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Preliminary Study on the Development of a Performance Based Design Platform

of Vertical Breakwater against Seismic Activity - Centering
on the Weakened Shear Modulus of Soil as Shear Waves Go On

A5 2 g F
Jin Gyu Choi* and Yong Jun Cho*
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Abstract : In order to evaluate the seismic capacity of massive vertical type breakwaters which have intensively
been deployed along the coast of South Korea over the last two decades, we carry out the preliminary numerical
simulation against the PoHang, GyeongJu, Hachinohe 1, Hachinohe 2, Ofunato, and artificial seismic waves based
on the measured time series of ground acceleration. Numerical result shows that significant sliding can be resulted
in once non-negligible portion of seismic energy is shifted toward the longer period during its propagation process
toward the ground surface in a form of shear wave. It is well known that during these propagation process, shear
waves due to the seismic activity would be amplified, and non-negligible portion of seismic energy be shifted
toward the longer period. Among these, the shift of seismic energy toward the longer period is induced by the
viscosity and internal friction intrinsic in the soil. On the other hand, the amplification of shear waves can be
attributed to the fact that the shear modulus is getting smaller toward the ground surface following the descending
effective stress toward the ground surface. And the weakened intensity of soil as the number of attacking shear
waves are accumulated can also contribute these phenomenon (Das, 1993). In this rationale, we constitute the
numerical model using the model by Hardin and Drnevich (1972) for the weakened shear modulus as shear waves
go on, and shear wave equation, in the numerical integration of which Newmark-f3 method and Modified Newton-
Raphson method are evoked to take nonlinear stress-strain relationship into account. It is shown that the numerical
model proposed in this study could duplicate the well known features of seismic shear waves such as that a great
deal of probability mass is shifted toward the larger amplitude and longer period when shear waves propagate
toward the ground surface.

Keywords : weakened shear modulus, equivalent PSD, lengthened shear waves, vertical type breakwater, seismic
capacity evaluation
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Fig. 1. Stress-strain characteristics of soil.
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Fig. 3. Time series of numerically simulated sliding of vertical type breakwaters after being exposed to shear waves due to seismic activity.
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Fig. 3. Continued.
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Table 1. List of Seismic coefficient C, (Korean Ministry of Land,
Infrastructure and Transport, 1997)

Classification Seismic zone

of soil [C,] I I
S4 0.09 0.05
SB 0.11 0.07
Ne 0.13 0.08
SD 0.16 0.11
SE 0.22 0.17

Table 2. List of Seismic coefficient C,, (Korean Ministry of Land,
Infrastructure and Transport, 1997)

Classification Seismic zone

of soil [C}] I I
S4 0.09 0.05
SB 0.11 0.07
Ne 0.18 0.11
SD 0.23 0.16
SE 0.37 0.23
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20 0.18
40 0.30
60 0.41
80 0.48
>100 0.50




252 WA Ads718E Wizl A7) Platform 7HEhe 918E 712 AT - Adka) Sl pAof] mhE ANk A A4S FHeE . 315
Table 4. Values of g and b
Soil type G& ¢ Value of a Value of b
G a=-05 b=0.16
Clean dry sands ¢ a=06/N"-1 a=0.6/N"-1
G a=-02logN b=0.16
Clean saturated sands ¢ a=0.54/N"°—009 b=0.65— 0.65/N"">
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Fig. 14. Comparison of numerically simulated acceleration at the EB [Engineering Bed] of damping ration = 0.05 using Monte Carlo sim-
ulation technique with the numerically simulated acceleration at the GS [Ground Surface] based on Eq. (14).
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Fig. 15. Schematic sketch of wave by wave analysis using zero-
crossing method.
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Fig. 16. Comparison of probability distribution of acceleration
amplitude at EB [Engineering Bed] with the one at GS
[Ground Surface].
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