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Simulation of Solitary Wave-Induced Dynamic Responses of Soil
Foundation Around Vertical Revetment
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Abstract : Tsunami take away life, wash houses away and bring devastation to social infrastructures such as
breakwaters, bridges and ports. The targeted coastal structure object in this study can be damaged mainly by the
tsunami force together with foundation ground failure due to scouring and liquefaction. The increase of excess pore
water pressure composed of oscillatory and residual components may reduce effective stress and, consequently, the
seabed may liquefy. If liquefaction occurs in the seabed, the structure may sink, overturn, and eventually increase
the failure potential. In this study, the solitary wave was generated using 2D-NIT(Two-Dimensional Numerical
Irregular wave Tank) model, and the dynamic wave pressure acting on the seabed and the estimated surface
boundary of the vertical revetment. Simulation results were used as an input data in a finite element computer
program(FLIP) for elasto-plastic seabed response. The time and spatial variations in excess pore water pressure,
effective stress, seabed deformation, structure displacement and liquefaction potential in the seabed were estimated.
From the results of the analysis, the stability of the vertical revetment was evaluated.

Keywords : solitary wave, seabed, vertical revetment, dynamic response and behavior, effective stress, excess pore
water pressure, liquefaction
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Fig. 1. Schematic sketch of the numerical wave tank used in 2D-NIT model.
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Table 1. Parameters used in the experiment and 2D-NIT

and FLIP models

Permeability 1.5%10-5 m/sec
Porosity 0.39
Poisson ratio 0.4
Friction angle 35°
Dilatancy angle 20°
Pore fluid bulk modulus 4.0MPa
0.6
T Numerical —
0.4 — T ----- Measured

Wave height (m)

Fig. 4. Comparison of the predicted and measured wave elevation
time history at x =27 m.
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Fig. 3. Elevation view of the experimental setup. The triangular area between 12 and 41.5 m is the mobile sand bed, which sits on the con-

crete bottom of the flume (Young et al., 2009).
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Fig. 6. Schematic diagram of the numerical wave tank domain used for this numerical simulation.
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Table 2. Soil properties used for this numerical simulation

Soil tvpes Saturated unit Shear modulus  Bulk modulus Initial effective Internal friction Cohesion Porosi Poisson’s
P weight(kN/m®) (kPa) (kPa) stress(kPa) angle(°) (kPa) R4 ratio
Sand 7.053 x 10 1.839 x 10° 98 36 - 0.46 033
Backfill 20 8.500 x 10 2.126 x 10° 98 37 - 0.43 033
Gravel 1.801 x 10° 4.800 x 10° 98 50 - 0.46 0.25
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Fig. 7. Measuring points(N1, N2 and N3: measuring points of dynamic displacement and accelerations of revetment, and points 1~26: mea-
suring points of excess pore water pressure, mean effective stress and excess pore water pressure ratio.
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Fig. 11. Excess pore water pressure, mean effective stress and excess pore water pressure ratio at the points 1~4.
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Fig. 12. Excess pore water pressure, mean effective stress and excess pore water pressure ratio at the points 5~8.
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Fig. 13. Excess pore water pressure, mean effective stress and excess pore water pressure ratio at the points 9 and 10.
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Fig. 15. Excess pore water pressure, mean effective stress and excess pore water pressure ratio at the points 13~16.
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