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This paper summarizes the results of an experimental study directed towards the validation of a mathematical model
for the buildup of pore water pressure and resulting liquefaction of marine soils under progressive waves. Experiments
were conducted under controlled conditions with silt (d50 = 00070 mm) in a wave flume with a soil pit. Waves with wave
heights in the range of 7.7–18 cm, 55-cm water depth and 1.6-s wave period enabled us to study both the liquefaction and
no-liquefaction regime pore water pressure buildup. The experimental data were used to validate the model. A numerical
example is also included in the paper to demonstrate the implementation of the model for real-life scenarios.

INTRODUCTION

Seabed soil may undergo liquefaction under waves where the
effective stresses between the individual grains vanish, and there-
fore the water-sediment mixture acts like a liquid with catas-
trophic consequences. There are 2 kinds of seabed liquefaction:
Residual liquefaction and momentary liquefaction. A detailed
account of the topic is given in the book by Sumer and Fredsøe
(2002, Chapter 10).

The present paper is concerned with residual liquefaction. The
mechanics of residual liquefaction under a progressive wave can
be described as follows. The seabed subject to a progressive wave
will be compressed under the wave crest, and expanded under the
wave trough. This will result in the generation of shear stresses
in the seabed soil. These shear stresses will vary periodically in
time as the wave continues. These shear stresses and their associ-
ated shear deformations will gradually rearrange the soil grains at
the expense of the pore volume of the soil. The latter will pres-
surize the pore water and presumably lead to the buildup of pore
water pressure. During this continuous progressive buildup, the
pore water pressure may reach such levels that it may exceed the
value of the overburden pressure, in which case the soil grains
will become unbound and completely free, and the soil will begin
to act like a liquid—the residual liquefaction.

Sumer and Cheng (1999) developed an analytical solution for
the differential equation which governs the buildup of pore water
pressure (Eq. 1). Their solution includes the periodic shear stress
generated in the soil by the wave. Hsu and Jeng (1994) pro-
duced an analytical solution for the latter quantity, solving the
Biot equations. The present mathematical model essentially com-
bines Sumer and Cheng’s (1999) solution for the buildup of pore
water pressure, and Hsu and Jeng’s (1994) solution for the shear
stress in the soil, and was first published in the book by Sumer and
Fredsøe (2002). Since its publication the model has been widely
acknowledged and used for making assessment of the liquefaction
potential of soils under waves. Despite the fact that the model has
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been around for quite some time, it has not yet been validated
against experiments. The purpose of the present study is to test
and validate the model against a series of controlled experiments
carried out under the present investigation.

MATHEMATICAL MODEL

Fig. 1 presents the definition sketch. The seabed soil is sub-
jected to a progressive wave with wave height H and wave
period T . The conditions are such that the pore water pressure
builds up under the cyclic action of the wave. Fig. 2 illustrates
a typical time series of the pore water pressure (obtained in the
present laboratory experiments); p in this figure is the pore water
pressure in excess of hydrostatic pore water pressure. The wave
height in the test is H = 18 cm and the wave period T = 106 s (the
water depth being h= 55 cm). The depth where the pore pressure
was measured is z= 24 cm. As seen from Fig. 2, with the intro-
duction of waves, the pore water pressure builds up, attains a max-
imum value, subsequently falls off, and eventually is completely
dissipated. This sequence of processes is schematically described
in Fig. 3, adapted from Sumer et al. (2006). The quantity p̄ in
Fig. 3 is the period-averaged pore water pressure p (Eq. 2), in
which p is the pore water pressure in excess of hydrostatic pore
water pressure. A full description of these processes is given in
Sumer et al. (2006); see also Miyamoto et al. (2004). Fig. 4 is
a close-up picture of Fig. 2 over approximately the first 20 s of
the pressure record where the pore water pressure builds up, and
eventually attains a maximum value. The present mathematical

Fig. 1 Definition sketch




