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ABSTRACT: Many investigators have applied the liquefaction potential index
(LPI) to map regional liquefaction hazard. LPI, which integrates the liquefaction
potential of susceptible soil elements at a specific location into a single value, has
been used to assess both (1) spatial variability of liquefaction potential, and (2)
liquefaction potential of surficial geologic units. A promising application to mapping
has been the establishment of a median threshold LPI value at which liquefaction
effects occur. This threshold when applied to complementary cumulative frequency
distributions of LPI for spatially homogeneous surficial geologic units yield
liquefaction probability curves for surficial geologic units that can be used for hazard
mapping. Both probabilistic liquefaction scenario maps and PSHA-based liquefaction
hazard maps have been produced with this approach. The scenario maps compare
favorably with historical liquefaction in the mapped areas.

INTRODUCTION

Regional mapping of liquefaction hazard has evolved during the last few decades
from research to regulatory endeavors (Power and Holzer, 1996). Despite this
evolution, most liquefaction hazard mapping is primarily descriptive and qualitative
in nature. This descriptive state-of-the-art of liquefaction hazard mapping stands in
contrast with the quantitative state-of-the-art of mapping earthquake shaking hazard.
Probabilistic mapping of shaking, which was originally proposed by Cornell (1968),
is now firmly established and widely used in engineering practice (McGuire, 2004).
In fact, confidence in the methodology has progressed to where it is now the basis in
many building codes for estimating shaking hazard (BSSC, 2001; Frankel et al.,
2002). The methodology is known as probabilistic seismic hazard analysis (PSHA).
A comparable probabilistic framework, here referred to as probabilistic liquefaction
hazard analysis (PLHA), is an important need for future liquefaction hazard mapping.

A major obstacle to the implementation of PLHA has been the absence of a widely
accepted engineering demand parameter, i.e., a liquefaction intensity parameter that
measures the severity of liquefaction at a site. Recently, several investigators have
produced probabilistic liquefaction hazard maps for earthquake scenarios that use a
parameter known as the liquefaction potential index (LPI) as an intensity parameter.
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A few investigators have proposed modifying the severity term, F, in LPI (Eq. 2a).
Sonmez (2003) expressed concern with the capability of LPI to identify “marginally”
liquefiable soils, by which he meant soils with FS near one. Accordingly, Sonmez
(2003) modified F so that it was nonzero for 0.95<FS<1.2. This introduction of
conservatism is consistent with recommendations by Seed and Idriss (1982) to adopt
a FS between 1.25 and 1.5 to identify potentially problematic soils for engineering
design. The primary impact of the modification is that it produces nonzero, but low,
LPI values for soils that may warrant more detailed investigation of their liquefaction
potential. This modification allowed Sonmez (2003) to subdivide the category LPI<5
by adding a hazard boundary at LPI=2.

Lee et al. (2003) proposed that F be replaced with the conditional probability of
liquefaction derived by Juang et al. (2003). The conditional probability, P, = 1/[1 +
(FS$/0.96)*], estimates the probability of liquefaction for a given soil element given a
factor of safety. Lee et al. (2003) also recommended usage of the simplified
procedure for the CPT as implemented by Juang et al. (2003). Lee et al. (2003)
compared values computed with the redefined LPI to the occurrence of liquefaction
caused by the 1999 Chi Chi earthquake and discovered it produced significantly
higher values than the calibration of Iwasaki et al. (1982). This prompted them to
rename their parameter the liquefaction risk index. Sonmez and Gokceoglu (2005)
adopted the revision of LPI by Lee et al. (2003), but renamed it the liquefaction
severity index. They also proposed a 5-category severity scale. Their parameter is not
to be confused with the liquefaction severity index of Youd and Perkins (1987) that
predicts ground displacement caused by lateral spreading.

To make the hazard scale of the liquefaction risk index more consistent with the
LPI scale of Iwasaki et al. (1982), Li et al. (2006b) conducted a series of sensitivity
tests and redefined F = P;. — 0.35 if P;>0.35 and F = 0 if P;<0.35. Based on this
definition of F and the simplified procedure proposed by Idriss and Boulanger
(2006), Li et al. (2006) computed revised LPI values for the 1999 Chi Chi, Taiwan,
earthquake and all of the case histories reported by Toprak and Holzer (2003). They
correlated these values with field-based estimates of the “probability of ground
failure” and proposed a new set of liquefaction hazard categories based on these
probabilities. The upper boundaries to their “risk of ground failure” categories
“extremely low to none, low, medium, high, and very high” respectively, correspond
to revised LPI values (and probability of ground failure) of 3.5 (0.1), 5.4 (0.3), 7.8
(0.7),9.7 (0.9), and 14.1 (1.0). They did not recognize LPI=5, which corresponds to a
probability of ground failure of 0.24, as a boundary. Their analysis of the probability
of ground failure did not consider potential sampling bias. It included case histories
that were excluded by Toprak and Holzer (2003) because of concerns with sampling
bias. The high probabilities at intermediate LPI values might also be explained by the
observation that the Youd et al. (2001) CPT-based curve is associated with a 50%
probability of liquefaction (Juang et al., 2002; Toprak et al., 1999). This would yield
lower LPI values when used in the traditional way as a deterministic curve.

Juang et al. (2005), following the correlation by Toprak and Holzer (2003) of LPI
with type of ground deformation, proposed a damage state parameter, the damage
severity index, to predict actual liquefaction-induced foundation damage. The
parameter was correlated with both the revised LPI and the “probability of ground



