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RESIDUAL SHEAR STRENGTH OF LIQUEFIED SOILS

I. M. Idriss1
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ABSTRACT

An evaluation of post-earthquake static stability for embankment dams that contain, or
are founded on, soils that may liquefy requires estimating the liquefied soil's residual
shear strength, Sr. Decisions regarding the need for expensive mitigation efforts,
including ground improvement work, often hinge on the selected Sr values. This paper
presents recommended relationships for estimating the residual shear strength ratio,
Sr/'vo, of liquefied nonplastic soils in the field based on a review of prior case history
studies, laboratory testing studies, and recent findings regarding void redistribution
mechanisms. The recommended relationships provide guidance regarding the
unavoidable task in practice of having to extrapolate beyond the available case history
data. Limitations in the state of knowledge are discussed.

INTRODUCTION

Procedures for estimating the residual shear strength, Sr, of liquefied cohesionless or
nonplastic soils have evolved considerably over the past 25 years. Procedures that
require laboratory testing of field samples have been developed that use samples obtained
by frozen sampling techniques (e.g., Robertson et al. 2000) or samples obtained by high-
quality tube sampling techniques coupled with procedures for "correcting" the shear
strength for the estimated volume changes that occur during sampling and testing (e.g.,
Castro 1975, Castro and Poulos 1977, Poulos et al. 1985). Case history based procedures
for estimating the in situ Sr of liquefied soils have been developed by back-analyses of
liquefaction flow slides, as first presented by Seed (1987) and since modified by a
number of investigators (e.g., Seed and Harder 1990, Ishihara 1993, Wride et al. 1999,
Olson and Stark 2002).

Whitman (1985) described situations where pore water seepage driven by earthquake-
induced excess pore water pressure gradients could lead to the localized loosening of the
liquefied soil, or "void redistribution", that could result in Sr being much lower in the
field than would be obtained from laboratory tests of samples at the pre-earthquake void
ratio. These situations require the presence of a soil layer of significantly lower
permeability overlying the liquefied soil layer, thereby impeding the outward seepage, as
illustrated for an infinite slope in Figure 1. Physical and analytical modeling studies by
Kokusho (2000), Kulasingam et al. (2004), and Malvick et al. (2004) have illustrated the
void redistribution phenomena and evaluated several factors that significantly affect it.
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