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SYNOPSISE An improved analytical method to calculate the likelihood of soil liquefaction is de-
scribed. The method is based on an expanded list of case histories of ligquefaction and no-ligue-
faction and employs earthguake magnitude and hypocentral distance to desecribe the intensity of shak-
ing at a site. The new list of case histories is compiled from a complete re-evaluation of previ-
ously published case histories and field data ocbserved in more recent earthguakes. Specific appli-
cations of the proposed procedure are described and an example analysis is presented.

INTRODUCTION

Throughout the past decade, ligquefaction due to to describe the seismic event, and standard
earthgquake shaking has been the subject of nu- penetration test results to represent the soil
merous studies. Considerable gains toward an condition. Deterministic and probabilistic
understanding of liquefaction have evolved from applications of the method are discussed and an
extensive laboratory studies. In addition, example analysis is included.

various laboratory testing procedures have been

developed to supply soil parameters needed for

analytical technigues that predict liguefaction

potential at a site. Data from field observa- AMALYSIS FOR LIQUEFACTION

tions of liguefaction have been utilized to

study the phenomenon as it occurs in the field Yegian and Whitman (1978) proposed the use of

and to develop empirical procedures for prelim- the parameter Liguefaction Potential Index,

inary investigations of liquefaction. LPI, for the evaluation of the liguefaction
potential at a site. LPI, which is inversely

Yegian and Whitman (1978) proposed an empirical related to factor of safety against liguefac-

procedure for liquefaction which is based on tion, can be expressed as:

interpretation of field data using earthguake
parameters such as magnitude, M; and hypo-

central distance, R, to describe the earthguake
intensity. The paper discusses the merits of

using M and R as opposed to acceleration, which

has more commonly been used by other investi-

gators to describe earthguake intensity. The 1f
list of case histories used by Yegian and Whit-

man to develop the liquefaction criteria they

proposed was that which was published earlier LPI ™ 1; liquefaction is likely to occur
by Seed and Idriss (1971), with some additional
data points. In the past few vears the need

for re-evaluation and expansion of the currently
used list to include data obtained from more In the investigations reported herein, the
recent earthguakes has been apparent. The au- parameter LPI was employed and an expression
thors of this paper completed such an overall for it was developed as follows: the stress
review of all the case histories discussed and parameter was assumed to have the form
presented by the original investigators. Due
to space limitations this updated list, which

stress parameter, 5:
LPI = = (1)
strength parameter Sc

LPI < 1; liguefaction is not likely to occur

c. M = g

includes a total of about 322 data points corre- i 1 + 25 2 v (2}
sponding to 80 locations and 19 different earth- R (R b T —
guakes, is not presented in this paper, but will Yy

be published separatelvy.

where M is the earthgquake magnitude, R is the

A simple analytical technigue for ligquefaction hypocentral distance in KM, a, is the total

based on field data compiled in the new list 5
of case histories is presented in this paper. vertical stress, o, is the effective vertical
A new criterion for liguefaction is proposed

which employs earthquake magnitude and distance stress, and c; and “2 ars constants. The form
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for the strength parameter was assumed to be:

s Sy
Sc = C3HC (3

where N _ is the standard penetration test val-

ue, (5PT), corrected for the overburden pres-
sure as suggested by Seed (1976):

H_=H (1 - 1.251og vttsf]} {4)

c

where W is the SPT recorded in the field. Com-
bining Egs. 1, 2 and 3, LPI can be expressed
as:

1 2 a
LpT = B (R + 25} v (5)
" th T
3¢ o

The values of the constants R and oy

were evaluated using simulation technigques and
the 322 data points corresponding to ligquefac-
tion and no-liguefaction case histories. A non-
linear multi-regression analysis following an
iterative approach was employed in which values
of the constants c were assumed and the differ-
ence between lnsC and 1n5C was computed for

each case history. If the difference for a
case was positive and the case was a "no'
liguefaction or negative and the case was a
'yvas"' liguefaction, then this difference was
squared and saved; otherwise it was discarded.
The hest estimate of the constants c were
evaluated by minimizing the sum of these
sgquared differences for the entire case history
list. The minimum of the sum of the sguares is
a measure of the uncertainty in both the inter-
pretation technigue and the data. The result
of these investigations shows that the hest
egtimates of the values of the constants are

= 0.2

Hence, the eguation for the mean value of LPI
can he written as:

-0.4
0.2M o
e = & e « — (6)
0.464 N_° 0
= v

The above eguation for LPI can be used for a
particular site to deterministically evaluate
the ligquefaction potential: when the computed
LPI is greater than 1, liguefaction is 'ex-
pected' to occur. However, an analysis of
ligquefaction potential involves many uncer-
tainties. Quantification and incorporation of

these uncertainties in the analysis are essen-
tial for a realistic assessment of the likeli-
hood of ligquefaction. Thus, Eq. 6 yields the
mean value of LPI using mean or 'expected’
values of the parameters which define LPI. 1In,
addition, it is necessary to compute the coeffi-
cient of variation of LPI in order to make pre-
dictions of the probability of liquefaction.
Assuming that the earthguake parameters are
'given', the coefficient of wvariation of LPI,

vLPI' is given by:
r a
Vo w0035+ (0.161 0N 13 4 ()P EaEY
LPI ) L = 2
H a ¥
v
.
+ [:E—nEVar.dw 7
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where Var.N, Var.y and Var.dw are the variances
of the field blow counts, total unit weight, and
the depth of the water table respectively; and
¥, is the unit weight of water. The constant

term in Eq. 7 iz due to the uncertainty in the
¢ parameters which define the eguation for LPI
(Eg. 6). The rest of the terms in Eg. 7 de-
scribe the uncertainties in the soil parameters
used in the liguefaction analysis for any site.

Typical values of vLPI range from 0.2 to 0.50;

the lower wvalue corresponds to the uncertainty
only in the liquefaction analysis procedure
which is proposed herein (Eg. 6).

The use of VLPI' together with the mean value of

LPFI computed from Eg. &, can provide an estimate
of the conditiconal probability of ligquefaction,
defined as

r % ' 1
P LLIE.] E P[ LPI > 1M and R] 8)

Evaluation of P | LIQ.| reguires an assumption
regarding the probability density function.
Yegian and Whitman (1978) suggested the log-
normal distribution for LPI. The form of LPI
as given jn Eg. 6 is very similar to that of
peak ground acceleration. Donovan (]1973) has
ghown that measured ground acceleration is log-
normally distributed. Thus, LPI is also assumed
to bée lognormally distributed. The conditicnal
probability of liguefaction is then determined
by computing first the standardized variable U,

m
b AN ()
T nLel
where,
= 1nLBI - 0.502
™ nrpr” 0 291 hLpT
and
o2 = 2
O orny = ln[VLPI + 1)
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