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Abstract : In case of the seabed around and under gravity structures such as submerged breakwater is exposed to a
large wave action long period, the excess pore pressure will be generated significantly due to pore volume change
associated with rearrangement soil grains. This effect will lead a seabed liquefaction around and under structures as
a result from decrease in the effective stress. Under the seabed liquefaction occurred and developed, the possibility
of structure failure will be increased eventually. In this study, to evaluate the liquefaction potential on the seabed
quantitatively, numerical analysis was conducted using the expanded 2-dimensional numerical wave tank model and
the finite element elasto-plastic model. Under the condition of the regular wave field, the time and spatial series of
the deformation of submerged breakwater, the pore water pressure (oscillatory and residual components) and pore
water pressure ratio in the seabed were estimated.

Keywords : submerged breakwater, regular waves, pore water pressure(oscillatory and residual components), pore

water pressure ratio, liquefaction
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(a) Quay at Malaga(2004)

Photo 1. Failure of quay walls at Malaga and Barcelona in Spain(José and Vicente, 2011).
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(b) Quay at Barcelona(2007)
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Fig. 1. Schematic sketch of the numerical wave tank used in 2D-NIT model.
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Table 1. Soil properties in numerical simulation.

Shear modulus Bulk modulus Poisson’s ratio  Porosity Internal friction angle
Seabed 5.0x10°kPa 1.304x10°kPa 0.33 0.30 38°
Submerged breakwater 1.0x10°kPa 1.590x10’kPa 0.24 0.33 45°
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Fig. 6. Comparison between measured and calculated pore water pressures.
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Fig. 7. Schematic sketch of the numerical wave-soil tank used in 2D-NIT & FLIP models. (P1~P15: Calculation points of pore water pres-
sure, and E1, E2: Calculation points of submerged breakwater displacement)
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Table 2. Soil properties for silty-sand in this numerical analysis.
Shear ., Internal Parameters for liquefaction characteristic
Bulk Poisson’s . ..
modulus dulus(kP i Porosity  friction .
(kPa) modulus(kPa)  ratio angle(’) 2,) S, w, 12 D ¢
Seabed N=3 3.554x10* 9.270x10 0.33 0.45 37 28.00  0.005  4.070 0.5 1.073 1.161
eabe
N=5 4.840x10" 1262x10° 0.33 0.45 38 28.00 0.005 4.634 0.5 1.037  1.548
Submerged
g 2477x10°  6.461x10° 0.33 045 45 - - - - - -
breakwater
Here, ¢,(°) : Phase transformation angle
S, : Ultimate limit of dilatancy
w, : Overall cumulative dilatancy
p, : Initial phase of cumulative dilatancy
P, : Final phase of cumulative dilatancy
¢, : Threshold limit for dilatancy
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Fig. 9. Time histories of vertical displacement according to variations of incident wave height, period and N value.
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Fig. 18. Time history of pore water pressure ratio at the point P14.
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