
INTRODUCTION

Recently, the phenomenon of wave-seabed interaction has been
extensively studied by geotechnical and coastal engineers. The
reason for the growing interest in this problem is that many off-
shore installations (such as breakwaters, pipelines and platforms,
etc.) have been reported to be damaged by the wave-induced
seabed instability in the vicinity of structures (Silvester and Hsu,
1989).

When ocean waves propagate over the ocean, they induce
dynamic pressure fluctuations on the seafloor. These fluctuations
further generate excess pore pressures and effective stresses,
which have been recognised as dominant factors in causing the
instability of a seabed (Rahman, 1997). Thus, an evaluation of the
wave-induced soil response (including pore pressure, effective
stresses and soil displacements) is of significant importance to
geotechnical and coastal engineers involved in the design of foun-
dations for offshore installations.

Based on Biot’s theory (Biot, 1941), numerous theories of the
wave-induced soil response have been developed since the early
1940s. Among these, Yamamoto et al. (1978) and Madsen (1978)
considered two-dimensional progressive waves over an isotropic
and homogeneous seabed of infinite thickness. This model has
been further extended to a seabed of finite thickness as well as a
layered seabed (Yamamoto, 1981; Rahman et al., 1994; Hsu et al.,
1995; Jeng and Hsu, 1996). In the past few years, some advances
have been made by including anisotropic soil behaviour and non-
homogeneity (Jeng, 1997; Jeng and Seymour, 1997; Kitano and
Mase, 1999), as well as nonlinear wave components (Jeng and
Lin, 1997; Mostafa et al., 1999). However, the inertia effects have
not been considered in the aforementioned investigations.

The objective of this study is to examine the influence of inertia

forces on the wave-induced seabed response. Based on Biot’s
consolidation theory (Biot, 1941), a new closed-form analytical
solution for such a condition is derived in this paper.  Based on
the newly derived solution, the influences of inertia forces on the
wave-induced seabed response are examined.

BOUNDARY VALUE PROBLEM

Consider an ocean wave propagating over a porous seabed of
infinite thickness; the definition of the whole problem is depicted
in Fig. 1. The wave crests are assumed to propagate in the positive
x-direction, while the z-direction is measured positive upward
from the seabed surface.

For a two-dimensional wave-seabed interaction problem, and
treating the porous seabed as hydraulically isotropic with the
same permeability, the consolidation equation (Biot, 1941) can be
adjusted as:
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ABSTRACT

The analysis of wave-induced seabed response is an important factor in the design of offshore installations. However, to
simplify the complicated problem, most previous investigations have ignored the effects of inertia forces. This paper presents
a newly closed-form analytical solution to the equations governing the wave-induced seabed response, including inertia
items. The numerical results show that the inertia forces cannot always be ignored in a softer seabed. The relative difference
between the present solution (with inertia items) and the previous solution (without inertia items) may reach 5% of po under
certain combinations of wave and soil conditions.
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Fig. 1   Definition of wave-seabed interaction




