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ABSTRACT

Liquefaction during earthquakes has been a significant cause of failure of onshore as well as offshore structures. The
phenomenon of liquefaction has been studied extensively for the case of cohesionless soils. Fine- grained soils, such as silts
and sands with fines, have generally been considered non-liquefiable in the past. Recent studies have shown that fine
grained soils in certain situations may be susceptible to liquefaction. This paper presents the results of an experimental
investigation conducted to determine the liquefaction susceptibility of a low-plasticity silty soil. Cyclic triaxial tests were
conducted on undisturbed and reconstituted specimens for this purpose. The results of the study indicate that low-plasticity
specimens used in this test program were susceptible to failure by large axial deformations even though liquefaction defined
in terms of loss of initial effective confining pressure may not occur.

INTRODUCTION

Cyclic shear stresses develop at the ocean bottom due to the

passing of seismic or storm waves. These stresses may result in
progressive buildup of pore water pressure in certain types of
soils. Cohesion less soils of loose and medium density have a ten
dency to compact under vibration due to a decrease in intergranu
lar space. In offshore areas where the soils are essentially saturat
ed, the tendency for volume decrease results in an increase in pore

water pressure in the soil. The progressive buildup of pore water
pressure may eventually become large enough to result in signifi
cant deformation or development of cyclic liquefaction. The phe
nomenon of ocean wave-induced liquefaction has assumed

increased importance with the construction of very large, complex
and very costly offshore structures such as the Ekofish tank (Lee
and Focht, 1975) and large-diameter underwater pipelines
(Christian et aI., 1974). Liquefaction may cause severe damage to
the foundations, conductors, riser lines, submerged structures and
superstructures due to one or more of the following: (a) loss of
lateral support of the soil to the platform foundations, (b) exces
sive lateral movement of structures, (c) large vertical settlements
of the platform, and (d) tilting and overturning of submerged
structures.

Evaluation of liquefaction potential of soils at any site requires
a combination and interaction of two sets of parameters; namely,
cyclic loads (seismic motion or wave action) and soil properties
(such as grain-size characteristics, relative density, structure, fab
ric, stress and strain history). The vibration parameters of interest
are intensity, duration and frequency of the cyclic loading.

The phenomenon of liquefaction has been studied extensively
for the case of seismic loading. In the case of offshore structures,
both seismic loading and wave loading are important. When an
ocean wave passes a certain region on the ocean floor, the normal
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water pressure distribution varies from point to point. The change
in water pressure occurs in several cycles during the passage of
the waves and will, in turn, induce cyclic shear stresses in the soil.
If the cyclic shear stresses exceed the cyclic strength of the soil,
large deformations in the ground may occur that can adversely
affect the stability of the structures supported by the soil. The
wave-induced liquefaction is thus similar to seismically induced
liquefaction in some respects. There are, however, marked differ
ences in the nature of the two loads. The differences are: (a) ocean

waves have longer periods than earthquake waves; (b) duration of
storm wave loading is very large compared to earthquake loading;
and (c) ocean wave loading is imposed at the surface of the
seafloor as compared to earthquake wave loading, which is
imposed at some lower boundary such as the base of the founda
tion or bedrock.

Most studies dealing with liquefaction are on cohesionless

soils. State of the art on liquefaction behavior of cohesionless
soils has come to a stage that reasonable estimates of liquefaction
potential of such soils can be made based on laboratory investiga
tion, or even by simple test results such as the standard penetra
tion test (Das, 1991; Prakash, 1981; Seed and Idriss, 1981).

LIQUEFACTION OF SILTY SOILS

Information on liquefaction behavior of silts and clays of low
plasticity is not as readily available. Ishihara et al. (1975, 1981)
conducted experimental investigations to determine the liquefac
tion behavior of mine tailings having clay fines. These studies

showed that clays of low plasticity exhibit potential for large
deformation under cyclic loading even though liquefaction as
defined by pore water pressure becoming equal to initial effective
confining pressure may not occur. Seed and Idriss (1981) suggest
ed that certain fine-grained soils of low plasticity may be suscepti
ble to liquefaction. The characteristics of such soils are: (a) per
cent finer than 0.005 mm < 15%, (b) liquid limit < 35%, and (c)
water content < 0.9 (liquid limit). The liquefaction potential of
such soils should be ascertained by conducting experimental
investigations. Hosri et al. (1984) observed that silty clay speci-


