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Numerical Analysis on Liquefaction Countermeasure of Seabed under Submerged
Breakwater Using Concrete Mat Cover (for Irregular Waves)

o]FF* - F-ITYhxx . Z)E Lok . FI T Ak . 7] g]] § e
Kwang-Ho Lee*, Heung-Won Ryu**, Dong-Wook Kim**, Do-Sam Kim*** and Tae-Hyung Kim***

i

2 KAl B FUATEE S A el o] BARE AHgeks A9 A e AAwsE
Sor A S i) S WA 5 51 oo S els] el 1] Y o 3 5
5ro] SR s WA 4 Slov], SRel o] Askbale Fs ol Slek, e, IS E A
7] 9% oiRPoR sl B9 ZANENES AL Ease] P FAMS 2 Akl
e W R} Gshe 2 eIt B olpoe Asiole mAe WiRue tos st 9
Mol g8 FAT FANPIS A8l DA BAMS 9 A 15, e B3 e X
WA A PSS Rte] A9e) olshaA g Ths e BESI o2 RirHsHE sl s
BetElEERe] el 3 s hE A 9 5 e B39 2 ol 2asimi )
A BiFEste folsl sk SRS AT A% Sl U kP A
e e B o st

HAIZO| : A, SA A, Bt A, B EvhE, obgal 1354 BA W

_
r\l

d

Abstract : In the 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 significantly generated due to pore volume
change associated with rearrangement soil grains. This effect will lead a seabed liquefaction around and under
structures as a result of the decrease in the effective stress, and eventually the possibility of structure failure will be
increased. The study of liquefaction potential for regular waves had already done, and this study considered for
irregular waves with the same numerical analysis method used for regular waves. Under the condition of the
irregular 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 and their results
were compared with those of the regular wave field to evaluate the liquefaction potential on the seabed quantita-
tively. Although present results are based on a limited number of numerical simulations, one of the study’s most
important findings is that a safer design can be obtained when analyzing case with a regular wave condition
corresponding to a significant wave of the irregular wave.

Keywords : submerged breakwater, seabed, liquefaction, concrete mat, pore water pressure ratio, dynamic response,
irregular waves
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Fig. 1. Schematic sketch of the numerical regular wave-submerged breakwater-soil tank used in 2D-NIT & FLIP models.
(P1~P27: Calculation points of pore water pressure ratio, E1, E2: Calculation points of submerged breakwater displacement)
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Table 1. Properties for silty-sand, submerged breakwater and concrete mat in this numerical analysis.

Shear modulus Bulk Poiss.on’s Porosity Internal friction ~ Parameters for liquefaction characteristic
(kPa) modulus(kPa) ratio angle(®) ?,0) S, w, P1 P ¢
Seabed N=3  3.554x10' 9.270x10" 0.33 0.45 37 28.00 0.005 4.070 05 1.073 1.161
N=5  4.840x10 1.262x10° 0.33 0.45 38 28.00 0.005 4634 05 1.037 1.548
i?:;‘k“vevrag;‘: 2477x10°  6461x10° 033 045 45 - - - - - -
Concrete mat  3.040x10’ - 0.20 - - - - - - . }

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. 2. Time history of horizontal displacements according to variations of significant wave height, period and the length of concrete mat

for N=3.
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Table 2. Reduction ratio of displacement according to the wave conditions and the length of concrete mat for N = 3.

Wave Conditions Concrete mat(L = 6 m)

Concrete mat(L =9 m)

Concrete mat(L = 12 m)

H, 5(m) T\4() Horizontal (%) Vertical (%) Horizontal (%) Vertical (%) Horizontal (%) Vertical (%)
05 10 22.81 29.33 27.19 34.67 29.82 3733
' 15 23.08 31.25 25.64 3542 26.92 3542
30 10 32.57 29.49 34.19 30.69 35.98 3242
’ 15 31.79 29.27 32.63 29.67 34.51 3141
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Table 3. Reduction ratio of displacement according to the wave conditions and the length of concrete mat for N = 5.

Wave Conditions Concrete mat(L =6 m)

Concrete mat(L =9 m)

Concrete mat(L = 12 m)

H, 5(m) T,5(5) Horizontal (%) Vertical (%) Horizontal (%) Vertical (%) Horizontal (%) Vertical (%)
10 16.39 24.24 18.03 27.27 19.67 27.27
03 15 15.38 21.05 15.38 21.05 15.38 21.05
10 28.84 28.37 31.76 30.21 33.84 32.06
30 15 29.62 30.29 33.87 34.98 35.94 37.39
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Fig. 22. Spatial distribution of pore water pressure ratio under irregular wave loading at #=599.0s for N=3, H,;=3.0m, T,;=10s when the

concrete mat is not.
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Fig. 23. Spatial distribution of pore water pressure ratio under irregular wave loading at #=599.0 s for N=3, H,;=3.0 m, T,;= 10 s when the length

of concrete mat is 12 m.
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Fig. 24. Spatial distribution of pore water pressure ratio under regular wave loading at #=599.0 s for N=3, H=3.0 m, 7= 10 s when the length of

concrete mat is 12 m.
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