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ANALYSIS OF LIQUEFACTION OF SATURATED
SAND DURING CYCLIC LOADING

By Toru SHIBATA

Synopsis
Some considerations on the liquefaction of saturated sand during cyclic loading are
presented, and a general equation for the number of stress cycles required to cause initial
liquefaction # is proposed as a function of the ratio of cyclic shear stress 74 and vertical
stress g». The following experimental results obtained by Peacock-Seed (1968) may be
explained quantitatively by the Equation: 1) The linear relationship between 74 and o»
for a given number of # and 2) the relationship between ca/o» and log # for a given

value of soil density.
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Fig. 4 Effective stress-path for cyclic triaxial compression test (After

Seed-Lee, 1966).
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Idealized stress conditions:
(a) Total stress,

(b) Effective stress-path.

565



566 HRPIRPIFEHERBI3EB (.45, 3

DECEPICRET BRT EKEOE(L Ju i1

Au=Aam+(g)Amu

1
droer = 3 v (doy—4d02)%+ (doy— dos)*+ (doy— da,)?

TE2 B ENTED, =iz D; dilatancy B8, C; FMERTHSH, % D/C=a Lk X, don=0
DR, Fig. 5 (a) #¥2BLTO>@ 55k @~>0 DRBHRCRET S Ju O—BNERY
B2 92

du=a+d7oct f

_./8,.

e
Lieh, LKL @ OFfELDL @ OMWRICEAHE L, TOHDOHELTIE, Fig. 5 (b) KRl Ld
a DIEENDBDT, RBEDOTRE a, WEE o ETHE 194 27 AP BT 5BFHET EKE

40 IR,
Au‘=\/%(al+a2)-rd .................................................................................... (3)

tith,

LAT (2) RO aDERERTS 1 DAEIC Lo T—EBTIE 72, ta HREFVEFELYabRE
Do EIXREEOTSRE L VB S TH D, WEIZOWT on ¥—EICFRE L ANRBRERY L5
L, dufom~Adroct/om BUEI I THBTE DL ONSE G, 2D i3 a(=du/droer) H droet/om
BHILTHEMT 2 2 i3 bt P2 DL HREREREERL T '

(a1+a2)=a<:))—b .................................................................................... (4)

LEET B 1oL 4, b ZEOME, BECL - TEELRNTHD,
(4) &# (3) RieRATHIE

Aﬁ:%g{a‘(%>#b}'z—d ................................................. ................... (5)

D1 YA s AHCRETS da R DIELUABTESE L TV BT 02T E 25 Fig. 6
B2 to. “hit Fig. 2 IRLEESEND, 144700 L ORFEKESRLEFEAED, #VELEH
LT ry F LICLDODBITH D, di/re OETE Y EL OTRXERV CRaE—EEL 2 LTLE
LExiewZ Enbomnbd, LIchio TD IR LERITLE U T 4 pPREEFETHE, BIRMEERETS
CETLEVELEH 7L, Fig. 5 (b) #BBLTKATELLNhS Z LILicD,

10 { o Dr % T4/0,
® 50 007
o8 4 o 90 0.13
o ,
* 06 | L]
w o
AN ™ . .o b
! _e % o -
13 04 O —tgeeet et o oo
o)
o2r 0,0 00
0% 009 oY o 0% °c
0 5 o s 20 25
Number of stress cycle n

Fig. 6 Change of the excess pore water pressure during cyclic loading.

— 4 —



S5 : MR OBRRKERET 5B 567

#n=(gp—14-cot ¢")/di

({7 oo} fo(2)-8) T ®

I ¢ BOBEYRRERATH D,

(6) Fic Liug, BRIREF TORYELER 2 3B H O +BERCEAL T 28EILT 00 &,
RAMIES ta OB THD, oo MARELABIRE, Tt ta VP DB EWIRILIZR DB 0D, £
LTHIRER AU S WBRD (ra/tr)erie 12, (6) RICT n>c0 E3duL (ra/to)erse=(b/a) &75%,

4. REEROKRH

WIS CTEE LERYREVT, HRKORRT — 2 X fEHNT5, #HA L 5 — &} Peacock-Seed iz X »
THE S NCBMTARC X 5BVELRRY b2 bhicb D TH b,

ol i (a) Dr=s09
-
>
.0.05
©
~ 3 [0}
- .—
Q . Lad . T . - "
5 10 20 40 60 100 200 400 1000

n

Fig. 7 (a) Relationship between z4/0» and number of cycles # for D»=50%.
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Fig. 7 (b) Relationship between r4/09 and number of cycles # for D»=80%.
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Fig. 9 Influence of frequency on the number of stress cycles required
to cause liquefaction.
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Fig. 10 Relationship between 74 and g»: (a) Dr=50%, (b) D,=80%.
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