Tl 0.00:
I—i-.l?f) s = = :
i 2.00 - | 2,00
! ,
'300 —g | Clay |
1 1 -
! 4.00 1 4.00-
! 1
! 5.00 E'_ i
DO S s A R = e et o
i 600 =:;: Sllty Sand 600, grained.
706 = 1
! g, 1
Sl T |
2! a——r | Silty Sand
0O, 9.00 ] : -
1 \ |
'naa-_ s ----'I 10.00-
11.00 .:*H i :
] = . i
[ = ! Silty Sand 100,
1300 P = i
1 O B I
;;A,ug_ B vy T Y 14,001
1 n !
11500 —1 === |
1 1
116.00 = |
117.00 = |
' iEE !
ggop L L L L L L L I
SPT
0 20 40 60 80 100
0.00 T T T T
200 }
|
400 I.
6.00
8.00
10.00
12.00
14.00
16.00
18.00
20.00

9-6 LW3HULIBUNANITIUUNUIZLANAUIINNISVIAGDU SDS 1az Boring log BH-3
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Soil classification by SDS Boring Log

= S
E SOIL DESCRIPTION 9; E g S | lowsiy
N - Value 4 ol =358
0 10 20 30 40 5 60 70 8 9 100
0,00 Ground Surtace
¢l | ©0.00- 2.00 m) sity SAND some wo |
1.00 | aravel (smy ss | 1 B
/ —* | Brown, toose, fine to coarse grained wol| ™
2.00 { 2.00| SS | 2 (g 2
[ 2.00- 4.00 m) clayey siLT (w1 wo -
300 [*el Greyish brown, very soft to medium, ss | s s
{,/" | medium piasiicity. wo | =X
r — 2= =T ==T == = T ST T T
aod e =i
1< | wo 1
s | some gravel () ol s o | |
500 4% "\ o, et e sty . Gravel trace
I
6.00- 6 6
6.00f e e s I (U el gy At - = L]
— - 7] 1
7.00 | (7.00 - 10.00 m) Clayey SILT (ML) .
E I 8.00.| Brown, siif to hard, medium plasticity. ss|e gl 10
= 800
g — wo
8 K] —— ss | o | sonSCM
9.00 wo ]
1 s |10 f 50/14cm
10.00 | 10.00 - 11.00 m) sitty SAND some wo i
-f gravel (SM) SS | 11 [ 50/15¢cm
11.00 _| Greyish brown, very dense,
12,001 oarse grained. 7
12.00 |\a100 - 1115 m) sitty GRAVEL (GM)
Brown, very dense.
13.00 i End of boring 11.15 m
14.00-
14.00
15.00
16.00
17.00
18.00
—+-SDS -e-SPT

5UM 9-7 Wisuigunan1sIMUNYTLNNAUIINNITMAGRY SDS Uag Boring log BH-4

Soil classification by SDS Boring Log

B a2
I =8| 2|y
SOIL DESCRIPTION o
N - Value & =L |&
o | =%
)
0O 10 20 30 40 50 60 70 8 9 100
0.00 § 0.00- Ground Surface
—, _| (0.00 - 2.00 m) Sandy CLAY (CL)
1.00 { _| Brown, hard, low plasticity. 1
2.00 2.00-| 2
:\/' _| (2.00 - 4.00 m) Clayey SAND (SC)
3.00 /,—5 >3 Brown, dense, fine to coarse grained. 3
4.00 4.00- 4
—_ | _| (4.00 - 5.00 m) Silty SAND some
5.00 _| gravel (SM)  Brown, loose, 5
= fine to coarse grained.
JR R I~ i S N R A S S A - I
6.00 [—=— ,\'\—\ 6.00.| (5:00 - 7.00 m) Silty SAND trace 3 |
PRC IR MR pm— & 3‘-______"__',gr_avél'(s'M)Br'ovﬁnEdnﬁdﬁse'lo_ ot ===
7.08 — oo =] = ok dense.fine ta.coarse.Qrained e, — 95 o Tem| = _|
21 — | \\ [ (7.00 - 8.00 m) well Graded sity wo
= 8.do 8.00-| GRAVEL (GW-GM)_Brown, very dense. ss | 8 |
3 — -
- N R SN R E_.—_—ﬂ_____..__-r(%.DO-_H.Qﬂrm.SMSAND.sqme_ I
9.00 .| gravel (SM) Brown, very dense, 9
Oﬂ I _| fine to coarse grained.
1000 v 10.00-} (9:00 - 10.00 m) Silty GRAVEL (GM) 10
'\\ | Brown, mediumdense.
11.00 Ne. -| (10.00 - 14.10 m) Silty SAND trace, 1
\ -| and gravel (SM)
12.00 \ 12.00- Grey, medium dense to very dense, 12
\\ -| fine to coarse grained
— - 13
13.00
14.00 14.00- 14
End of boring 14.10 m
15.00
16.00-
16.00 6.00
17.00
18.00

-+-SDS --SPT

5UM 9-8 WIBuLBUNANIIMUNYITLANAUINNNTTNAZRY SDS Wag Boring log BH-5
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N - SDS

N - SDS

100

90

80

70

60

50

40

y =0.2727x + 18.599

R?=0.3762

=

30

o

20 -

10 +

100

10 20 30 40 50 60
N - SPT

(n) Aunnyia (Stiff material)

70

80 90

100

90

80

70

60

50

40

30

20

- |y=0.7202x + 4.6358
L 4 R? = 0.8443

10 20 30 40 50 60
N - SPT

(@) wwzAueay (soft material)

70

80 90

JUN 9-9 AMUFURUSVDY N-SPT iU Ngps VIN15NAAU

100

\

A

\

v

-
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9.4 wan15Usalu Liquefaction annNanagau SDS

A1 NSDS  drnnlalunisuseidiu Liquefaction  LilelUSuulisuiun1sinsieilaeisund
(unfl 6) ansauandluun 9-10 35 SDS e LPI unnsinaiuiSundiintes wesesdlodanunsaldle

TngwIEnuAUaDUY

Liquefaction analysis

CSR and CRR

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
0

6 < —@— CRR-SPT
’E\ —@— CRR-SDS
EQ 8 CSR
8
10
12
Method |[LPI
14 SPT 5.10
SDS 4.85
16 SDS-0.25m 3.36

U 9-10 wan133A3129 liquefaction waz LPI 39nn15nasayu SDS
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A3UNan15ANY

1%
o

1. wamsfnwdeyatildAuainvauini (observation well) naeaszeziian 1 Y luiiui
Anwidnnewian  Fmiadesns wuihddilffuegluszdugaasinginssunisdsuutas
(fluctuation) muian Insleweluvnaiduiiuiis Wy Usnasuanmeny wasshasunuenui
U3nniuiiilenmalunisifn Liquefaction Aeutsgs druvinashualtund Fudufufisudan
wiszduildAuiingfnssunisivaeuntas (fluctuation) muaan wdssutindewdeanRafu

Tonalunisiia liquefaction fivley

2. wan13An¥INISAAUIINGN19al Liquefaction  Aae3sAduduasLiiou (Shear wave
velocity) f1838989 Andrus and Stokoe (2000) way Kayen et al. (2013) linamout19@onndasiu
a A a & a v & = [ v o a ¢
noAnssuAnduassluauiy dely danudululanazvinisasisasulanianisiinusingnisal

Liquefaction Mgidpauduaziiou

3. AnAnuduRusiBeUsraunisalilesdusening manusinduideu (Shear  wave
velocity) uazd1UIUATINITABNLINTEIU (SPT number) luiiunAnwrduneuian Wulddaunis
0.161
Y = 133X
4. nan15AnEIN15LAA Liquefaction #2878 Cyclic  stress  ratio (CSR), Liquefaction

Potential Index (LPI) ua¥ Liquefaction Manifestation fanuiunzauiun1sAneluiiuronnautan

5. MTILATILIAT Liquefaction Potential Index (LPI) #1lgA1 Cyclic stress ratio (CSR) 21n
N153AI1E9 ground response analysis TirfidanadasiundngIun1sin liquefaction ¥INNTINS

AATNTAAIBAUNITUDI Seed et al. (2003)

6. waNINWANITURHUAULINGN (Main  shock) ka3 wan1salisuAulnises
(Aftershock) dsanunsaasnaliiin Liquefaction tawuiu Mflvuiaununulnisesiosdivuinuinnin

5.0 wazeglusmiiuszana 10 Alawns

7. USnuinunangun1siina Liquefaction azaguutuiiungnaului (Quatemary deposit)
I o goj . . a ~ a
gl UUneNBUIININALABUUIN (Fluvial  deposit,  Qa) WaTUBNINNAUNIIYNFIUITALAA
. . Y Y = dyu 1 gj a = al o a . . a
Liquefaction lauda Tun1s@nwddsmuintuaulinazideondimindunsisuds (silty soil) awisaiina

Liquefaction lagufiu aeanndesmianang uiusingluauiuiazn1sisn1siasis

TRy WUIINUIFUNYASANERS @ 10-1
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8. HaN13ANWINITAN Liquefaction fagvuInwuAulIEIan au1saasIsukuildseiy
91nlonTain Liquefaction waslonafivfvedigiusiniuiilosan Liquefaction teunlulelunis

N158uIN1sneaseAsUuEeu Tlaensdsain Liquefaction iasanununulnm

9. man1sUszdliulenianisiin Liquefaction vaeingasgu wuilloniaiin Liquefaction 16

TunsaindinssuusanseyiuruAulNIANUTULIEEATIN 6.8

10. wan1sUsELiiuANUaRniEUegIuIINAIETS Punching shear analysis NTALIINTEY
wruAlnANLTULSIgeERTLIR 6.8 Tiaugiiien 3,000 T nudh AnuvuIvesduRumieldsusn
gluanifisanedensiunisitfidesnngusnaeneglunsdiiduunmenaindiuaisgoude
f1ds ietuiunmevauia Liquefaction widlefasanfduunmuvestuiumnieldgiusn

gludn wu31 MassusunmuvestuRuliiisme Jalenmangiusinvesgluandzianisngadle

11. namsUssiiunnusiuasveslassaiamdnueseluanindesureusenseyiusiudulm
A5 we. 1302, A5ATIERLRUAULRITIAIMUAAT (Deterministic  Earthquake Analysis) 210
semidouutian vwausdufulm 591 augiRien 475 U uasnanisiiaszsideunduimgnisal
uudulnndetuil 5 wouatau w.a. 2557 9uia 6.3 nudn lassadrsgluantieaeandsliiin
ANEETIY LANTINANTTIATIZNLATIET 19 DUSIUNUAULITUINAINTULTIEIER 6.8 AUg AT

3,000 U 1y 1Asa@519.@19719 R0 AN #81e 189N LLUUAR A TN TUINNLTINTEYILE WAL

1AAUNIINAISUINLLUAR AVDITUAIULATIAS9LET

12. UalauslugiiaanAUdeneneaindunngluaninsadgu AsasuAuluaAIues
lassadngluaninsesgu wu nsiasuanduasftufunsiendu n15Ands Base isolator #30n13

EUAEY MM snsIeTe e IS iU avEHagn
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e AFINITFINYINTITLNAFATWAULBRAIFA WU IR URU LRI LUBINDUURTT ANRIRLTYITIY
PROJECT : ununudnmnisiinaninduiiaddiiasainusuduim BORING STARTED 1 20/4/2559
LOCATION : dwnawsian feuiaidassia N : 19.75961 BORING COMPLETED  : 20/4/2559
BORING NO : BH-4 TOTAL DEPTH : 11.15m E : 99.69688 GROUND WATER LEVEL : -2.07 m
B i o g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
= ol o w | w
= |
E SOIL DESCRIPTION 3 g E z 8 bSIF’T l;lf PENETRATION STRENGTH PL Wn LL WEIGHT
& os| W =9 (blows/ft) TEST VALUE @®@uUuC ® FVT & PP —e—
e o |z (blows/ft) (t/m?) (%) (tm°)
0 25 50 75 100 0 1 2 3 4 0 15 30 45 60 |14 16 18 20 22
0.00 Ground surface 0.00 — — —— —
_| (0.00 - 2.00 m) Silty SAND some
_| gravel (SM) 1 7 NP
Brown, loose, fine to coarse grained. i [
2.00- 2 » < 2 2.00
_| (2.00 - 4.00 m) Clayey SILT (ML) "
Greyish brown, very soft to medium, 3 5
medium plasticity. i
4.00. SS | 4 x 8 4.00
_| (4.00 - 5.00 m) Sandy SILT trace to V) .
-| some gravel (ML) ss | 5 8
Brown, medium, medium plasticity. WO
6.00-| (5.00 - 7.00 m) Silty GRAVEL (GM) SS |6 g 6 6.00 —
Brown, loose. WO E
- SS |7 g 1 —
_| (7.00 - 10.00 m) Clayey SILT (ML) V) ]
" Brown, stiff to hard, medium plasticity.
8.00 SS |8 |gf 19 8.00 —
9 | 50/15cm 50/15cm | ]
10.00- 10 > < 50/14 cm | 10.00 50/14cm ¢ NP
_| (10.00 - 11.00 m) Silty SAND some i
- gravel (SM) 11 fgf 50/15cm 50/15cm § NP
_|% Greyish brown, very dense, 7 ]
12.00-]\ fine to coarse grained. ,/' 12.00
_|\(11.00 - 11.15 m) Silty GRAVEL (GM)
Brown, very dense.
End of boring 11.15m
14.00- 14.00
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out uc Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X split Spoon : Augering PP Pocket Penetrometer Test LL : Liquid Limit
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A n > 1 =2 = a o dl 1 = 1 ﬂ'L L3 1 a o %
e AFINITFINYINTITLNAFATWAULBRAIFA WU IR URU LRI LUBINDUURTT ANRIRLTYITIY
PROJECT : ununudnmnisiinaninduiiaddiiasainusuduim BORING STARTED 1 21/4/2559
LOCATION : dwnawsian feuiaidassia N : 19.75439 BORING COMPLETED  : 21/4/2559
BORING NO : BH-5 TOTAL DEPTH : 1410 m E:99.69211 GROUND WATER LEVEL : -3.95 m
’g i o g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
= ol o w | w
= |
E SOIL DESCRIPTION 3 g E i 8 bSIF’T l;lf PENETRATION STRENGTH PL Wn LL WEIGHT
& os| W =9 (blows/ft) TEST VALUE @®@uUuC ® FVT & PP —e—
e o |z (blows/ft) (t/m?) (%) (tm°)
0 25 50 75 100 0 1 2 3 4 0 15 30 45 60 |14 16 18 20 22
0.00 Ground Surface 0.00 — — _ —
_| (0.00 - 2.00 m) Sandy CLAY (CL)
Brown, hard, low plasticity.
1 3 H
2.00 2 gl 40 2.00 —
_| (2.00 - 4.00 m) Clayey SAND (SC) "
Brown, dense, fine to coarse grained. 3 34
X
4.00. 4 x 10 4.00 NP
_| (4.00 - 5.00 m) Silty SAND some ™
_| gravel (SM)  Brown, loose, 5 21
. . = NA
fine to coarse grained. ]
6.00-| (5.00 - 7.00 m) Silty SAND trace 6 47 6.00 NP
_| gravel (SM) Brown, medium dense to i
_dense, fine to coarse grained. 7 > < 57 NP
_| (7.00 - 8.00 m) Well Graded Silty ]
8.00-] GRAVEL (GW-GM) Brown, very dense 8 89 8.00 NP
_| (8.00 - 9.00 m) Silty SAND some ]
_| gravel (SM) Brown, very dense, 9 17 NP
O . y > <
|\ fine to coarse grained. / ]
10,00-}(&:00 - 10.00 m) Silty GRAVEL (GM) _ wl| | 24 10.00
_| . Brown, medium dense. K
-| (10.00 - 14.10 m) Silty SAND trace, 11 R 44
-| and gravel (SM)
12.00- Grey, medium dense to very dense, 12 » <« 54 12.00 NP
fine to coarse grained.
13 »> <« 50/15 cm 50/15cm NP
14.00- 14 -4 50/10 cm | 14.00 50/10cm ¢
End of boring 14.10 m
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out uc Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
b <4 Split Spoon : Augering PP Pocket Penetrometer Test LL : Liquid Limit
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=2 = a o = 1 = L3 1 a o
n2 lu7l i
= AFINITFINYINTITLNAFATWAULBRAIFA WU IR URU LRI LUBINDUURTT ANRIRLTYITIY
PROJECT : uwusiudnmmsiiagnimdumardailasainusudulug BORING STARTED 1 23/4/2559
LOCATION : dnnawian feuiaidassia N : 19.76337 BORING COMPLETED  : 23/4/2559
BORING NO : BH-6 TOTAL DEPTH : 17.45m E : 99.72059 GROUND WATER LEVEL : -2.50 m
’g _ a g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
= ol o w (W
- |
E SOIL DESCRIPTION 3 g E d B bSlF’T l;lf PENETRATION STRENGTH PL Wn LL WEIGHT
& os| 4 =g (blows/ft) TEST VALUE @uUuC ® FVT ¢ PP ——e—
e o |x (blows/ft) (t/m?) (%) (t/m’)
0 20 40 60 80 0 1 2 3 4 0 15 30 45 60 |16 18 20 22 24
0.00 Ground surface 0.00 — —TT —_— —T
_| (0.00 - 2.00 m) Sandy SILT trace wo
_| gravel (ML) ss 1 13 |
Grey, stiff, medium plasticity. wo x
2.00- SS | 2 5 2.00
_| (2.00 - 4.00 m) Sandy SILT trace WO x
_| gravel (ML) ss | 3 5
_| Grey, medium, low to medium plasticity WO x
4.00. 4 x 18 4.00 NP
_| (4.00 - 6.00 m) Well Graded Silty .
_| SAND some, and gravel (SW-SM) 5 19 NP
- Brown, medium dense, x
6.00-|_fine to coarse grained. 6 8 6.00 NP
-| (6.00 - 7.00 m) Pooly Graded Silty E
-1 SAND and gravel (SP-SM) 7 40
- Brown, loose, fine to coarse grained,
8.00- 8 x 13 8.00
_| (7.00 - 9.00 m) Sandy CLAY trace to ~
_| some gravel (CL) 9 11
Brown, stiff to hard, medium plasticity. x
10.00-| (9.00 - 10.00 m) Clayey SAND trace 10 x 17 10.00
-|\ to some gravel (SC) =
[\ Brown, medium dense, 11 x 22 H 207
-| \ fine to coarse grained. E I
12.00-| (10.00 - 14.00 m) Clayey SILT (ML) 12 x 28 12.00 — 2.07
-] Brown, very stiff, medium plasticity. |
- 13 x 26
14.00- 14 x 41 14.00 NP
_| (14.00 - 17.45 m) Silty SAND trace, .
_| trace to some, some gravel (SM) 15 58 NP
. Brown, dense to very dense, x
16.00-| fine to coarse grained. 16 61 16.00 NP
- 17 x 66 NP
18.00- End of boring 17.45 m 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out uc Unconfined Compression Test PL Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X split Spoon : Augering PP Pocket Penetrometer Test LL Liquid Limit
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e AFINITFINYINTITLNAFATWAULBRAIFA WU IR URU LRI LUBINDUURTT ANRIRLTYITIY
PROJECT : uwusiudnmmsiiagnimdumardailasainusudulug BORING STARTED 1 24142559
LOCATION : dnnawian feuiaidassia N : 19.79962 BORING COMPLETED  : 24/4/2559
BORING NO : BH-7 TOTAL DEPTH : 16.45m E : 99.70361 GROUND WATER LEVEL : -3.03 m
A _ a g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
= ol o w (W
- |
E SOIL DESCRIPTION 3 g E = B ble’T l;lf PENETRATION STRENGTH PL Wn LL WEIGHT
& os| 4 =g (blows/ft) TEST VALUE @uUC ® FVT & PP ——e—
o 6| & (blows/ft) (t/m?) (%) (tm?)
0 15 30 45 60 0 1 2 3 4 0 15 30 45 60 |16 18 20 22 24
0.00 Ground surface e 0.00 — —TT —_— —T
_| (0.00 - 3.00 m) Sandy CLAY (CL) .
_| Grey, stiff, low plasticity. 1 14
2.00- 2 x 15 2.00 E
3 4
_| (3.00 - 5.00 m) Clayey SAND trace x
4.00-| to some gravel (SC) 4 6 4.00
. Brown, very loose to loose,
_|_fine to coarse grained. 5 8
_| (5.00 - 6.00 m) Sandy CLAY trace x
6.00-| gravel (CL) 6 > < 17 6.00 ®213
_|\ Brown, medium, medium plasticity. =
_| (6.00 - 8.00 m) Sandy CLAY trace 7 23
_| gravel (CH) x
6.00-|__Brown, very stiff, high plasticity. s 39 .00 y
_| (8.00 - 10.00 m) Silty SAND trace, x
_| some gravel (SM) 9 55
Brown, dense to very dense, x
10.00-|—_fine to coarse grained. 10 , 11 10.00
_| (10.00 - 14.00 m) Sandy SILT (ML)
_| Brown, stiff to hard, medium plasticity. 11 x 25
12.00- 12 x 21 12.00
- 13 x 46
14.00. 14 51 14.00 NP
_| (14.00 - 16.45 m) Silty SAND (SM) X
Brown, very dense, 15 53 NP
_ fine to coarse grained. x
16.00- 16 x 52 16.00 NP
- End of boring 16.45 m
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out uc Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X split Spoon : Augering PP Pocket Penetrometer Test LL : Liquid Limit
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PROJECT : uwunudnminsifasainwdumadrdnilasannusuduiu BORING STARTED 1 22/4/2559
KRUNGTHEF) LOCATION : @nawsian Seuiarduesa N : 19.81991 BORING COMPLETED  : 22/4/2559
GECTECHNIQUE
BORING NO : BH-8 TOTAL DEPTH : 8.05m E: 99.65781 GROUND WATER LEVEL : -4.65 m
B 2| o g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
= ol o w | u
2 |
E SOIL DESCRIPTION 3 g ']_: 2 5 SPT-N PENETRATION STRENGTH PL Wn LL WEIGHT
o os|L3|2 (blows/ft) TEST VALUE ®uUC ® FVT & PP ——e—
<
o o & (blows/ft) (t/m?) (%) (t/m?)
0 25 50 75 100 0 1 2 3 4 0 15 30 45 60 (14 16 18 20 22
0.00 Ground Surface 0.00 — —TT —_— —TT
_| (0.00 - 4.00 m) Sandy SILT trace, WO
_| trace to some gravel (ML) ss |1 15 —
Brown, stiff to very stiff, WO x
2.00- low to medium plasticity ss | 2 10 2.00 —
> <
wo i
Ss | 3 24
wo| (X
4.00 ss | 4 24 4.00 —
_| (4.00 - 6.00 m) Sandy CLAY trace wo x
_| to some, some gravel (CL) ss | s 11
Brown, stiff to very stiff, wo x
6.00- [ —medium plasticity. ss |6 17 6.00
_| (6.00 - 8.00 m) Silty GRAVEL (GM) wo x
Brown, medium dense to very dense. ss |7 > 83/27 cm 83/27om NP
wo i
8.00- SS | 8 [ 50/5cm 8.00 50/5cm !
_|| (8.00 - 8.05 m) Clayey SAND some
gravel (SC)
Brown, very dense,
10.00- fine to coarse grained. 10.00
End of boring 8.05 m
12.00- 12.00
14.00- 14.00
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out uc Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X split Spoon : Augering PP Pocket Penetrometer Test LL : Liquid Limit
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PROJECT : wwunudnmmsiiadmwduuardanilasainunudulun BORING STARTED : 26/4/2559
KRUNGTHEF | LOCATION : dnawian Souiardussa N: 19.71367 BORING COMPLETED  : 26/4/2559
G
GEQTRCHNIGUE
0. BORING NO : BH-9 TOTAL DEPTH : 11.00 m E: 99.62831 GROUND WATER LEVEL : -4.50 m
B 3 a g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
~ (e} o w | W
2 |
E SOIL DESCRIPTION 3 g ';_: 7 8 bS|PT l;lf PENETRATION STRENGTH PL Wn LL WEIGHT
8 as| U |9 (blows/ft) TEST VALUE ®@uUC @ FVT & PP —e—
e o | @ (blows/ft) (t/m?) (%) (t/m’)
0 25 50 75 100 0 1 2 3 4 0 10 20 30 40 |16 18 20 22 24
0.00. Ground Surface 0.00 . . . . . . . . . . | . . .
_| (0.00 - 8.00 m) Silty CLAY (CL) wo
Grey, brown, greyish brown, ss | 1 22 —
stiff to hard, low to medium plasticity. "e) x
2.00- SS | 2 x 10 2.00
wo i
SS | 3 10
_ wo| X
4.00- SS | 4 23 4.00
wo x
SS | 5 x 40 4 2.00
wo g
6.00- SS | 6 30 6.00 1.87
wo| X
Ss |7 22 211
, wol| X
8.00. SS | 8 x 24 8.00
_| (8.00 - 9.00 m) Sandy CLAY (CL) wo .
_|__Brown, very stiff, low plasticity. ss | 9 58 P
_| (9.00 - 10.00 m) Silty SAND trace Vo) x
10.00-] gravel (SM) Grey, very dense, ss | 10 32 10.00 NP
_|\_fine to coarse grained. WO ]
-| (10.00 - 11.00 m) Well Graded Silty Ss | 50/0 cm 50/0 cm
-[\SAND and gravel (SW-SM)
12.00- Grey, dense, fine to coarse grained. 12.00
BED ROCK
End of boring 11.00 m
14.00- 14.00
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube |:| Wash Out UC : Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X split Spoon : Augering PP : Pocket Penetrometer Test LL : Liquid Limit

n-18

sUNUIN N-18 FayanisianzdsaanmduRy BH-9 In

TRy URIINUIFVNYRASFANERS

v

UNAUN.AIULAT D.L3IAN7




L% o’
GENIREY)]

U/

S18NTUIYAUU

U

IRT958

o

FUNDUUAT TN

Auliralu

]
] 1

ANWINIHARRNTWAULURIAIUDIANLEL

=

1AS9N1S

wo 0/0G - - wo 0/0G 00y a3d 00'LL 00'LL -

e 9l 9l e NS-MS | €96 88cl €Le 8sey 0065 98'19 dN €6'8 S0l 000} 01-SS

85 9e e el NS €Lyl 0z02 2r'8e 226L v2'06 | 0000} dN GLLL Gi'6 00'6 6-SS

e vl ol 9 10 629 9v'/8 6666 | 00000L | 00°00L | 00°00L | OFOL 612 6lce G592 S8 008 8-SS

e €l 6 ol 891 Lz 10 6£'86 8566 | 0000L | 00000L | 00°00L [ 000OL | OLGL g9ce Glle [Regerd Gt 002 1-SS

o¢ 9l vl ol G5l 181 10 78'68 8.'/6 6£'66 | 00000, | 0000L | 00°00L | ¥O'9L 861 28'6e 6502 S'9 009 9-SS

or [k 6l Sl G9'L 00C 10 0z'/8 92'96 71’66 | 00000, | 00°00L | 00°00L | 6L°9L 9,02 G6'9€ €L02 Si'S 00§ G-SS

€z zl Ll oL 10 2156 0,66 | 000004 | 00°00L | 00°0OL | 0000L LIyl oL'ez 18/€ 8162 Sty 00 7SS

ol 8 4 4 10 0L'%8 0€'06 0566 | 0000, | 00°00L | 00°00L | €90 85'€C Leve €6'0€ Si'e 00'€ €-SS

ol S S 9 10 89'06 /1’86 | 000004 | 00°00L [ 00°0OL | 0000L | 292k 182 2r'se 6L¢2 Si'e 00¢ Z-SS

2z Ll Ll Ll 10 £5'88 G9'€6 €56 | 0000L | 00°00L | 00°00L 16CL zlee €9'6E 96l Sl 00t 1-SS

> pIg pug IsL (un) (wn) dnoig | 00z# 00L# Ov# OL# v# .8/€ Id d M (%) ol wol4 ‘ON

s

5 (wo/smolq)* N-LdS PA A sosn sishleuy aziS uteso (%) shwin Biaquepy UM w ‘ydsg a|dweg
1€82966 - 3 /9€LL6L N 6-Hd oN Buuog BLEPREIYLILY LLUNNBUILE : UOREOOT]

0S¥~ ¢ (W) [oAS7 Jajep punoi 6552/v/9¢ © bBuuog jo ejeq yosfoid

L] PYRLHTIULLRETI LY L BIITYMLUBYUIE LU LR UPILLETLINT

S1TNS3d 1S31 40 AYVININNS

¥

d152980 NTUAY BH-9 InUNdaun.Auzaz 9.uaia17

o

[
Y]

VBUANTILA

fa) U

-18 (

SUNUIN N

u

n-18

1Ry WA INUIFUNYATFAERS



s1eNIUITBATUANYSAL

IAsensAneINIsiRgn IwALBaIe It nwEBAL B lugLNawlaT? T TRTDesNY

PROJECT : wwunudnmmsiiadmwduuardanilasainunudulun BORING STARTED : 25/4/2559
LOCATION : dnawian Souiardussa N : 19.68779 BORING COMPLETED  : 25/4/2559
BORING NO : BH-10 TOTAL DEPTH : 13.30 m E : 99.68379 GROUND WATER LEVEL : -2.70 m
B 3 a g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
~ (e} o w | W
2 |
I:l—: SOIL DESCRIPTION 3 g ';_: 7 8 bS|PT l;lf PENETRATION STRENGTH PL Wn LL WEIGHT
8 as| U |9 (blows/ft) TEST VALUE ®uC @ FVT & PP —e—
a o |x (blows/ft) (t/m?) (%) (t/m’)
0 25 50 75 100 0 1 2 3 4 0 10 20 30 40 |14 16 18 20 22
0.00. Ground Surface 0.00 . . . . . . . . . . | . . .
_| (0.00 - 2.00 m) Silty CLAY (CL) wo
Brown, medium, low plasticity. ss |1 7
wo g
2.00. SS | 2 x 9 2.00
_| (2.00 - 3.00 m) Siity SAND (SM) wo \
- Brown, loose, fine to medium graine: ss | 3 12
_| (3.00 - 4.00 m) Pooly Graded Silty wo x
4.00-{ SAND (SP-SM) Brown, medium dense, ss | a4 17 4.00
_[, fine to coarse grained. WO x
-| (4.00 - 6.00 m) Well Graded Silty ss |5 18
_| SAND trace gravel (SW-SM) Brown, wo x
SS | 6 E 20 6.00
_| (6.00 - 8.00 m) Pooly Graded SAND WO
_| trace gravel (SP) Brown, ss | 7 12
medium dense, fine to coarse grained. WO x
8.00. 8 x 12 8.00
_| (8.00 - 12.00 m) Well Graded Silty .
_| SAND trace to some, some, and 9 13
_| gravel (SW-SM) x
10.00-|  Brown, medium dense to very dense, 10 36 10.00
fine to coarse grained. x
11 x 57
12.00: 12 = 50/15¢m | 12.00 50/15cm
_| (22.00 - 13.30 m) Silty SAND some N
_| gravel (sm) 13 ] 50/15 cm 50/15cm ¢
Brown, very dense, ]
14.00- fine to coarse grained. 14.00
End of boring 13.30 m
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube |:| Wash Out uc Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X split Spoon : Augering PP Pocket Penetrometer Test LL : Liquid Limit
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BORING LOG

PROJECT : uwunudnminsifasainwdumadrdnilasannusuduiu BORING STARTED 1 26/4/2559
KRUNGTHEF) LOCATION : @nawsian Seuiarduesa N : 19.64923 BORING COMPLETED  : 26/4/2559
GECTECHNIQUE
BORING NO : BH-11 TOTAL DEPTH : 12.45m E : 99.50963 GROUND WATER LEVEL : -5.15 m
B 2| o g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
= ol o w | u
2 |
E SOIL DESCRIPTION 3 g ']_: 2 5 SPT-N PENETRATION STRENGTH PL Wn LL WEIGHT
& os|L3|2 (blows/ft) TEST VALUE ®uUC ® FVT & PP ——e—
<
o o & (blows/ft) (t/m?) (%) (t/m?)
0 15 30 45 60 0 1 2 3 4 0 15 30 45 60 (14 16 18 20 22
0.00 Ground Surface 0.00 — —TT —_— —TT
_| (0.00 - 2.00 m) Silty SAND trace WO
_| gravel (SM) Brown, medium dense, ss 1 27 NP
fine to coarse grained. WO x
2.00. ss | 2 26 2.00 —
_| (2.00 - 3.00 m) Silty CLAY (CL) wo X
= Grey, very stiff, medium plasticity. ss | 3 6
_| (3.00 - 5.00 m) Clayey SAND (SC) WO x
4.00- Grey, very loose to loose, ss | a4 2 4.00
fine to coarse grained. wo x
SS | 5 3 b
_| (5.00 - 6.00 m) Well Graded Silty wo x
6.00-| SAND some gravel (SW-SM) Grey, ss | 6 3 6.00 |
very loose, fine to coarse grained. wo x
-| (6.00 - 7.00 m) Sandy CLAY trace to ss |7 24
_[\some gravel (CL) o) x
8.00- Grey, soft, low plasticity. ss | s 23 8.00
_| (7.00 - 9.00 m) Sandy CLAY (CL) x
_|_Grey, very stiff, low plasticity. 9 22
_| (9.00 - 10.00 m) Pooly Graded SAND x
10.00-| trace to some gravel (SP) Grey, 10 52 10.00
- “.‘ medium dense, fine to coarse grained,’’ x
| (20.00 - 12.45 m) Silty SAND and 1 55
_| gravel (SM) Grey, very dense, x
fine to coarse grained.
12.00- 12 54 12.00
X
End of boring 12.45 m
14.00- 14.00
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out UC : Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
x Split Spoon : Augering PP : Pocket Penetrometer Test LL : Liquid Limit
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PROJECT : wwunudnmmsiiadmwduuardanilasainunudulun BORING STARTED : 25/4/2559
LOCATION : dnawian Souiardussa N : 19.74342 BORING COMPLETED  : 25/4/2559
BORING NO : BH-12 TOTAL DEPTH : 14.15m E : 99.70494 GROUND WATER LEVEL : -2.60 m
B 3 a g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
~ (e} o w | W
2 |
':|_: SOIL DESCRIPTION 3 g ';_: 7 8 bS|PT l;lf PENETRATION STRENGTH PL Wn LL WEIGHT
8 as| U |9 (blows/ft) TEST VALUE ®@uUC @ FVT & PP —e—
a o |x (blows/ft) (t/m?) (%) (t/m’)
0 25 50 75 100 0 1 2 3 4 0 20 40 60 80 |14 16 18 20 22
0.00. Ground Surface 0.00 . . . . . . . . . . | . . .
_| (0.00 - 5.00 m) Sandy CLAY trace, Vo)
_| trace to some gravel (CL) ss |1 25 —
Grey, reddish brown, WO ]
2.00-|  Very stiff to hard, ss |2 g 33 2.00 —
low to medium plasticity. V) ]
sS |3 (gl 2 —
wo g
4.00- SS | 4 = 54 4.00
wo R
SS | 5 39 r—|
_| (5.00 - 7.00 m) Clayey SILT trace wo x J
6.00-| gravel (MH) ss |6 (gl 25 6.00
Red, very stiff to hard, high plasticity WO .
Ss |7 x 50/15 cm
_| (7.00 - 10.00 m) Sandy CLAY trace WO "]
8.00-| to some gravel (CL) ss| s 16 8.00
Brown, very stiff to hard, WO x
medium plasticity. ss | 9 53
X
wo i
10.00 4 SS | 10 x 14 10.00
_| (10.00 - 12.00 m) Clayey SILT trace "Ve) ~
_| gravel (MH) ss |11 35
Brown, stiff to hard, high plasticity WO x
12.00: SS | 12 x 60 12.00
_| (12.00 - 14.00 m) Sandy SILT trace wo .
_| gravel (ML) ss |13 81
Brown, hard, medium plasticity WO ]
14.00- SS | 14 g 50/15cm | 14.00 NP
_| (14.00 - 14.15 m) Silty SAND some ]
gravel (SM)
Greyish brown, very dense,
16.00- fine to coarse grained. 16.00
End of boring 14.15 m
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube |:| Wash Out UC : Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X split Spoon : Augering PP : Pocket Penetrometer Test LL : Liquid Limit
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PROJECT : uwuvudammsiindanindutialdiasainunudulun BORING STARTED : 26/4/2559
pr— LOCATION : dunawian fowiaiduesia N : 19.74404 BORING COMPLETED  : 26/4/2559
Gromie v
BORING NO : BH-13 TOTAL DEPTH : 7.00 m E : 99.66323 GROUND WATER LEVEL : -2.10 m
B - a % E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
- o o w | w
o -
E SOIL DESCRIPTION 3 g .:E i s SPT-N PENETRATION STRENGTH PL Wn LL WEIGHT
& ax|w 5 5 (blowst/ft) TEST VALUE ®uc ® FVT ¢ PP F——e—
a o |x (blows/ft) (tim?) (%) (tm’)
0 25 50 75 100 0 1 2 3 4 0 10 20 30 40 |14 16 18 20 22
0.00- Ground Surface 0.00 —— —— —_— ——
_| (0.00 - 3.00 m) Sandy CLAY (CL) wo
Greyish brown, stiff, low plasticity. ss | 1 x 11 —
R wo =
2.00- ss | 2 > < 12 2.00 ("
wo g
s§s | 3 x 17
| (3.00 - 4.00 m) siity cLAY (cL) wo s
4.00-]_Creyish brown, very stiff, low plasticity. ss | 4 > 63 4.00
_| (4.00 - 5.00 m) Clayey GRAVEL (GC) wo ]
Greyish brown. very dense. ss | 5 || 50M5cm 50/15cm —
.| (5.00 - 7.00 m) Clayey SAND trace wo ]
6.00-| gravel (SC) SS | 6 |yl 50/15cm | 6.00 50/15cm ¢ —
Greyish brown, very dense, wo i
. fine to coarse grained. sS - 1 50/0 cm 50/0 cm ¢
- BED ROCK
8.00-| End of boring 7.00 m 8.00
10.00-| 10.00
12.00-| 12.00
14.00-| 14.00
16.00-| 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00-| 30.00
- Thin Wall Tube El Wash Out UC : Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
X Split Spoon : Augering PP : Pocket Penetrometer Test LL : Liquid Limit
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PROJECT : uwusiudnmmsiiagnimdumardailasainusudulug BORING STARTED 1 24/42559
LOCATION : dnnawian feuiaidassia N : 19.80651 BORING COMPLETED  : 24/4/2559
BORING NO : BH-14 TOTAL DEPTH : 7.15m E: 99.67614 GROUND WATER LEVEL : -1.10 m
’g _ a g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
E SOIL DESCRIPTION S é g g % SPT-N PENETRATION STRENGTH PL Wn LL WEIGHT
& os| 4 <§( 9 (blows/ft) TEST VALUE @uUC ® FVT & PP ——e—
e o |x (blows/ft) (t/m?) (%) (t/m’)
0 25 50 75 100 0 1 2 3 4 0 15 30 45 60 |14 16 18 20 22
0.00- Ground Surface 0.00 T T T T T T T T T T 1 T T T
_| (0.00 - 2.00 m) Sandy SILT (ML)
Reddish brown, very stiff, 1 16 —
medium plasticity. x
2.00 2 > < 26 2.00 —
_| (2.00 - 4.00 m) Silty SAND trace to .|
_| some, some gravel (SM) 3 x 23
Brown, medium dense, ,
4.00- fine_to coarse grained. 4 > < 54 4.00 \i
_| (4.00 - 5.00 m) Pooly Graded Silty .
_| SAND and gravel (SP-SM) Brown, 5 5] 505 0m dorskm
very dense, fine to coarse grained. WO i
6.00-| (5.00 - 6.00 m) Sandy SILT trace to SS | 6 > < 50/15 cm 6.00 50/15cm ¢ NP
-|\ some gravel (ML) WO g
-] \_Brown, hard, medium plasticity. Ss | 7 > < 50/15 cm 50/15cm ¢ —
-\ (6.00 - 7.15 m) Silty GRAVEL (GM) ]
8.00-|\ Brown, very dense. 8.00
End of boring 7.15 m
10.00- 10.00
12.00- 12.00
14.00- 14.00
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out uc Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
b <4 Split Spoon : Augering PP Pocket Penetrometer Test LL : Liquid Limit
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PROJECT : ununudnmnisiinaninduiiaddiiasainusuduim BORING STARTED : 25/4/2559
LOCATION : dwnawsian feuiaidassia N : 19.78741 BORING COMPLETED  : 25/4/2559
BORING NO : BH-15 TOTAL DEPTH : 12.28 m E : 99.65978 GROUND WATER LEVEL : -5.00 m
B i o g E STANDARD UNDRAINED SHEAR ATTERBERG LIMITS TOTAL UNIT
= ol o w | w
= |
E SOIL DESCRIPTION 3 g E z 8 bSIF’T l;lft PENETRATION STRENGTH PL Wn LL WEIGHT
& os| W =9 (blows/ft) TEST VALUE @®@uUuC ® FVT & PP —e—
e o |z (blows/ft) (t/m?) (%) (tm°)
0 25 50 75 100 0 1 2 3 4 0 15 30 45 60 |14 16 18 20 22
0.00 Ground Surface 0.00 — — _ —
_| (0.00 - 3.00 m) Clayey SILT (ML) wo
Grey, red, very stiff, medium plasticity ss |1 22 —
wo| X
2.00- SS | 2 x 18 2.00
wo E
ss | 3 X 19 —
_| (3.00 - 4.00 m) Silty SAND some wo .
4.00-{ gravel (SM) ss | a >4 13 4.00 —
Red, medium dense, V) .
fine to coarse grained. ss|s x 16 w—'
-| (4.00 - 7.00 m) Sandy SILT trace to wo E
6.00-| some, some gravel (MH) sSs | 6 = 12 6.00 o—
Red, stiff to very stiff, high plasticity AW} 4
SS |7 x 19
_| (7.00 - 10.00 m) Silty CLAY trace V) .
8.00-| gravel (CL) SS |8 g 24 8.00 fe—
Grey, very stiff, medium plasticity. Ve ™
ss |9 x 29 —
wo E
10.00- ss |10 X 70 10.00 —y
_| (10.00 - 12.28 m) Clayey SILT (ML) wo \
Purple, hard, medium plasticity. ss | 11 x 50/15 cm 50/15cm —
wo R
12.00- ss |12 > < 50/13 cm | 12.00 50/13cm-§ —
End of boring 12.28 m
14.00- 14.00
16.00- 16.00
18.00- 18.00
20.00- 20.00
22.00- 22.00
24.00- 24.00
26.00- 26.00
28.00- 28.00
30.00- 30.00
- Thin Wall Tube I:l Wash Out uc Unconfined Compression Test PL : Plastic Limit
FVT : Field Vane Shear Test Wn : Natural Water Content
b <4 Split Spoon : Augering PP Pocket Penetrometer Test LL : Liquid Limit
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BH-1: Insa9u

Most Liquefiable Limit

Grain Size Distribution Curve BH-1

100 7 s m— Most Liquefiable Limit
Potentially Liquefiable Limit
S0
Potentially Liquefiable Limit
20 —.—s5-1
——55-2
. 70 —&—55-3
X
= —e—55-4
e 60
w —&—55-5
=
L g —=—55-6
[
= —#—55-7
w
2 —e—558
w
o --m--55-9
30
RN ~~#--55-10
20 RN 0y --k--55-11
‘N
g“'ﬂ-‘, --9--55-12
10
--3--55-13
0 ==(==55-14
100.000 10.000 1.000 0.100 0.010 0.001
DIAMETER (MM.)
1 [ Y @ a a
g‘dLLammqLLazaﬂwmzmﬁmmwmmaﬂmeusuamu BH-1
Assessment Liquefiable by Plasticity Chart of BH-1
& licable f
Applicable for :
- Fine content 2 20% if Pl>12% P /
- Fine content 2 35% if PI<12% -
50
M ss3
CHor OH W ossa
40 M sss
g A 556
=
= MH ar OH
E 30
]
L]
Ay CLorOL
20 -
Zone B / A \‘=
______ L " m Seed et al. (2003)
10 i
f??A_ P R A O A i or E Zone A - potentially liquefaction if W, 20.8LL
e ! oL 1 Zone B --test if W, 20.8LL
ClLor ML ' E
0 10 20 30 40 50 60 70 80 90 100

Liquid Limit

JULanINTTIAT LAY Plasticity chart Y045 BH-1.
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BH-2: IS0y

Grain Size Distribution Curve BH-2

100

90

80

70

60

50

40

PERCENT FINER (%)

30

20

10

100.000 10.000

1.000

h

0.100 0.010

DIAMETER (MM.)

m— \ost Liquefiable Limit
m— st Liquefiable Limit
Potentially Liquefiable Limit
Potentially Liquefiable Limit

—&—55-1

——55-2

—&—55-3

—e—55-4

—&—55-5

—&—55-6

—&—55-7

--8--55-9

--4--55-10

--k--55-11

~=@-=55-12

==f===55-13

==(==55-14

-=-0=-55-15

-=£1-=55-16

ol 55-17

0.001

1 [ Y @ a a
E“LILL?WN“U'NLLagaﬂHWZﬂ’]'iﬂi%R]’]EJGI'JSUENLJJGW]WUENWU BH-2

Assessment Liquefiable by Plasticity Chart of BH-2

60

Applicable for :
- Fine content 220% if Pl>12%

g | Fine content 235% if Pl<12%

Plastoc Index
i Y
o o

]
=]

|
CloroOL

e ———————

30 40 50

Liquid Limit

1Asen1sAnwINIsiRgnwALUaIA It nwE LA B lugLNowlaT? T TRTDesIY

60

-
W s
M 552
M 553
W 55
A 555
4 556
MH or OH
Seed et al. (2003)
Zone A -- potentially liquefaction if W, 20.8LL
Zone B --test if W, 20.8LL
70 80 90 100

JULARINTIATI9LAY Plasticity chart Y095 BH-2.
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BH-3: Insau

Grain Size Distribution Curve BH-3

m—— [V]0st Liquefiable Limit

100 e V05t Liquefiable Limit
%0 Potentially Liquefiable Limit
Potentially Liquefiable Limit
80 —&—SS-1
——55-2
70
;\B. —&—55-3
o 60 —e—55-4
w
= ——555
: 50
——SS-6
=
S 40 ——55-7
&
o —6—S5-8
30
--M--55-9
20 --#==-55-10
--&=--55-11
10 --@--55-12
0 --=--55-13
100.000 10.000 1.000 0.100 0.010 0.001
DIAMETER (MM.)
1 o v o o Y @ a a
E‘ULLﬁﬂ\‘]“U’NLLauaﬂUmuﬂ’ﬁﬂiu‘ﬂ']ﬂ@]’m@flm@@lu%@ﬂﬂu BH-3
Assessment Liquefiable by Plasticity Chart of BH-3
60
Applicable for : -
- Fine content 2 20% if Pl>12% oo
- Fine content 235% if Pl<12%
50 M ss2
CHor OH M ssa
40 M sss
-
B
=
2 MH or OH
E 30
2 l
&~ CLoroOL
20
Zone B
""""""""""" Seed et al. (2003)
10
ioneA Zone A -- potentially liquefaction if W, 20.8LL
= Zone B --test if W, 20.8LL
CLor ML
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit

JULERINTIATIYlag Plasticity chart ¥@eAu BH-3
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BH-4: Yaunaay

Grain Size Distribution Curve BH-4

s MOt Liquefiable Limit

100
= Most Liquefiable Limit
90 Potentially Liquefiable Limit
30 Potentially Liquefiable Limit
—8—551
— 70
< ——552
g 60 —&— 553
=
T s —e—554
-
= —=—55-5
3 40
[ ——556
w
e 30 ——557
20 —6—558
--@--559
10
--#--5510
0 —-k--5511
100.000 10.000 1.000 0.100 0.010 0.001
DIAMETER (MM.)
1 [y Y @ _a a
E‘ULLﬁ(ﬂ\‘i“(ﬂ\‘iLLagaﬂUmgﬂ’liﬂigf\ﬂﬂ@’m@QLM@@IU“U@Q@‘U BH-4
Assessment Liquefiable by Plasticity Chart of BH-4
60

Applicable for :
- Fine content 220% if Pl>12%
50 |- Fine content 235 % if Pl<12%
/ CHor OH/
40 |~ /
30 // /
20 ~ & -

MH or OH

Plastoc Index

Zone B W CLorOL h
/
10 [Zomed T 7 I ML Seed et al. (2003)
I S I B | — or Zone A -- potentially liquefaction if W, 20.8LL
e e = —> oL Zone B -- test if W, 20.8LL
ClLor ML
0
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit

sULARINTIATIeNlag Plasticity chart Y045y BH-4
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BH-5: 159158 UUUAUIN1D4

Grain Size Distribution Curve BH-5

== Most Liquefiable Limit

%,

2
=]
v

1

4
L]
m

Plastoc Index

100 e Most Liquefiable Limit
Potentially Liquefiable Limit
2 Potentially Liquefiable Limit
80 —m—ss1
——55-2
— 70 —&— 553
X
<~ —e—s554
o 60
] —F—555
=2
o 50 —4—55-6
E —s—557
O —=—s58
o
] --m--559
o
30 --4--5510
20 --A--5511
—e S512
10 - F=5513
0
100.000 10.000 1.000 0.100 0.010 0.001
DIAMETER (MM.)
1 v Y @ a a
EULL?{@IQGU'NLLaSﬁﬂ‘Umg ANTATLINURIVDIUAAUYDIAUY BH-5
Assessment Liquefiable by Plasticity Chart of BH-5
60

Applicable for :
- Fine content 220% if PlI>12%
50 | Fine content 235% if Pl<12%
CHorOH
W st

40 r M ss2

/ / M ss2
MH or OH

30 / /

20 ~

Zone B | / CLorOL N
10 ZoneA B 7 =7 ML Seed et al. (2003)
_—e - == _ or Zone A -- potentially liquefaction if W, 20.8LL
e = — oL Zone B --test if W. 20.8LL
CLor ML
0
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit

JULARINTIAT LAY Plasticity chart 995U BH-5
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BH-6: UNUdunukan

Grain Size Distribution Curve BH-6

= Most Liquefiable Limit

100 e Most Liquefiable Limit
Potentially Liquefiable Limit
90 Potentially Liquefiable Limit
—&—S5-1
80 ——55-2
—&—S5-3
_. 70 —e—55-4
O
s —5—555
o 60
[T —&—355-6
= —a—s57
4 50
— ——55-8
E --m--559
2 40 --#--55-10
Ll
a --k--55-11
30
--8--55-12
--8--55-13
20
-=0=-55-14
10 --0--55-15
--p--55-16
0 o §5-17
100.000 10.000 1.000 0.100 0.010 0.001
DIAMETER (MM.)
1 [y Y @ a a
E‘ULLﬁ@Q“U'NLL@Z@ﬂ‘L‘JﬂASﬂ’ﬁﬂi%ﬁ]’]ﬂ@’J“U@{ILSJ@@I"LJGUENWJ BH-6
Assessment Liquefiable by Plasticity Chart of BH-6
& licable fa
Applicable for :
- Fine content > 20% if Pl>12% - ~
- Fine content 235 % if PI<12%
50
W ss2
CHor OH Hssa
40 M sss
Z A 559
-]
£ MH or OH A 5510
30
H A ss11
Z
-]
= ] CLorOL 4 512
® 5513
Seed et al. (2003)
Zone A -- potentially liquefaction if W. 20.8LL
ZoneB --test if W, 20.8LL

0 10 20 30 40 50 60 70 80 90 100

Liquid Limit

sULERINTIAT LAY Plasticity chart ¥04AU BH-6
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PERCENT FINER (%)

100
90
80
70
60
50
40
30
20
10
0
100.000
60
50
40
g
=
]
§ 30
E
=
20
10

BH-7: Yududuiig

Grain Size Distribution Curve BH-7

10.000 1.000

DIAMETER (MM.)

0.100

m— Most Liquefiable Limit

—.— 551
——552
—a— 553
—e—s5-4
—5—55-5
——55-6
—a—55-7
——55-8
--m--55-9
--#--55-10
--&--55-11
--@--55-12
--3--55-13
-=0==55-14
--0==55-15
--p==55-16

sUkansTLasanBEN1INSTFIveinAuYedAY BH-7

Assessment Liquefiable by Plasticity Chart BH-7

Applicable for :
- Fine content 2 20% if Pl>12%
- Fine content 2 35% if Pl<12%
Ama
Zone B
Zone A
o~ T T T
0 10 20 30 40

CHorGH

MH or OH

Most Liquefiable Limit

Seed et al. (2003)

Zone A -- potentially liquefaction if W, 20.8LL
Zone B -- test if W, 20.8LL

50 60
Liquid Limit

70 80

EULLammﬁLm’lzﬂma Plasticity chart ¥a3au BH-7

TRy WRIINUIFUNYASAETRS

Potentially Liquefiable Limit

Potentially Liquefiable Limit

s
W ss2
W ssa3
Hsss
A 556
A 557
A 558
A ss9
® 5511
® 5512

® 5513

100

gt

-7

v
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BH-8: Wwaunginagy (awiaiuvan)

Grain Size Distribution Curve BH-8

—— Most Liquefiable Limit

100
= Most Liquefiable Limit
90
Potentially Liquefiable Limit
80
Potentially Liquefiable Limit
— 70
= —m—55-1
E 60
—4—55-2
=
Y s0
[ —&—55-3
=
w
g 40 —e—55-4
w
o
30 —5-555
20 —&—55-6
10 \ —tS5-7
0 g —e—55-8
100.000 10.000 1.000 0.100 0.010 0.001

DIAMETER (MM.)

1 (Y] Y @ a a
E‘IJLLﬁ(ﬂ\‘iGU'NLLagaﬂUmgﬂqﬁﬂﬁg"\ﬂﬂ@’m@QL@J@@]usﬂﬁﬂﬂu BH-8

Assessment Liquefiable by Plasticity Chart BH-8

Applicable for :
- Fine content 2 20% if Pi>12%
- Fine content > 35% if Pi<12%

50
CHor OH
40 W ss2
] "
- 53
E MH or OH -
554
E 30
H A 555
B A 56

B L] Py A 558
Zone B CloroL b
H

Seed et al. (2003)
Zone A -- potentially liquefaction if W, 20.8LL
Zone B —test if W, 20.8LL

S
¥
: 3
‘b
[
=
‘\
=R

0 !
0 10 20 30 40 50 60 70 80 90 100

Liguid Limit

JULARINTTIATIENLAY Plasticity chart ¥9eAU BH-8
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PERCENT FINER (%)

100

20

80

70

60

50

40

30

20

10

0

100.000

Plastoc Index

60

50

40

30

20

10

BH-9: yuwulUsyitlas (nyununuas)

Grain Size Distribution Curve BH-9

10.000 1.000 0.100
DIAMETER (MM.)

—&—55-1
—+—55-2
—&—55-3
—e— 554
—=—55-5
—¢—55-6
—~—55-7
—e—55-8
--l--55-9

--4--55-10

JULANITIMATAN BrN1INIEEfIveliniuresiu BH-9

Assessment Liquefiable by Plasticity Chart BH-9

Most Liquefiable Limit
Most Liquefiable Limit
Potentially Liquefiable Limit

Potentially Liquefiable Limit

Applicable for :
- Fine content = 20% if Pl>12% ~ /
- Fine content 2 35% if Pl<12% P
M ss2
H
CHor O B sss
W ossa
4 555
MH or OH i ss6
A 557
A 558
CLorOL Y
Zone B - A/./‘/. /
ML i
Zone A e - E i Seed et al. {ZUDS_} ) o
e e H or ! Zone A -- patentially liquefaction if W. 20.81L
| = =TIy r—rrr——rr——r——r 1 oL 1 Zone B —test if W, 20.8LL
CLor ML i !
i
0 10 20 30 40 50 €0 70 80 90 100
Liquid Limit

JULERINTIATIElag Plasticity chart ¥aeAU BH-9
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100
90
80
= 70
X
o
& s0
=
L 50
'_
=
G 4o
o
w
o 30
20
10
0
100.000
60
50
40
b
=
E
2 30
E
B
20
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BH-10: 159L58UUUNS18V12

Grain Size Distribution Curve BH-10

10.000 1.000

0.100

DIAMETER (MM.)

m—— [\/|0st Liquefiable Limit

= Most Liquefiable Limit

—a—55-1
——55-2
—&—55-3
—e—55-4
—=—1S55-5
—e—155-6
—&—55-7
—&—55-8
- W -559
--¢--55-10
--&--55-11
————— §5-12
--49--55-13

1 [ Y @ a a
E“LILL?WN“U'NLLagﬁﬂ‘lﬂmgﬂ’]iﬂizﬁl’]ﬁmfmaﬂLJJGW]WUENWLA BH-10

Assessment Liquefiable by Plasticity Chart BH-10

Applicable for :
- Fine content 2 20% if Pi>12%
- Fine content 2 35% if Pl<12%

Zone B / CLor D/
.
) - |
Lo I S O L. |
I P I ! oL
CLor ML :
0 10 20 30 40

50

Liquid Limit

CHorQH

MH or OH

1Asen1sAnwINIsiRgnwALUaIA It nwE LA B lugLNowlaT? T TRTDesIY

Potentially Liquefiable Limit

Potentially Liquefiable Limit

Seed et al. (2003)
Zone A -- potentially liquefaction if W, 20.8LL
ZoneB--test if W, 20.8LL

60

70 80 90

sULanINTTIATINLAY Plasticity chart ¥@9Au BH-10

LA INUIRUNYATAERS

100



s1euITeaduanysal

IAsensAneInNIsiRgnwALKaIs o nwe LA K lugLNowLa17 TR TATDeSY

PERCENT FINER (%)

2
=]
v

4
L]
m

BH-11: 90N12L4AUIUNS

Grain Size Distribution Curve BH-11

= Most Liquefiable Limit

100 = Most Liquefiable Limit
90 Potentially Liquefiable Limit
Potentially Liquefiable Limit
80
——S5-1
70 —+—SS-2
—&—SS-3
60
—e—55-4
50 —=—55-5
40 ——55-6
—r— 55-7
30 —&—SS-8
20 --m--55-9
--#--55-10
10
--&=--55-11
0 --@--55-12
100.000 10.000 1.000 0.100 0.010 0.001
DIAMETER (MM.)
1 v Y <@ a a
EﬂLLﬁﬂ\‘]“U’NLLﬁSﬁﬂUﬂAS A1SNITANYFIVDUUAAUYDIAY BH-11
Assessment Liquefiable by Plasticity Chart BH-11
60
Applicable for :
- Fine content 2 20% if Pi>12%
50 | Fine content 235% if Pl<12%
CHor OH .
40 W s
<
= W s
= MH or OH
2 30 W sss
Z 4 556
= & 557
20 = A
Zone B u / CloroL ~y 558
H
- L 7 Mt Seed et al. (2003)
10 ZomeA T — 1 —— u e Zone A - potentially liguefaction if W, >0.8LL
el — H oL i Zone B - test if W, 20.8LL
i
cLormL ! i
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit

sULERINTIAT LAY Plasticity chart ¥@9Au BH-11
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BH-12: 159t38ULkdianinanay

Grain Size Distribution Curve BH-12

= Most Liquefiable Limit

100 = Most Liquefiable Limit
Potentially Liquefiable Limit
90
Potentially Liquefiable Limit
20 ——551
——5S5-2
1 —a—553
X
= —e—s5-4
o 60
w —&—SS-5
=
W 5o ——SS-6
[
=4 —r—55-7
L
2 » —e—55-8
4N ]
o --m--55-9
30
--4--55-10
20 --A--585-11
--@--55-12
10
--E--55-13
o & -=0=-55-14
100.000 10.000 1.000 0.100 0.010 0.001

DIAMETER (MM.)

1 [y Y @ a a
E‘ULLﬁﬂﬂsﬁ’NLLagaﬂMNZﬂ’]iﬂi%‘ﬂ’]ﬂm’maﬂLN@@UGUENWN BH-12

Assessment Liquefiable by Plasticity Chart BH-12

Applicable for s
- Fine content 220% if PI>12% s
- Fine content > 35% if Pl<12% =
50 s
CHer OH s
40 A sss
, i sse
-
= MHor OH A s
g 30 A s
2 .
& ® 559
20 ' ® 5510
gone8 1 ® 5511
= i
" ® 5512
10 ZoneA ' Seed et al. (2003)
A N I AR AN WU ) Zone A - potentially liquefaction if W, 20.81L o s
...................... i i Zone B test if W, 20.8LL
CLorML 1 '
0 ! !
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit

JULARINTIATIMilae Plasticity chart ¥99Au BH-12
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BH-13: auuLdy 118

Grain Size Distribution Curve BH-13

Most Liguefiable Limit

Liquid Limit

100 = Most Liquefiable Limit
%0 Potentially Liquefiable Limit
Potentially Liquefiable Limit
80 —a—s51
__ 70 ——55-2
3\°r —&—55-3
c 60 —e—554
=
T s —B—55-5
E —o—S55-6
i
Q 40 ——55-7
o
w —_—
& 3
m--
20 ———
——A--
10
——e--
0 R
100.000 10.000 1.000 0.100 0.010 0.001
DIAMETER (MM.)
1 [ Y @ a a
EULLEIGNGU’NLLaSﬁﬂ‘Umg ANTATEANYURAIVDIUAAUVDIAUY BH-13
Assessment Liquefiable by Plasticity Chart BH-13
60
Applicable for :
- Fine content 2 20% if PI>12%
50 |- Fine content 235 % if Pl<12%
/ CHor O%Ss-l
a: % L W ss2
< W ss3
£ MH or OH
v 30 M ss4
]
g / / A ss5
-
20 ) / A $56
Zone B / CLorOL
A ‘--./ ML Seed et al. (2003)
T i_ __________ or Zone A -- potentially liquefaction if W, 2
— s e — s m— o — OL OSLL
0 CLor ML Zone B -- test if W, 20.8LL
0 10 20 30 40 60 70 80 90 100

JULERINTIAYilag Plasticity chart ¥@eAiu BH-13
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BH-14: 159t5aulUaunsanen

Grain Size Distribution Curve BH-14

Most Liquefiable Limit

100 = Most Liquefiable Limit
90 Potentially Liquefiable Limit
Potentially Liquefiable Limit
80 —-—s51
__ 70 —e—s5-2
S —&—55-3
& 60 —e—s54
z —&—555
% 50
E —&—55-6
I}
O 40 ——55-7
&
——
8 3
HREF!
20 #REF!
HREF!
10
#REF!
0 -
100.000 10.000 1.000 0.100 0.010 0.001

DIAMETER (MM.)

1 [ U @ a a
E‘ULLﬁﬂﬂ“U’NLLagaﬂngﬂ’]iﬂiz‘ﬂ’]ﬂ(ﬂ’maﬂLQJGWTL!GU’EN@‘N BH-14

Assessment Liquefiable by Plasticity Chart BH-14

60
Applicable for :
- Fine content 220% if Pl>12%
50 | - Fine content 235 % if Pl<12% N ss1 ||
CHor OH L
40 M ss3
- M sss

/ / MH or OH A7
30

N . / | :
Zone B | | CLoroL ~
[ O]

Plastoc Index

10 Zomea I prd ML Seed et al. (2003)
I A I (U A I — or Zone A - potentially liquefaction if W, 20.8LL
e = = = — / oL Zone B - test if W, 20.8LL
CLor ML
0
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit

sULanINNIAT 1LY Plasticity chart ¥@edu BH-14
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PERCENT FINER (%)

100

90

80

70

60

50

40

100.000

BH-15: annsaliasangiiloy n.lUauns

Grain Size Distribution Curve BH-15

10.000

i

1.000 0.100 0.010 0.001
DIAMETER (MM.)

m—— |\0st Liquefiable Limit
= |lost Liquefiable Limit
Potentially Liquefiable Limit

Potentially Liquefiable Limit

—&—55-1
——55-2
—&— 55-3
—&—55-4
—&—55-5
—&—55-6
——55-7
—e—55-8
--l--55-9
--#--55-10
--&--55-11
--@--55-12
===--55-13

1 v Y R a a
E‘ULLﬁﬂx‘IGU’NLL’dBﬁﬂUm%ﬂ’ﬁﬂi%ﬂ']ﬂm’m@ﬂm&mu%@\‘]ﬂu BH-15

Plastoc Index

60

50

40

30

20

10

Assessment Liquefiable by Plasticity Chart BH-15

Liquid Limit

Applicable for : M ssa
- Fine content 220% if Pl>12%
- Fine content 235 % if Pl<12% P
M o552
CH or OH Hosss
A 555
rd
A 556
MH or OH A S57
A 558
‘. ® 559
P
Llor oL > ® 5510
Zone B or
.$ ® 5511
oo 7 7 M Seed et al. (2003) ® s5.12
LONeA . . . . [ .
I N N S _ L Zone A -- potentially liquefaction if W,
e e e or 208LL
CLor ML oL Zone B - test if W, 20.8LL
0 10 20 30 40 50 60 70 80 90

100

sULARINTTIATIeNLAY Plasticity chart 9095 BH-15
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M13197 ¥-1 uaasasUnan1sUsEliun1siin Liquefaction 989 BH-1

1Asen1sAnwINIsiRgnwALUaIA It nwE LA B lugLNowlaT? T TRTDesIY

Depth | USCS Distribution FC % Corrected Plasticity Liquid Limit | Liquefaction

(m) of soil (%) Clay SPT Index (LL) Susceptibility

(P1)

0-1 SM Gap 26.33 30 Potentially Liquefiable

1-2 CH - 70.94 10 24.29 52.46 Non Liquefiable

2-3 CH - 93.78 14 23.70 51.12 Non Liquefiable

3-4 CH - 95.55 9 25.09 53.66 Non Liquefiable

4-5 CH - 95.15 11 23.66 50.43 Non Liquefiable

5-6 CL - 90.58 6 16.90 38.57 Potentially Liquefiable

6-7 SM Uniform 28.92 21 Liquefiable

7-8 SM Uniform 23.47 24 Liquefiable

89 M Uniform 14.28 31 Liquefiable

9-10 SM Gap 13.14 14 Potentially Liquefiable
10-11 SM Uniform 22.19 49 Liquefiable

11-12 SM Gap 16.18 51 Potentially Liquefiable
12-13 SM Uniform 13.62 57 Potentially Liquefiable
13-14 SM Uniform 15.41 68 Potentially Liquefiable

A15197 ¥-2 uaasasunan1sUsEliun1siia Liquefaction Y89 BH-2.

Depth | USCS Distribution FC % Corrected Plasticity Liquid Limit | Liquefaction

(m) of sail (%) Clay SPT Index (LL) Susceptibility

(PI)

0-1 CL - 64.52 21 18.89 41.50 Potentially Liquefiable

1-2 CL Gap 50.44 16 26.57 40.67 Liquefiable

2-3 CL - 85.60 8 20.41 44.92 Non Liquefiable

3-4 CL - 81.21 12 28.92 48.75 Non Liquefiable

4-5 CL - 72.16 7 23.44 49.46 Non Liquefiable

5-6 SM - 3591 9 17.08 43.56 Potentially Liquefiable

6-7 SM Uniform 21.68 10 Liquefiable

7-8 (SM) - 15 Non Liquefiable

89 SM Uniform 22.65 22 Liquefiable

9-10 SM Gap 13.73 35 Potentially Liquefiable
10-11 M Uniform 17.98 57 Liquefiable
11-12 SM Uniform 14.87 39 Potentially Liquefiable
12-13 SM Uniform 13.82 46 Potentially Liquefiable
13-14 SM Uniform 20.99 30 Liquefiable
14-15 SM Uniform 12.29 62 Potentially Liquefiable
15-16 SM Gap 14.36 50/6" Potentially Liquefiable
16-17 SM Gap 12.12 85 Potentially Liquefiable

U-16

TRy URIINVAUNYRATFAERS
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M13197 9-3 uansazunan1sUseEiunsiina Liquefaction ¥a9 BH-3.

Depth USCs Distribution FC % Corrected Plasticity Index Liquid Limit | Liquefaction

(m) of soil (%) Clay SPT (PI) (LL) Susceptibility

0-1 CL - 7294 10 17.99 44.03 Potentially Liquefiable

1-2 CL - 78.54 10 19.89 45.36 Non Liquefiable

2-3 CH - 81.13 6 24.70 51.22 Non Liquefiable

3-4 CH - 82.67 5 25.28 52.67 Non Liquefiable

4-5 SM Uniform 40.17 4 Liquefiable

5-6 SM Uniform 18.05 18 Liquefiable

6-7 SM Uniform 12.03 24 Liquefiable

7-8 SM Uniform 23.80 28 Liquefiable

8-9 SM Uniform 23.08 a6 Liquefiable

9-10 M Gap 15.22 32 Potentially Liquefiable
10-11 SM Uniform 15.27 57 Liquefiable
11-12 SM Gap 12.86 84 Potentially Liquefiable
12-13 SM Uniform 13.12 81 Potentially Liquefiable

M13199 ¥-4 uaasasUuNan1sUsEliun1siin Liquefaction ¥a9 BH-4.

Depth USCs Distribution FC % Corrected Plasticity Index Liquid Limit | Liquefaction
(m) of soil (%) Clay SPT (PN (LL) Susceptibility
0-1 SM well 40.25 10.21 7 Non Liquefiable
1-2 ML - 90.94 2 16.48 47.51 Potentially Liquefiable
2-3 ML - 71.61 5 14.13 41.44 Potentially Liquefiable
3-4 ML Gap 54.18 29.34 8 20.07 47.80 Non Liquefiable
4-5 GM - 8 Non Liquefiable
5-6 GM Gap 40.41 6 8.90 46.26 Potentially Liquefiable
6-7 ML - 86.67 11 10.80 48.98 Potentially Liquefiable
7-8 ML - 79.64 19 19.88 48.29 Potentially Liquefiable
8-9 ML - 86.76 50/15 cm 21.24 49.96 Non Liquefiable

9-10 SM Gap 23.29 5.39 50/14 cm Non Liquefiable

10-11 GM - 19.73 50/15 cm Non Liquefiable
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M15197 ¥-5 uaavasunan1sUsEliunsiin Liquefaction ¥a9 BH-5.

1Asen1sAnwINIsiRgnwALUaIA It nwE LA B lugLNowlaT? T TRTDesIY

Depth Uscs Distribution FC % Corrected | Plasticity Index | Liquid Limit | Liquefaction
(m) of soil (%) Clay SPT (PN (LL) Susceptibility
0-1 CcL Well 53.22 18.56 36 7.46 28.03 Potentially Liquefiable
1-2 SC Well 43.38 40 17.31 41.48 Potentially Liquefiable
2-3 SC Well 43.40 18.72 34 10.56 31.94 Potentially Liquefiable
3-4 SM Uniform 17.28 10 Potentially Liquefiable
4-5 SM Uniform 2191 8.36 21 Liquefiable
5-6 SM Gap 33.23 11.63 a7 Liquefiable
6-7 GW-GM Gap 10.07 57 Non Liquefiable
7-8 SM Gap 18.23 89 Non Liquefiable
8-9 GM Uniform 12.97 17 Potentially Liquefiable
9-10 SM - 24 Non Liquefiable
10-11 (SM) - a4 Non Liquefiable
11-12 SM Uniform 14.47 54 Liquefiable
12-13 SM Gap 21.89 50/15 cm Non Liquefiable
13-14 SM 50/10 cm Non Liquefiable
Gl’li’]\‘i‘ﬁ V-6 LLﬁﬂ\‘iﬁ?“UNaﬂqﬁﬂimﬁuﬂqil’ﬁﬂ Liquefaction ¥@4 BH-6.
Depth UScs Distribution FC % Corrected | Plasticity Index | Liquid Limit | Liquefaction
(m) of sail (%) Clay SPT (PN (LL) Susceptibility
0-1 ML Gap 70.30 29.17 13 11.71 36.74 Non Liquefiable
1-2 ML Gap 76.19 31.51 5 13.12 40.98 Non Liquefiable
2-3 ML Gap 53.25 19.28 5 391 31.31 Liquefiable
3-4 SW-SM Gap 5.90 18 Potentially Liquefiable
4-5 SW-SM Uniform 11.31 19 Potentially Liquefiable
5-6 SP-SM Uniform 10.79 8 Liquefiable
6-7 CL Gap 40 Liquefiable
7-8 CL Well 54.93 33.57 13 22.72 46.08 Non Liquefiable
8-9 SC Gap 32.18 16.47 11 19.36 3991 Liquefiable
9-10 ML - 82.64 17 19.93 48.63 Non Liquefiable
10-11 ML - 87.72 22 10.36 45.29 Non Liquefiable
11-12 ML - 93.04 28 20.80 49.79 Non Liquefiable
12-13 ML - 77.15 26 10.96 37.73 Non Liquefiable
13-14 SM Gap 16.36 a1 Potentially Liquefiable
14-15 SM Uniform 12.05 58 Liquefiable
15-16 SM Gap 15.12 61 Potentially Liquefiable
16-17 SM Uniform 11.99 66 Liquefiable
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M13197 2-7 uansazunan1sUsiiunsiina Liquefaction ¥a9 BH-T.

Depth USCs Distribution FC % Corrected Plasticity Index Liquid Limit | Liquefaction
(m) of soil (%) Clay SPT (PN (LL) Susceptibility
0-1 CL Gap 60.11 28.98 14 12.28 27.19 Potentially Liquefiable
1-2 CL - 51.38 15 10.34 28.36 Potentially Liquefiable
2-3 SC Gap 36.79 21.27 a4 16.37 34.76 Potentially Liquefiable
3-4 (SO - 6 Non Liquefiable
4-5 CL - 71.47 8 24.54 45.82 Non Liquefiable
5-6 CH Gap 64.51 43.79 17 26.56 50.19 Non Liquefiable
6-7 CH - 70.15 23 25.47 51.81 Non Liquefiable
7-8 SM - 47.59 39 20.88 49.34 Non Liquefiable
8-9 SM - 41.21 55 16.89 46.24 Potentially Liquefiable
9-10 (ML) - 11 Non Liquefiable
10-11 ML Gap 66.81 24.41 25 15.43 45.62 Potentially Liquefiable
11-12 ML - 68.01 21 14.06 43.56 Potentially Liquefiable
12-13 ML - 70.56 46 15.54 43.43 Potentially Liquefiable
13-14 SM Gap 48.30 15.92 51 Non Liquefiable
14-15 SM - 46.45 53 Non Liquefiable
15-16 SM - 50.05 52 Non Liquefiable

M13199 ¥-8 uaasasUNan1sUsEliunsiin Liquefaction ¥a9 BH-8.

Depth USCs Distribution FC % Corrected Plasticity Index Liquid Limit | Liquefaction

(m) of soil (%) Clay SPT (PI) (LL) Susceptibility

0-1 ML Gap 64.00 24.44 15 10.84 34.89 Potentially Liquefiable
1-2 ML Gap 53.91 10 15.22 44.14 Potentially Liquefiable
2-3 ML - 71.24 36.43 24 16.20 42.50 Potentially Liquefiable
3-4 CL - 57.02 24 19.30 43.03 Potentially Liquefiable
4-5 CL Gap 58.83 30.11 11 14.54 38.51 Potentially Liquefiable
5-6 GM - 34.70 17 15.70 41.63 Potentially Liquefiable
6-7 GM - 22.98 83/27 cm -

7-8 SC - 34.23 50/5 cm 11.22 33.68 Potentially Liquefiable
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M19197 ¥-9 uaavazUNan1sUsEliunsiAn Liquefaction Y89 BH-9.

1Asen1sAnwINIsiRgnwALUaIA It nwE LA B lugLNowlaT? T TRTDesIY

Depth UScs Distribution FC % Corrected | Plasticity Index Liquid Limit | Liquefaction
(m) of soil (%) Clay SPT (PI) (LL) Susceptibility
0-1 CL - 88.53 22 12.91 35.63 Potentially Liquefiable
1-2 CL - 90.68 10 12.62 35.42 Potentially Liquefiable
2-3 CL - 84.70 25.64 10 10.63 34.21 Potentially Liquefiable
3-4 CL - 95.72 23 14.71 37.81 Potentially Liquefiable
4-5 CL - 87.20 40 16.19 36.95 Potentially Liquefiable
5-6 CL - 89.84 30 16.04 35.82 Potentially Liquefiable
6-7 CL - 98.39 22 15.10 37.75 Potentially Liquefiable
7-8 CL - 62.79 15.02 24 10.40 32.19 Potentially Liquefiable
8-9 SM Uniform 14.73 3.69 58 NP Liquefiable
9-10 SW-SM Gap 9.63 32 NP Potentially Liquefiable
10-11 Rock 50/0 cm

A15197 ¥-10 uanesEsUNan1sUsiiunsiiia Liquefaction was BH-10.

Depth USCS Distribution FC % Corrected Plasticity Index Liquid Limit | Liquefaction
(m) of soil (%) Clay SPT (PN (LL) Susceptibility
0-1 CL - 79.27 22.66 7 9.98 30.59 Potentially Liquefiable
1-2 SM Uniform grade | 23.70 5.24 9 Liquefiable
2-3 SP-SM | Uniform grade 5.20 - 22 Liquefiable
3-4 SW-SM Well grade 8.56 - 17 Potentially Liquefiable
a-5 SW-SM Well grade 11.00 2.07 18 Potentially Liquefiable
5-6 SP - - - 20 Liquefiable
6-7 SP Uniform grade 5.50 - 12 Liquefiable
7-8 SW-SM | Uniform grade 6.80 - 12 Liquefiable
8-9 SW-SM Well grade 5.45 1.20 13 Potentially Liquefiable
9-10 SW-SM | Uniform grade | 11.71 - 36 Potentially Liquefiable
10-11 SW-SM - 7.76 - 57 Non Liquefiable
11-12 SP Well grade 34.05 8.61 100 Non Liquefiable
12-13 SP - 13.41 - 100 Non Liquefiable
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M99 U-11 uaasazuNan1sUsEliunsiin Liquefaction ¥a9 BH-11.

gt

\:
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Depth USCs Distribution FC % Corrected | Plasticity Index Liquid Liquefaction
(m) of soil (%) Clay SPT (PI) Limit Susceptibility
(LL)
0-1 SM Well 35.92 10.27 27 Non Liquefiable
1-2 CL - 84.95 26 17.98 40.15 Potentially Liquefiable
2-3 SC Gap 44.76 14.25 6 11.85 26.56 Potentially Liquefiable
3-4 SC well 54.45 15.54 2 9.25 29.78 Potentially Liquefiable
4-5 SW-SM - 8.00 3 4.15 21.15 Potentially Liquefiable
5-6 CL Well 54.94 17.50 3 12.64 29.41 Potentially Liquefiable
6-7 CL Gap 64.10 16.21 24 12.43 31.06 Potentially Liquefiable
7-8 CL Gap 57.41 12.60 23 12.76 32.62 Potentially Liquefiable
8-9 SP Uniform 2.49 22 Potentially Liquefiable
9-10 SM Gap 9.28 52 Potentially Liquefiable
10-11 SM Uniform 13.36 55 Potentially Liquefiable
11-12 SM Uniform 12.64 54 Potentially Liquefiable
151971 U-12 uansdsUNan1sUssliunisiia Liquefaction va9 BH-12.
Depth USCS Distribution FC % Corrected Plasticity Index Liquid Liquefaction
(m) of sail (%) Clay SPT (PI) Limit Susceptibility
(LL)
0-1 CL - 63.05 25 14.34 33.64 Potentially Liquefiable
1-2 CL Gap 49.83 30.38 33 18.95 43.77 Potentially Liquefiable
2-3 CL - 54.06 22 21.95 48.57 Non Liquefiable
3-4 CL Gap 66.53 33.01 54 11.25 31.33 Potentially Liquefiable
4-5 MH - 86.33 39 27.85 59.16 Non Liquefiable
5-6 MH - 82.07 25 22.21 55.81 Non Liquefiable
6-7 CL - 68.61 50/15 cm 15.30 40.68 Potentially Liquefiable
7-8 CL - 72.95 16 20.41 47.71 Non Liquefiable
8-9 CL - 54.95 53 21.04 47.99 Non Liquefiable
9-10 MH Gap 71.98 28.57 14 23.58 62.56 Non Liquefiable
10-11 MH - 82.75 35 21.93 51.13 Non Liquefiable
11-12 ML - 59.76 60 16.74 48.77 Potentially Liquefiable
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M15197 ¥-13 waneaTUNaNTIsUsEUNISIAR Liquefaction was BH-13.

1Asen1sAnwINIsiRgnwALUaIA It nwE LA B lugLNowlaT? T TRTDesIY

Depth USCs Distribution FC % Corrected Plasticity Index Liquid Limit | Liquefaction

(m) of soil (%) Clay SPT (PI) (LL) Susceptibility

0-1 CL - 74.85 11 7.55 25.04 Potentially Liquefiable
1-2 CL Gap 59.84 | 24.82 12 10.19 26.49 Potentially Liquefiable
2-3 CL - 82.16 17 12.35 27.85 Potentially Liquefiable
3-4 GC Gap 34.62 63 10.73 29.60 Potentially Liquefiable
4-5 SC Gap 46.70 14.77 50/15 cm 10.48 24.85 Potentially Liquefiable
5-6 SC Well 40.75 15.52 50/15 cm 8.66 23.07 Potentially Liquefiable
6-7 Rock 50/0 cm

A13799 ¥-14 uaasagUNan1sUTEUNISAN Liquefaction ¥as BH-14.

Depth USCS Distribution FC % Corrected | Plasticity Index | Liquid Limit | Liquefaction

(m) of soil (%) Clay SPT (PN (LL) Susceptibility

0-1 ML Gap 59.31 28.51 16 17.23 36.89 Potentially Liquefiable
1-2 SM Gap 50.56 25.81 26 14.14 38.12 Potentially Liquefiable
2-3 SM Gap 46.61 20.90 23 14.37 39.86 Potentially Liquefiable
3-4 SP-SM Gap 7.27 54 Potentially Liquefiable
4-5 ML Gap 66.76 14.74 50/15 cm 13.36 41.46 Potentially Liquefiable
5-6 GM Gap 48.40 9.10 50/15 cm -

6-7 GM Gap 45.86 50/15 cm 19.60 48.52 Potentially Liquefiable

A15197 ¥-15 waneEgunan1sUsiiunisiiia Liquefaction vas BH-15.

Depth USCS Distribution FC % Corrected | Plasticity Index | Liquid Limit | Liquefaction
(m) of soil (%) Clay SPT (PN (LL) Susceptibility
0-1 ML Gap 87.05 - 22 14.59 41.43 Potentially Liquefiable
1-2 ML Gap 91.39 - 18 14.74 45.18 Potentially Liquefiable
2-3 SM Gap 39.58 - 19 19.13 47.59 Potentially Liquefiable
3-4 MH Gap 59.84 - 13 16.41 53.20 Potentially Liquefiable
a-5 MH Gap 65.37 - 16 2391 54.31 -
5-6 MH Gap 71.67 - 12 19.83 50.84 Potentially Liquefiable
6-7 CL Gap 83.98 - 19 17.24 42.89 Potentially Liquefiable
7-8 CL Gap 87.90 - 24 22.15 49.05 -
8-9 CL Gap 93.53 - 29 22.73 49.51 -
9-10 ML Gap 92.23 - 70 18.81 46.16 Potentially Liquefiable
10-11 ML Gap 92.42 - 50/15 cm 16.83 44.42 Potentially Liquefiable
11-12 ML Gap 84.96 - 50/13 cm 16.10 41.88 Potentially Liquefiable
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Stability Analysis of Wat Rong Khun’s Main Hall

Subjected to Liquefaction Induced by Earthquake
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e Idriss, 1971) uWay Liquefaction Potential
Index, LPI (wasaki wazAy, 1978) 5710981573
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Abstract

Since May 5th, 2014 at Mae Lao, Chiang Rai,
earthquake magnitude of 6.3, Mercalli Intensity
Scale of VI, affected Buddhist temples including
Wat Rong Khun in Chiang Rai. In order to
evaluate possible damage that would take place
in the future, soil investigation is needed to
determine liquefaction potential and ground
damage from engineering properties of soil,
using Cyclic Stress method (Seed and Idriss,
1971), and Liquefaction Potential Index, LPI
(lwasaki et al,, 1972). Additionally, main hall’s
structure dimensioning for structural modelling
using Finite Element method, to evaluate
structural damage subjected to earthquake force
using Standard of Department of Public Works
and Town & Country Planning No. 1302-52,
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Deterministic Earthquake Analysis of Mae Lao
Fault at 475 and 3000 years of return period,
and back-analyzing May 5th, 2014 situation. Also,
analyze foundation safety using punching shear
analysis, and bearing capacity. As a result, there
is a low chance of liquefaction and no

foundation and structural damage due to
earthquake force using Standard of Department
of Public Works and Town & Country Planning
No. 1302-52, Deterministic Seismic Hazard
Analysis of Mae Lao Fault at 475 years of return
period, and back-analyzing May b5th, 2014
situation. In contrast, Wat Rong Khun’s subsoil
has a high chance of liquefaction at 5-10 meter
depth, which causes ground damage and
inefficient bearing capacity. Main structures also
are damaged. Therefore, foundation and
structural reinforcement is required to prevent

and minimize future damage.
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2. TnguszasA

2.1. \ileAnwilanian1siia Liquefaction
luuinuinsamy

2.2 \igdeneigunnuaslinsaiieesin
sesguaiteldanitenisiinuiufulvg uae

Liquefaction

3. noufjuazauideiinedas

U5N)N158inT18W %38 Liquefaction 1inann1sdu
Sadhvestuiueuaziuneuts fsudsaeii
viedusiundlugadsanuudausazaiusiung
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Before the earthquake

4

Pavement \

Loosely packed
grains. Pore spaces
filled with water.

~',¢ “.>
B 5]

During the earthquake

Water-saturated

granular layer

Sand injected into

Sand wllsw & ./ overlying sediment.
y: N

S =

Grains pushed Tightly packed layer.

apart by upward
flow.

EARTHQUAKE-INDUCED LIQUEFACTION

sUfl 1 Usingmsal Liquefaction



UNAMNATUS UL U WS

1Asen1sAnEINISiRdaA TWALBa Rt nwEB AL B lugLnauwlaT? T TRTDesNY

3.1. mswﬂaauﬁugﬂmﬁamiamamnﬁﬂ
Liquefaction

3.1.1. msldvuinnazvesdiniu (Particle
Size Distribution) - Tsuchida (1970) ldagudasly
nIMvUIAAaZYDIAU TneuenUszLAnau Liquefied
uaz Non-liquefied SevasfunsiouazAunse
uilsdsdiFnausumusienisiia Liquefaction vy
fian Auiiivuineaznszasegludisdasenunesi

Tenatssniilunisiia Liquefaction  wazfuiidl

[ '

dns1dvaInTInasiiloniatasunn awwniian

° v w

maaiuusuaauqqu,asmmsnaﬂ excess pore

water pressure lalsanimse

3.1.2. 38 Cyclic Stress - ﬁﬁgnﬂ’@uuﬂﬂﬂ
Seed Wag Idriss (1971) wiAdnNaduANUUaanY
fian1siin Liquefaction Inglan1anis
ausngnisalilldesurgluguuuuniaisuiiey
Cyclic Resistance Ratio (CRR) wag Cyclic Stress

Ratio (CSR) flsaunsit 1

F§= B8

SR Y]

3.1.3. Liquefaction Potential Index (LPI) -
Wanntulay wasaki uazany (1978) Ifiaustoasy
\Aenfusihulsves Liquefaction Potential Index
(LP) 16 3 2819 Ao

1. ey

2. szEEnfuLYsURUR It

3. FuRuiTASnsIdIuAILUaendY < 1
#a# Liquefaction Potential Index (LPI) ffulena

N13ka Liquefaction (wasaki wagme, 1982)

3.2. nsUsztivlenanisiianuLdenne Nt au
MsUseliulanianisiiaanudemeniaauleionis

w@ualae Ishihara (1985) lafnumanaeiaIIunun

<

vasguAunliiAinUTIngn1sal  Liquefaction Wil

a & a

NANLAYIAULEINNETRIA LTI NHTURAUTLAA

Liquefaction

4. Wnrsaniiuau

4.1 \ivsrunudoya
lgdnanasnaaouAuUIINIasosguLiom
AuautRvesiu diavoeanuulassaiiseluan
swdandeyausudulnideis vew. 1302, 38
ATz RLufulngaimuaal (Deterministic
Seismic Hazard Analysis) ﬁﬂ’luqﬁﬁ‘gﬂ 475 Yuaz
vnanHuAUlMaEn 6.8 muqﬁ”ﬁ%ﬂ 3,000 U waz
Foyammnsaliudl 5 wuanen w.a 2557 dwmiu

1 [

MTATIERGIUNAY

4.2 nMsuszidiulanmanisiia Liquefaction
Usziiulannanisifia Liquefaction \Joeduan
AnauTRvePuLazIuInAaZYBIdARY 21Nt
AT1ERATD Cyclic  Stress, W1A1 LPI, Uswidiu
Tomanisiinanuidenisiiinfu  uaziingiedt
NOANITUMBUAUBILTINAAIANS (Dynamic
response) #aeTUsuns DEEPSOIL Tneauuilvidu
fuagiinaudngianvemauiatzd1s1e wazan
AMANURAULTINAAIAASAIUINIINANNITIT
Uszaunisal (Empirical equation) Tae Modulus
reduction curve, Damping ratio ANUINANFUNTS
294 Darendeli (2001) W@z Shear wave velocity
NAUNTAWAUNUSTZNIN Shear wave velocity

U (Ny)go vauslne Hasancebi way Ulusay (2007)

4.3 MIIATIENgIUTINLAzlATIES

A2 IUIN IAENIAT Bearing capacity WAz
Punching shear analysis 3LA515WLATIAT19A2Y
Tusunsu ETABS Tunsdifiiinusufuluinsdengg
waglunsdifiiauaslaifin Liguefaction Tagasuifu

Lquﬁmwsﬁ’muﬁqgﬂﬁ 2
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F START ﬁ
wzdr59iy ‘ | doyaududulva Javunlaseainenan
Vamdulaniamadin draoslanairiovan

Liquefaction 75 Finite Element

o nasrumaazroniiaiy
(Tsuchida, 1970)

* FS=CSR/CFRR (Seed &
Idriss, 1971 h

* Liqusfaction Potential index ¥ L*
(iwasaki et al, 1978) ‘

* 35 e, 1302
* Deterministic
Earthquake Analysis

- R=475 T, M=5.91 ’

O

Aasieigiusn

-R=3,000 U, M=6.8

5 May 2014, M=6.3
*  Punching Shear

Analysis

_ * Bearing Capacity

- Py P da o
Ysmdiumsiianudewenindu

END
(ishihara, 1985)
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5.1. wansuszidiulomanisiia Liquefaction wag
anudeME IR

1NN15UINAN Boring Log N1UTELUAN LPI U89
BH-1, BH-2 Wae BH-3 savugluaningesusisguii 3
uaz 4 wuindunseiiAn Liquefaction agfiinamidn
Foust 57 wasadly ommmsalusuduluaiuil 5
NUAIAN W.A.2557 Audilaniaiia Liquefaction
towunn wazlideliiAnmudemediiafu esan
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3,000 U @1 LPI 8g5ening 5-15 wanadnpudilena
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sniudmduwssismamiield 2 wna ldud
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