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The cause of liquefaction of sands has been understood, in a qualitative way, for many years. If a saturated
sand is subjected to ground vibrations, it tends to compact and decrease in volume; if drainage is unable to
occur, the tendency to decrease in volume results in an increase in pore-water pressure, and if the pore-water
pressure builds to the point at which it is equal to the overburden pressure, the effective stress becomes zero,
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4 ERKIEICERET B FE

Ml T2 NRRAE A =R A« PREEERFHEICET 2R ER S ClIEEE, HfE2
EOTHIRILE VI HFENED L IICTEZSN TWVDLONHTHRITNDY, TR, Hbhlin
TR LV D LT ORI 5> TWDZENShoTz, TDORKD—IL, HEZEVSETHREL
kol LimtE, EEOBEXHINANCLIVRELRLZZLETHAD, T, Z< DAL, HIBEOTH
EBEZDHZERL, BHITHAHL WD ENWSI Z ELEZIBND,

LT, RBICEET 5 HEED Z vk ToMibh T 2B+ %,

4.1 EKOHE

(1) Seed 5 MNEEH:

BRI, ZRETHRRXTE LIS, NI ENRIKD L S D B2 6TV, K
BRTHIUL, TAMICINTITRFL L7220, 72 & 21, Seed & Lee? XK DERIZIE TV 5,

A soil may be considered to have liquefied when its resistance to deformation is zero over a wide strain
amplitude. In sands, this can occur only when the effective confining pressure is also zero. (kAL & I3,
REVWOTHIRBIZEBNT, LOEBPERIAERIZRDZETHD, WOLGAEIEL, ARMFEN
B riZlo THO TRIRMEDBIEZ 5, )

7z & ZE, HALTHR LEm O RTH D2, H5IT,

The stress versus strain relationships for cyclic strain tests are slightly different from those in constant stress
amplitude tests since the resistance of the specimen decreases progressively. Thus the hysteresis curves of
stress versus strain become progressively flatter, ultimately becoming horizontal when the sand liquefies (g
WLOFTHABROIS S —OFT HEARIT, S OBBIRA AT 5720, —EDIR RIEDOK
BROGE LITETRRD, £OD, IEH—OTHERIIRLITFHEIZRY, BT AHK
b LT ZITKFEITR D, )

I BOND LI, WIRIITAE RIS D30 TE AMNITHEST L Z2WVIREEE B 2 BTV e,

60
50

Axial stress (kN/m?2)

| | |
-03 -02 -01 0 01 02 03
Axial strain (%)

=30 ‘

4.1 WRIRAIZ 2 D #R U a7 i 52

B HIE, RIS BIG A IROFRIZER LTz
o BAEE (Failure) : T ANBFENC 72 5 72, OF A 2 1X20% O WHEIEIZE Lz & X123
ELTZEEBEZDDONREETHLMN, 2L O%HE, LV/NSRENLVETTHAS, Z0k
ETIE, Al L7ewP <R b e FITET 2L B2 0000, ERIZITZEDOL O
ZEIEHVEFR,
¢ SERWRIRAL (Complete liquefaction) : JAWONT AiPH, 6 2 1320% O W #RIE O HIFH T, L3
Bk LTI Z RS20 (HDWEEHETE2) REEZ WS, LEEn->T, fafi Lz
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NERIRIRIL LI=8580E, HTEA EOmREL 5,

o ERHRAE  (Partial liquefaction) : fEET 5 L EZ LN TWVD LV H/hSWONT A& TF
KT D PT 2 7R S22V REE, AR L7238 0 BRI IE LT, SR T 2L
LoTIIEE LW L8 H 5,

o HIEIIRAE (Initial liquefaction) @ #t VIR LfafE A2 20 72 & 202, L39O TE B 72 R
kxR L2 &, MRKILDOERN D, B0 L7234 5ok ik L ofH,
ERATHNCIHARAL LT RBBIZ R D A REMEN B D Z E b D, Lo T, kb o Btk
ZRIHNEIRAL E S OB EG TH D,

Castrod T ZNEZRDOERITE & DT,

¢ O BDL%LL T TIEMOE LIS K D O B OHEANEIEF 1T/ S 028t 5l [ B K 1 B L 2 4
4%,

o IS ) D30 DMK RE TRIBKIEDS I A RE L E L <R 5 FE N H Y, Seed - Lee DHFEIC
BEZNE, HAIRAL (partial liquefaction) DOFEELEHE 2, WAL & KO, ZOiRBBICE
LR LRI L, ARhaE, g AWMOTAHORE SITRFL TV D,

o HPRPRAEDORNZIE, HuR LIZHEWOTAIIRELS 2D, ZORT, #AS 300K EET
BRI 0IT 72 BARBENR 3 B

¢ OFH0320%IT 7 o T2IRIE &2 SE il b & K5

T7rbb, EREERD GEE U ISRV RERIRRBIC = 5 7 — 2 (kML) &, @RI E D
> UREZRET S —R (A 27V v 7T 1) BHHOT, RELZET D7D,
FICRR D402 DT TR IVWEOERZH L, T74bb, K4.2@)D s AT L 91T,

BLFRR e ek Tl HEKRRBR Tl AW DS BEFRIZHINT 2 oloxt LT, FEPk#EmT (@& b)

TIXE— 7 B IDNEBIIHD L, BEREICE D, MR LER (¢) THZ DK OHEFME M T

Ffk7e 8829, L, KON RT X9, Mok LZICHRENEMNTS (A7) vrEl

V7 4) bOBRHY, MEEZXHNLELI ENDIEDTHS,

800 800

Monotonic loading
after cyclic mobility  ;

[o2]

o

o
T

.~ Consolidated drained test

[e2]

o

(=)
T

'\ Liquefaction of a
loose sand
ose

 Half cycle
. during cyclic
mobility of a

In all three tests failure occurred by
liquefaction, with strains from peak
to 20 % developing in about 0.2 s.

N
o
(=)

Deviator stress, o1-03 (kPa)
5
o

Deviator stress, o1-o3 (kPa)
5
o

200 medium dense
sand
C < =
400 0 =& 400 0 =%
[ D o o < > o
‘g& (a) Consolida}tled-undr?igedéeston £ ﬁ 8_& aE; §
=g isotropically consolidated specimen [ =] S F=
'8 [ 200 (b)IConsgllidat)eld-undraIined 1es’z or: 200.5 0 g ) 200 200 E n
oS anisotropically consolidated specimen, O o> O°c
=N (c) Cyclic triaxial test, failure developed Lo =R Lo
2gs suddenly during fifth cycle E g = . E S
- O 1 1 1 400 = - O 1 1 L 400 =
0 5 10 15 20 =& 0 5 10 15 200 &
Axial strain (%) Axial strain (%)
Ny A= N - —
() HAFRHAT & M U dlifr o)1 27V r7ELYT 4

4.2 FEHEAKEATIC K DRI L A 7 U v 7 EE Y T 4 OIS — 0T ZEf%

Castro Oifkamld, HFHEMT & MK L 2 RSN 2 72 8, SOBMNLHRDL EREDRNE D
ALHD L, MEH REBREGELHETIE RV T, FEMAEmIIREETH D, L, Seed &
Lee DL, Castro @ Seed HDHFFEIIRT HE L6, el ahb &, WL EIE, B AWRIIPEN
0THY, WIKELTEHLTWNWDHLEILERLTWDLEEZLND, ZOBANTHRDL E, b
ALTWD HEEIL, ROBRICHEECTE 5,
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¢ SERWRIRIE (Complete liquefaction) : #kIIRIZ/2 D, OTH20%AHZE, 72720, ZO¥E
IEEETIEARL, FHlE LERERICL D700, IR EE S LIz okELRTE
7T

o FIHEIRAL (Initial liquefaction) : ARG I ERANZ0IZ 72~ 7= & &, WRIKRALT 2 DITE G
TR0 72 B BN B D DT, WIRIEDOAY O EFKS

o EorHRAL (Partial liquefaction) : #FIHIECIRIEN S (5E4) HRARIKIZE D IO T,

7272, ZOEZIIBEOTIRLICH T 5B 2 L1382 ->THEY, TOEWRT, BHELHEDLNT

WD PIEIIRIE LIS, EAHR2 N EB 2B D,

2) BEOEH

7 AU TiE NCEER O EMETHIRE LY EARMELNLTY —2 v a vy IS, Z DR
7% [Liquefaction of soils during earthquake ] & WO KIZE LD HNTWDYD, ZDOTV—r = v/
IZ13Je D Seed, Castro Z XU, ZOHETHFEIL TWAILKDOL S OFRENSML TV D
(AR SITAIANT, HRAEWEO ZANBSM) . ZO®EEFED Overview OFEICLL TR S
nTn5d,

The shaking of the ground may cause a loss of strength or stiffness during earthquakes that result in the
settlement of buildings, landslides, the failure of earth dams, or other hazards. The process leading to such
loss of strength or stiffness is called soil liquefaction. It is a phenomenon associated primarily, but not
exclusively, with saturated cohesionless soils. (#17E DR O M OIRENL, WO, fHmiE, 7
— AL LDORE, TOENPOKEFELL T L) RIRESCHIEN KD D, 2 ORECHIMTEDE T
Zo| SRR LOWRE L L5, ZOHGIEM LIHE DRV ETERICHEHR IS
LD NSO L YRS D O TIEZRY, )

EHIZ, TO%, BfEINTVWLIRELT, IFEZETF N5,

The word liquefaction, as generally used, includes all phenomena involving excessive deformations or

movements as a result of transient or repeated disturbance of saturated cohesionless soils. Thus, both flow
failures and deformation failures are said to be liquefaction failures. (—#%XBEIZfE I TV B HLIRAL & W
9 HEEIL, AR L7oREaE ) 0720 IR F 72 138K LIS X 2 AMELDMER L7654 U 2
BRERSBEZ ST R COBRERTLOL L TEDN TS, LiznRn->T, MEMHESEE
W2 X DMEITT R TIRRILIC L DR TH D V2 D, )
L) ZET, BIEEDLA T D ERTORRILEIZZER CHENRINTWD, ZILb Dk
TOF—ARA 2 M M LoDV =] T TR UIZ KD SRECRIMEDOIK T 235
TR A, TR & RN D K O RIREIESCETEZ £ 5 | EERESEL LW
IETHD,

4.2 Liquefaction & LV5 FEEDERE

R (Liquefaction) &9 HEEIE, 1964FLIRNIC LDV TV, Wb, KA V77l
DHEREZFELTEY, BEOWIRE (MK LML AR OBEKRTIHEDNL T e, 728 %
X, 1964 FHTIRHIE O b & AF DAL T2 HEHIR O AR ERY OFRED TIX, FEYEE O JRIK & iz 250K
RWHG LN TV 2 Enbbhd Lo, ML E W) HFEFITZ A AR TIE RN TIE e
72

HEED Liquefaction & W9 HEEZBIEO B THID TES7-D1X, &k b - ARTIE 0w e
AHND, oL, 19534FIC ETF#E#IC X2 KLICEAT oL eFENTWLND, £2T
Liquefaction &\ 9 HEEZ > T\ 5, i BT L5 &, liquefaction &5 HEEIZEI D 2205 7223,
Z O () A& TieRAE (liquefaction) & L7=& LTHEY, #uk LEAWHT X 2R
b BIEE DN TV DIRIILDOERR) ORYIOFOL & Ebid, £ LT, ZOMGEIKETH
Phd LY, TN HARICHREA SN TRRILE WO HEEREDI D L)ool &
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ZZ 59,

L AT, ZO#m L TIXIBIED HEDERD Amagasaki DMERP AR S TWAH DY, FREMERIC
1L Z OFEOHEITHE > TRV, BEXOF1951FE T4 DO HE (FIEERPE M6.2, RIRIRIER
5 M5.4, HERFE M5.2, HAREALE M M6.5) Z#HE L T\WDHDATHD, Amagasaki T4
FEHLID TS &, mERBIET, FENRAX DS 5074 Lo <, HE L OXIG 20720,
JEIF 2N TE LN &340, 19444F FEHIEE 351G L2 2 I b, FH O REREVWEZ Lot
LAWY,

1964 FRHIEE D%, WL O OHERENHRI N TS, =& 20, BFEMIEET, Ky
JTW), EEEANFETY, LRFPEDRETHD, 205, WREFTILHD & WO HiEEZ - T
WA, oS TITmEN L & Vv o FEENEDN, & 20E, EEERER TR A EL
O BT o, JEREIEZGHEES (19724F) |, EEER T E L AR AL Do 7219804 /RN T
IEFREME O HFENE DI TE Y, 1990/ X 0 ik b & HFENEb o7z, —F, SIS
FEHESHTITH D THRRAL D E Y L B AT 1974ERU TR L & W 5 lEEMEDbIL TV S,
72F, FHHRANE T19604F 2 2iT S LRI GHELYE « RIMERLAD” (21X, SRR AN IR
BT 2 AREMEIC OV TBRRENTWE LR, ORRENLRRETE 727200, EANTZITE
DRI Z EIFFRET L) Sl TV D, 1960FRUTIE [HRFICHR VD HL CIIHIERRFIZ & W
FERET O LENFHE Lo < R0 TSI 2 720 BERTEER L) S W o RERHY, ZhEfEL
TWAHDTHAIN, ZZTREIEHDLIDL, MWBHLEOZ LT, BEOWRILE NI BG LT
HDUBWNE) LEZDND, ZOHT-0 OiFimIL SCHk22)IZFE LY,

SCERIC L AuiE, RENMEO FFEIZ19T0FRHTE £ TIIR b 2R T HGE L L TlEDbIL A 5E M
HY, 196841 WS, 19734FEARRINHIZE, 1978F FHRMHIEE &, WIRIL AT A L- A
o722 EnBMEMEE W FFEIIREBEICHWONRL RotctH D, 22T, iRk E-
TWHDIE, IRIKIELTHIRBILR2NAN ) BHETH S,

D%, 24 TIRTZERIZ, WIRIEICE Y RE KPR N E U 2B NREICZ2 Y, TRk
{RIZPES Jidh) & v o HEERMEDLIL D L o1tk o7,

43 BENDEERFH THEMSNIEN

431 BRRIEADZXL - FREEEREHECET SHAREERY

ZOEDORM THERERZERWE T, oG 2MAEORE, EREIZBELTESH
WHENHHEEE LT E2RL TS,

(1) EAREEOEAE

o IR - BRI BRKE DS PIEAA S EITEICE L R o 2, 7272 L, MR TS oWk
LOHIE TIEI5% & 72> TV D

¢ BRI - ERRELROTHEZ, WIKRICEET 5,

¢ ATV YT 4 IR LEW AT O &, AORARENUZE SN T D, #lifaRFD
T AW O [BIE & BRATIRE OB NS T DWW 2K U, WEFEIZHRIRABIZIE SV T < B4,
ZDD, AMSIN0TEL o7z & LTHREIMEREIE DD, REWOTAHEBFEE LRV,

¢ FRRIAL - — BRI U7 iR S R O HIRIZ X 0 FFONERIR LT 5 Bl

(2) HERBEERFEEVD, BREGRERERIOHICERASATVLSAE

o ZERAVIIRAL © BRSO TRV IR E 128 Z < MU I X v ik b3 5 Big:
o EATVERRRAL - HRARAEIS K> TRIET I ORYE 2 NAR AR L T < B8

WEH IS LT
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o HERIRAL  BRIRBUKEIZ B LT D25, WIIADHIREICE TE> T 2RVWDOT, ¥
WroR BE 7S & D FRRE 7k - T D 4K,

¢ REEERRAE - WRIEBKED LR 260 T D, mKREBKEIZES £ TORE

¢ OKAZERL, DT HED - HilE S — HIRRIE T 5 &, B AR TIEe < THHMEREN & 5 J51m
(CEhE HAHS

o AGRED WAL LT R DS BRIZ M 2 o TRENT 2815

o B OREIAREE « RHEAN O L2NIRIE L 72358 O RREIERE (A Libi3E< £ TRET D)

() ZDEFADEELUMBOEFEE RS FHE

o WA AW RHE HSOREE D) O AR IZER L W D AWM D 2 E LI O, Kol /)
REE S AWICAIMER LTZIRRETIXH 528, wIHIEAM A L 1Tnbnk ) Th D

¢ SR UL - R LIC LY Lo AWRIESME T3 285 (28 20E, @3kEo gk LT
AW HEE, 2720, R T 58NS 2R TX D)

¢ R UIREE © 5 AR OMR LY AW X - T, HAMEREA-TRIBIC R D & X, -
EZE, HABOTAERD HE (28 21X, WiEES%) (2T 5 & & Ou AR E e
HHE (=& 21X, 0.95) 12725 & & OX AWML iR

o EHAOERE © DIAMIE, MR LD Z L 2B E LATEOT, Bk LRE & [F UE, BETIE,
FATIEE DIRTEMEE LD & & 7 Bliflibi b,

432 MERFOMEE - THREVOREE LKALRICEHT IMERESR

HAEDOWPRALIZE LT, &9 —oDREIL, ZNE TOFHERDE TROT b, 19834FEAA
MR Z R L U TN ) MEBR TH D, ZOBGNMEE 7r o 72, Hg
THET THEREOHE « EHEEYOREINE & KAZRICET 2 ERES ) DRELN, #4.1
T L D ICHE NI X =2,

ZoLEOERmY, TERL L TCOHSG LR TEIZ2HEEZ ST TN IVENI LD TH
ST, B, RTHEROLILTHDERE) TR U7z 23R IR & U CEEE 2 OB R4 EL &
WO ERTIE AL, Tl xiE, Bl ETHMEAKBSER L WA R EDEER LTS,

#4.1 ZEETELOOLNTHRIGITHE S WRE O JHFE

=R N4 HE ORI
KRR L Tt N AR RIMEL QU M | JeRIE L T 5 i
AL R BREN 172 L i aEh FEVi N
Pre-liquefaction phase Liquefaction No driving stress No flow No flow
FEVRBMERIRAL R D
No flow liguefaction . Limited flow
S BE MBI VI i
No flow Limited flow liquefaction Driving stress Lat(;ral spread (PR L) pREmRIR b
(IRFR L) WEMERIL Flow
Flow liquefaction

L ZAT, I OEMmITR LEAT T L 7po TIRIMEN AT H VI F—TU— Kiddh
B0, WAL L TCE BRI ZZ T -8 0280 Z2 T VWL S Icb b b,

433 LANJMEFHICKZFRIEAT/NEES

TARFPEHETPEZESO/NEESDTHRFIN TS, £7, 4.12) T~/ NCEER O
Workshop DFLIBEAFAMN 4L, [ZZTHEHTAREZ L0, RIRMEIZHE O F 72 XM OK
TICK VI TOMEEN KL Z 28R THY, faf LI IRE L TWenwZ EThd, 2F0,
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ii7e 2 & A S AT MR CL XV OThHD, ZOLH R LD, RIRMED A =X L TH
FTHICHE DN 2 WFEIREATE & WD FELMEH L TR0, BIBRKED 5 - BEICTBER 7
<, LI < HUEMEIC K 0 AR ORECHIMEAME T LT, th F-OmRENEZ 2L T TE2 WD
STWNWEDTHD, | EELOTVND, EBHIT, —fRITHEDONTWAHEDOHIE LT, IEEED
FOF TR ORI A HIEE OB TS < 72 2BL8, WPRLOBIZ RN L TV o KDJE T DZEALTK
NENE, WORMBEEPEONT, BEERPEEDLIICSLEI EBEZXONL, HEHNKE
W ETRRAL D T2 D BRI E 2521, W IS UWERD & 72 B, BRICHESIHZR P TR.ON
Do | B, —OANDHIRIALE VI BRI TEA A—TN RS GEFITL->1D LT
WD HBE DS HUBIRF IR 28R H D) LWHIETHA D EHERILTWD, 2Dk, =
NETILRLIEZBESOBN 2 LT 5,

Z D/INEESTIL NSF @ Workshop DFEIRIZ & D HRIRIL D EFIZDOWT, [ EHZ OV TIT,
HHPDLHMMEZ R LE L TWT, SEHRICHOWTIE, OTHEIMIES & 5 5 A TE
X E L TWT, R0 AFRHEBEZIRE OISR IR L TV b &z b,

ZD%, WIRILDEFEE LTWDED, £ T, KBOWRIL & REBEOHMRILNH D = L 2
ML, HIZERRLE SO & &IIRBORMILERTELTWD, ZNDHEED, ROHENE
MHENTND,

o ORFEO) WL . BRFEO) HRIRIE, HEOMSK YA e s, ICLo T, fafili-
WOCWbHE T2 & DR IERETE L2005 72 2 HUBEN CRIBRKIEDS LR - B L, A hntEe
TR T LRIk L 720, Zokizo TiEE)) 2 & b7 )88, 23 NREhFRT vyl
ol kLI A8,

¢ IRFEDOWRAL - IRFROWIRALIE, RO HE-CROEEHR I Z BRER T, B 7o i HviR 0% 70 i
i & O TR AR CH B P A S DR A OS> TAEBIIG MR T L, HEOR
FEFE 7MDK FIZ L 0 A ERLTOEW /2 ENE Z 5818, —RICEFIMiZ N 2\ 23,
AEAFHRIC B W T HEE Z 2P0 S (72720, ZOA D= A LINT LH#EH I TH
20 bELLDOET S,

v B LEIE, A2V v - 7 k=7 (Cyclic softening) : #il L#m 12 & 2 RIBRAK
JE BRI TICE 0 EAROTLNREL, TN EEE LA E & HICHa RIS
B, Lo LA Z PR DT DICOTRITARDORE Sl2E &%, kK&
RO AHEPICN 2D ETORENIE X 7220,

¢ 47Uy - YT ¢ (Cyclic mobility) : MK L#Eifficisn Ty T v Lik{k )
T LW T, RONTZOTBAEE T ABEIN/NES <o TH, OTHANRRKEILEL
LT nL, EOFA LA F L —HED DI AR ZBIC/EA  (mobilize) L,
BAMOTHDORECHEIED NN D H L, TS, BR-olE -, @ESKE o X HICE
DEAVHE L —RERE LW HICBWTHEEFICHENS,

¢ MEVETITIRBEIR T Vv L BREOWRIED & ZATBEICZ S O HEEE VTN D,
ZTOEFRITFEFEARE LTND, —EROICHEIOBEOBEWRITERAD L 9 IZHBOVUT HET
BHIEENLD Z ETHHD, ERWBRIC LIIXFEMETIIH E 0 LSV RHE 2
30%LL F OBV T, HRIEE OFEHEKE AWHIT X 0 10~20%F2FE O AW O-9* 2 THEPT
NEETDHZ ENMLNTNWD, —F, B TIEL > & RERVDTAHETRIED L 9 12
LT AL HONTEY, FORAXAD AL ONTIEIREZHE G DL N ZATH D,
L7eMRo T, MEdH D WITIREIR T > o Y VAR ERNSFIFIC IV ER ST 52 &I138
B CTIETE RV, £ < ORI HIEEETHO SN TV 28O Al EES% (B AW
O T HMWIRIE7.5%) Z1E2 M2 72O F BN ET DA LT, BT 5 H 5V I3
BART vy VERTL LN HEEEIRETHDL LN LD,

¢ IRFROWRIE= T (kD) ki) + THvELEkK{k) (A2 Vv -2V T 1%
el ) + [0y O X5 2BEKRICRS (K43SHW) , =720, [Z20off) 1220 Tix
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B ORI BIRIZHRAE O HFE A T& 2 AR E AR T 2o maTtnsd (B2,
ANEAFN IR T D IRFEOWRIRIEE)

T Ol CRfafn %)

M L#kAk
FA27Vvs - VT4 EED)

($z%) @
&N d

IR OWRE
X14. 3RO TE

4.4 ZFICEATEHEED

HFEIZOWTIX, T TI3HODOEREESTELOLNTWD, 7272, FLOFNRERDLEIAD
HdHL, BIIEL b TWAHBELE RS, £2C, TNETOHBEEEHET I FE
RHD, ZOFEDOBRMNL, WIRMIEITH b D AGEICONT, T oORE B CHIBEFER A
LD TIERNW L& L, FIREZe#iPE TEER 72 HFEOFIHEEZ ED TV LEEZ R U,
EfERBRORBEDOT-DIZIE, XEFORHELZADTERT DI EORENEEZTRTHEDOTHD,
koT, ZoZFELERETOREREZL->T MELWHZEL LTORM] 2 RDDEDTIIAR,

441 HBEORAZEEAN=AL

(1) KEREDHEIRE

FNRERC, KEREDOTIRGIZONWTIE, ROLIBRAT—URH D, 7,
OEEIFBEAER L (1FEALE) BAELRVIRE (BB Ud A2 104LLTF)

QiR BRI EDNFEA 2 4 6D 2 DSHIIIRIAIZ 72 DT ONRE (BB OT A3 %L T)
QFTHIE IR LU D %)

ZDHH, OIZHOWTIEHIRIRAL &1 X%, #uk LRk (Cyclic softening) k72 H3E 731
GIThHAH IV, QIXIRILITRELR2VIRIETH D, BEEDORR LS T, REaiikib, YERIR
b, SRR EORFEEMEDN TETWD, 72720, ROICRA SN TWD GRS ITWR A
VW, ZOJFRKD1IDNE, FIHID Seed & Lee?®< Castro?) N E 2 7= X 9 \ZHRIIAL B IR ORI 2 2884
LERIZIRoTRRBE B X 2070, vk b, WKL (Initial liquefaction) (272> 7- & & LIt%
ERRAE LTZRIELE B X H5D0E VW) ZEIChH D EEZ NS, BHEOHGEO Y TIEEH SR
(Partial liquefaction) 23 b4 HGEL B X 5, Zix, WHEZRMEE L TRAVUL, #IHRIE
AEDNHEIRAL, U T2 RS ANIAL DBIEA S LIV, KRR & L CTRAUE, 72 & XAk
JERUZ 2o TWDHTIbHDHTHA D NI EMTH S, 72721, Partial liquefaction | #)IZk
ARTARIZ, I OMFZE TITHIEIRAL AR D28 2 R T EWRICE DN 0T, BRI, =&
Z0E,  DEEIRFAKENREE LD, WIMEICEDRTORRE] OERHHEZ ST 20N KLETH

V@, OTLEILITEZ > TNADOT, R LE(LE WX ARNWD Lt F2C, FOEIE,  HERERIRA
JEORAENTIEAER) REOHEBEEMZL L, EXHLLT U,
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A9y TOZ L, MOHFEIZOWTHEERTH D,

PIEHRARAL LIS O 2B 2 R L & RS 2 S 290U, TP OZFEENC DWW T2 22 FE IR
FTIH RV, 7272, RIRIE DI LR L L% D258 2 X L 7o & 21, IRIBIREE DR IC
HAEINZSZEBARETH A D,

FERMRILE N HEMEDND Z L b D, ZNHLESITEMEIN TS HEL TV AR,
BELL, WERRICEE T2 2B LTS E-BbD, 238 T8k, IKE LT
T HIIIRE DN SLETH D, LR ->T, ZOHELE O BRICIIFHARLETH A I,

(2) LELEEEDRIKE

433EThHim U O TWED, IRIBICIIAE L REBEDOHENT R H 5, IRFEOITIEL, —F Wi
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248

If a saturated sand is subjected to ground vibrations it tends to compact and decrease in
volume; if the sand cannot drain rapidly enough, the decrease in volume results in an
increase in pore pressure. When the pore pressure increases until it is equal to the
overburden confining pressures, the effective stress between soil particles becomes
zero, the sand completely loses its shear strength, and enters a liquefied state.
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12

The loading of the soil by z(t) is undrained (the pore water pressure dissipation and
redistribution within the soil mass are disregarded within the time frame of the event).
Therefore, the pore water pressure in the element in excess of the hydrostatic pressure
increases with duration of shaking
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In geotechnical-engineering terminology, liquefaction refers to the state of the soil in
which the effective stresses between individual soil grains vanish and the water-
sediment mixture as a whole, therefore, acts like a fluid. Under this condition, the soil
fails, therefore precipitating failure of the supported structure such as pipelines, sea
outfalls, breakwaters, seawalls, pile structures, gravity structures, rock berms, etc.
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These cyclic shear stresses cause the soil to undergo cyclic shear deformations, in
exactly the same way as in the case of waves, leading to pressure buildup, and
eventually liquefaction if the soil is "undrained" (silt, fine sand, and even medium
sand).
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When shear occurs under undrained conditions, pore water cannot be drained out, and
develops pressure. This pressure is called the excess pore water pressure 3 J [ Bk
J£ and is defined as the pore water pressure minus the hydrostatic pressure that existed
before earthquake;
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65-67

The basic cause of liquefaction of sands has been understood, in a qualitative way, for
many years. If a saturated sand is subjected to ground vibrations, it tends to compact
and decrease in volume; if drainage is unable to occur, the tendency to decrease in
volume results in an increase in pore water pressure, and if the pore water pressure
builds up to the point at which it is equal to the overburden pressure, the effective stress
becomes zero, the sand loses its strength completely, and it develops a liquefied state.
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21-22

In an undrained cyclic loading test, the sand matrix or skeleton can tend to contract
under the cyclic loads, but the resulting rearrangement of sand particles instead
transfers normal stresses from the sand matrix to the pore water (i.e., o stays constant,
while ¢' decreases and u increases).
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37-40

Decreases in volume caused by cyclic loading cannot occur if a soil is saturated with
an incompressible fluid and movement of the fluid within or from the soil is prevented.
Instead, the tendency to decrease in volume is counteracted by a decrease in effective
stress.
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However, this reduction in volume can not occur immediately since the duration of
cyclic application is so short in comparison to the time required for drainage of pore
water to occur. Consequently, in order to maintain constant volume of the contracting
sand, the existing effective confining stress is reduced with the corresponding increase
of equal magnitude of the pore water pressure.
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105-106

The cause of liquefaction of sands has been understood, in a qualitative way, for many
years. If a saturated sand is subjected to ground vibrations, it tends to compact and
decrease in volume; if drainage is unable to occur, the tendency to decrease in volume
results in an increase in pore-water pressure, and if the pore-water pressure builds to
the point at which it is equal to the overburden pressure, the effective stress becomes
zero, the sand loses its strength completely, and it develops a liquefied state.
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A state where soil loses its strength as a result of increase in pore water pressure is
defined as liquefaction.
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Decreases in volume caused by cyclic loading cannot occur if a soil is saturated with
an incompressible fluid and movement of the fluid within or from the soil is prevented.
Instead, the tendency to decrease in volume is counteracted by a decrease in effective
stress

Earthquake-induced liquefaction refers to the phenomena of seismic generation of
106 16 ) excess porewater pressures and consequent softening of saturated granular soils. The
material is typically sand, and less commonly silt or gravel.
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