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Abstract : The expected sliding distance for the lifetime of a caisson breakwater has a limitation to be used as
the stability criterion of the breakwater. Since the expected sliding distance is calculated as the mean of simulated
sliding distances for the lifetime, there is possibility for the actual sliding distance to exceed the expected sliding
distance. To overcome this problem, the exceedance probability of the allowable sliding distance is used to assess
the stability of sliding. Latin Hypercube sampling and Crude Monte Carlo simulation were used to calculate the
exceedance probability. The doubly-truncated normal distribution was considered to complement the physical
disadvantage of the normal distribution as the random variable distribution. In the case of using the normal
distribution, the cross-sections of Okgye, Hwasun, and Donghae NI before reinforcement were found to be
unstable in all the limit states. On the other hand, when applying the doubly-truncated normal distribution, the
cross-sections of Hwasun and Donghae NI before reinforcement were evaluated to be unstable in the repairable
limit state and all the limit states, respectively. Finally, the shortcoming of the expected sliding distance as the
stability criterion was investigated, and we reasonably assessed the stability of sliding of caissons by using the
exceedance probability of allowable sliding distance for the caisson breakwaters in Korea.

Keywords : Caisson breakwater, Allowable sliding distance, Exceedance probability, Doubly-truncated normal
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Table 1. Significant wave heights and periods of 50 years return period and estimated parameters of Gumbel distribution of extreme

wave heights

No. Name Wave Wave Parameters
height (m) period (s) k A
1 Okgye 7.7 14.0 1.050 3.976
2 Hwasun 9.4 14.0 1.276 6.335
3 Donghae NG (Bef) 7.4 12.0 0.960 3.324
4 Donghae NH (Bef) 7.4 12.0 0.960 3.324
5 Donghae NI (Bef) 73 12.0 0.973 3.279
6 Donghae NG (Aft) 7.4 12.0 0.960 3.324
7 Donghae NH (Aft) 7.4 12.0 0.960 3.324
8 Donghae NI (Aft) 7.3 12.0 0.973 3.279
9 Ulsan A 6.7 13.0 1.125 3.224
10 Ulsan B 6.3 13.0 1.197 3.031
11 Ulsan C 5.4 13.0 1.396 2.598
12 Uleung 7.0 11.0 1.156 3.615

Table 2. Typical coefficients of variation J(=o,/u,) for measured and calculated sea state parameters

Parameter Methods of Determination ~ d(=o0,/u,)  Bias (=u,/X-1) Comments
Significant wave height nearshore
; .. . h
determined from offshore significant wave Numerical models 0.1-0.2 0.1 larggr(:i?lns?);?ch:ses
height accounting for shallow-water effects &
Mean wave period offshore on condition Hindcast, 01-02 0.0

of fixed significant wave height

Numerical models

o AclelHe] 2 % 5 A, Qke]
NOWPHAS(Nationwide Ocean W:
for Ports and HArbourS) AF5 5-& 433}0] A A1}
L8k 3ol tislA Goda(2003)7F AA S 2]

] 7} /K].__x g9l

Wave information network

o|garE R folut 7719] w84dE Table 38} o] A|
AlEF3ATE. Oﬂfﬂ 3317} ol F Aol WAsATT}
2] uk Y A] ghe2 Burcharth7]- Akt ZhE 0.1~0.2)7
n|s=siet, i bt T7] FF7 9 22 ks AHESFiTt

23 4 HIfRA, o2, 0fEAS

Oumeraci et al.(2001)2 #5%E 323} Goda(1974)
I oz Axkd 542 8 o] thEk Helo} HEATE
Table 48} o] AAISHATE 3H= Akl A o F-22] 7
5 Goda 3212 AH-shtt, whetba] S55F APgol AR
HE 38 Goda 32102 AlAke gEe] A3t A

Table 3. The coefficient of variation of significant wave period according to significant wave height in Korea

Eastern sea Western sea Southern sea
H=3~10m H=10~14 m H=2~11 m H=3~6 m H=6~11 m H=11~15m
0.13 0.07 0.10 0.21 0.12 0.04

Table 4. Typical coefficients of variation 6(=cy/1ty) for measured and calculated force parameters

Parameter NG Bias(=u,/X 1) Upper bound(=X,/X,) Lower bound(=X,/X)
Horizontal force F, 0.222 -0.10 0.48 1.42
Vertical force F; 0.260 -0.23 - -
Friction coefficient f 0.15 0.06 0.71 1.43
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Fig. 1. Random sample of friction coefficient from (a) normal distribution and (b) doubly-truncated normal distribution.
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Table 5. Exceedance probability of allowable sliding distance over the lifetime of structure

Limit State

Importance of Structure

(Allowable sliding distance) Upper bound Normal Lower bound
Repairable limit (0.1 m) 15 % 30 % 50 %
Ultimate limit (0.3 m) 5% 10 % 20 %
Collapse limit (1.0 m) 25 % 5% 10 %
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Table 6. Exceedance probabilities of different allowable sliding distances and expected sliding distances calculated using normal
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No Name Py(S>0.1m) % P (S>03m) % PS>1.0m) % S, (m)
1 Okgye 44.12 23.87 9.89 0.451
2 Hwasun 77.01 46.23 20.45 0.910
3 Donghae NG(Bef) 3.67 0.82 0.18 0.025
4 Dongha NH(Bef) 14.85 473 1.26 0.087
5 Donghae NI(Bef) 63.62 47.84 26.96 1.148

6 Donghae NG(Aft) 0.04 0.01 0.00 4.22E-04
7 Donghae NH(Aft) 0.22 0.07 0.02 0.002
8 Donghae NI(Aft) 2.52 1.32 0.42 0.022
9 Ulsan A 10.37 6.61 3.35 0.136
10 Ulsan B 10.68 6.81 342 0.144
11 Ulsan C 12.86 8.76 4.82 0.187
12 Uleung(Sadong) 3.37 1.664 0.594 0.029

Table 7. Same as Table 6 but calculated using doubly-truncated normal distributions

No Name P(S>0.1m) % P(S>0.3m) % P (S>1.0m) % S, (m)
1 Okgye 16.32 4.82 0.70 0.073
2 Hwasun 33.52 8.60 1.19 0.128
3 Donghae NG(Bef) 0.06 0.00 0.00 0.003
4 Dongha NH(Bef) 3.82 0.43 0.03 0.020
5 Donghae NI(Bef) 46.98 30.22 12.54 0.485

6 Donghae NG(Aft) 0.00 0.00 0.00 1.17E-06

7 Donghae NH(Aft) 0.00 0.00 0.00 1.10E-04
8 Donghae NI(Aft) 0.27 0.08 0.00 0.002
9 Ulsan A 4.92 2.73 0.93 0.042
10 Ulsan B 5.35 2.85 0.92 0.046
11 Ulsan C 6.31 3.78 1.49 0.061
12 Uleung(Sadong) 0.87 0.26 0.05 0.006
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Fig. 8. Comparison of exceedance probabilities between nor-
mal distribution and doubly truncated normal distribu-
tion in the repairable limit state.
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Fig. 9. Comparison of exceedance probabilities between nor-
mal distribution and doubly truncated normal distribu-
tion in the ultimate limit state.
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Fig. 10. Comparison of exceedance probabilities between
normal distribution and doubly truncated normal
distribution in the collapse limit state.
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Fig. 11. Comparison of expected sliding distance between
normal distribution and doubly truncated normal
distribution.
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Fig. 12. Relative frequency of accumulated sliding distance
during the life time calculated using the normal
distribution in Hwasun harbor.
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Fig. 13. Same as Fig. 12 but for the range of 0 to 1 m.
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Fig. 14. Relative frequency of accumulated sliding distance
during the life time calculated using doubly-truncated
normal distribution in Hwasun harbor.
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Fig. 15. Same as Fig. 14 but for the range of 0 to 1 m.
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Fig. 16. Relationship between the mean of upper 10% sliding
distance and the expected sliding distance.
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