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Abstract

Wave-induced response, liquefaction and stability of unsaturated seabed are studied. The
unsaturated seabed is modeled as a fluid-filled poro-elastic medium. The coupled process
of fluid flow and the deformation of soil skeleton is formulated in the framework of Biot's
theory. The resulting governing equations are solved using a semi-analytical method to
evaluate the stresses and pore water pressure of unsaturated and multi-layered seabed. The
semi-analytical method can be applied to calculate a pore pressure and the stresses of in
anisotropic inhomogeneous seabed. The results indicate that the degree of s_aturation
influences mostly on the magnitudes of a pore pressure and the stresses of unsaturated and
multi-layed seabed. Based on the pore pressure and stresses in seabed, the analysis on the
possibilities of liquefaction and shear failure was performed. The results show that the
maximum depth of shear failure occurrence is deeper than the maximum liquefaction depth.
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Fig. 1. Wave induced stresses in seabed
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Fig. 3. Mechanism of wave-induced shear failure
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Table 1. The conditions of the input wave

#4 dy (m) 7
#3, H (m) 52
7371, T (sec.) 7.45
#%, L (m) 60
a7 Ay, H/L 0.087
SASF A AL, (H/L) 0.089

Table 2. The material properties coarse,
medium, fine sand and silt.

Coarse | Medium | Fine
sand  |fine sand| sand

FAF, K (m/sec.)| 1072 0% | 107 {107
AekAl, G (KPa) | 15000 | 10000 {10000 7500

Fobg Hl, vy 0.33 0.33 0.33 {033
LFE, 1 0.3 0.3 03 | 03
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(b) The normalized effective vertical stress
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(d) The normalized shear stress

Fig. 4. The normalized stress in a homogeneous seabed with the various degrees of saturation
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(b) The normalized effective vertical stress

Fig. 5. The normalized stress in a homogeneous seabed with the various coefficients of
permeability and shear modulus (S,=0.98, Units: G=GPa. and k=m/sec
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Fig. 6 Maximum depth of liquefaction in a
homogeneous seabed(Unit: k=m/sec.)
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Fig. 7 The possible shear failure zone in a
homogeneous seabed
(dw=7m, k=0.0001 m/sec)
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Fig. 8. The normalized stress in two fully saturated layered seabed
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(b) The normalized effective vertical stress

Fig. 9. The normalized stress in two layered seabed (the top layer: S;=0.99, the bottom layer: S=1.0)
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(a) The normalized pore water pressure
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(b) The normalized effective vertical stress

Fig. 10. The normalized stress in three layered seabed (the top and bottom layers: S,=1.00,
the middle layer(location: 0.05L, thickness: 0.05L, S,=0.96, 0.98, 0.99)
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