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Abstract : Seabed beneath and near the coastal structures may undergo large excess pore water pressure composed of
oscillatory and residual components in the case of long durations of high wave loading. This excess pore water pressure
may reduce effective stress and, consequently, the seabed may liquefy. If the liquefaction occurs in the seabed, the
structure may sink, overturn, and eventually fail. Especially, the seabed liquefaction behavior beneath a gravity-based
structure under wave loading should be evaluated and considered for design purpose. In this study, to evaluate the
liquefaction potential on the seabed, numerical analysis was conducted using 2-dimensional numerical wave tank. The 2-
dimensional numerical wave tank was expanded to account for irregular wave fields, and to calculate the dynamic wave
pressure and water particle velocity acting on the seabed and the surface boundary of the structure. The simulation results
of the wave pressure and the shear stress induced by water particle velocity were used as inputs to a FLIP(Finite element
analysis LIquefaction Program). Then, the FLIP evaluated the time and spatial variations in excess pore water pressure,
effective stress and liquefaction potential in the seabed. Additionally, the deformation of the seabed and the displacement
of the structure as a function of time were quantitatively evaluated. From the analysis, when the shear stress was
considered, the liquefaction at the seabed in front of the structure was identified. Since the liquefied seabed particles have
no resistance force, scour can possibly occur on the seabed. Therefore, the strength decrease of the seabed at the front of
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the structure due to high wave loading for the longer period of time such as a storm can increase the structural motion and

consequently influence the stability of the structure.

Keywords : Wave loading, deformation of seabed, displacement of structure, excess pore water pressure, effective

stress, liquefaction
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Fig. 1. Mechanisms of wave-induced oscillatory and residual
excess pore water pressures(Jeng et al., 2000).
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Fig. 2. Schematic sketch of the numerical wave tank used in 2D-NIT model.
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Fig. 5. Comparison of dynamic responses between Yamamoto model and 2D-NIT & FLIP model.
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Table 1. Soil properties applied to the numerical analysis by 2D-
NIT & FLIP in case of Fig. 5
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Table 2. Physical properties of the seabed soil

. . Maximum dry 3
Water depth 90 cm Wave height 10 cm Specific gravity 2654 density 1.607 glem
Wave period 2 sec Width of soil 50 cm Mlnlmum 1.286 g/em’ Mean diameter  0.220 mm
layer dry density
Initial effective 73 5 1pa  Shear modulus 1.177x10°kPa Coefficient of -, ;)5 Coefficient of = 3
stress uniform curvature
Bulk modulus  3.069x10*kPa Poisson's ratio 0.33 Soil type(Unified
: Soil Classification SP
Saturated unit 3 .
weight 20.92 kKN/m Porosity 0.509 System)
Bul;;zo:zg: of 2.2x10° kpa Irgz;nzlng]:- 31.81(%) Table 3. Other physical soil properties applied to FLIP model
Liquefaction Internal friction 30° Porosity 0.509
0 angle

parameters
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Fig. 6. Comparisons of dynamic stresses between experiment, Yamamoto model and 2D-NIT & FLIP model.
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Table 4. Sand properties used for this numerical simulation
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Soil types Sani;z::tizc}ll:lnlt Shear modulus Bulk modulus eg::l;?\l/e Internal fric- Cohesion Porosity Poisson's
(kN /m3) (kPa) (kPa) stress(kPa) tion angle(") (kPa) ratio
Sand1 5.46x10°* 1.42x105 98 36 - 0.469 0.33
Sand2 20 8.67x10° 2.26x10° 98 39 - 0.442 0.33
Sand3 10.06x10* 2.62x10° 98 40 - 0.43 0.33
Gravel 7.5x10° 1.95x10° 98 50 - 0.45 0.25
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Fig. 9. Time history of dynamic wave pressure.
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