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Abstract : A reliability analysis model is developed for evaluating the crest freeboard of vertical breakwaters based
on the concepts of maximum overtopping volume of individual wave. A reliability function is formulated by
defining the margin of admissible overtopping volume and maximum overtopping volume that is depend on the
number of overtopping waves, dimensionless crest freeboard, and mean overtopping discharge. In addition, Level
IIT MCS technique is straightforwardly suggested by which the related empirical parameters to reliability function
can be considered to be random variables with the wide range of different uncertainties. It can be possible to
calculate the probabilities of failure according to the relative crest freeboard with the variations of the incident wave
directions, the structural types of vertical breakwaters, and admissible overtopping volumes in conditions of the long
and short crested-waves.

Keywords : vertical breakwaters, maximum overtopping volume of individual wave, Level I[Il MCS technique, crest freeboard,
reliability analysis
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Table 1. Upper and lower limits of shape parameter and empirical
coefficient of mean overtopping discharge

X Yu Xl Reference
Besely(1999)

B 0.82 0.66 Verhaeghe(2005)
Allsop et al.(1995)

¢ 0.082 0.050 Franco and France(1999)

Verhaeghe(2005)

Allsop et al.(1995)

c, 2.78 3.00 Franco and France(1999)

Verhaeghe(2005)

Table 2. Admissible maximum overtopping volume of individual wave

)

q. (m’/sim)

Lower limit Upper limit

0.01 1.0 10.0
0.02 2.0 20.0
0.05 5.0 50.0
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Fig. 1. Number of overtopping waves, N,,, with respect to the rel-
ative freeboard, R.

q (m¥s/m)

Fig. 2. Mean overtopping discharge, ¢ with respect to the relative

freeboard, R.
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Fig. 3. Scale parameter, 4 with respect to the relative freeboard, R.
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Fig. 4. Maximum overtopping volume, V. with respect to the rel-
ative freeboard, R.
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Table 3. Wave conditions and types of vertical breakwater for reli-
ability analysis

Long-crested wave conditions
(H,=5.0m, T,,=10s, N, = 3,000, s,, =~ 0.02)

Case B s Ye

L-1 1.00
0 1.00

L-2 0.78

L-3 1.00
20 0.94

L-4 0.78

L-5 1.00
40 0.79

L-6 0.78

Short-crested wave conditions
(H,=5.0m, T,,=S5s, N, =3,000, s,,~ 0.04)

S-1 1.00
0 0.83

S-2 0.78

S-3 1.00
30 0.82

S-4 0.78
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Fig. 6. (a) Minimum relative freeboard with respect to the allowable
mean overtopping discharge, ¢, for long-crested waves.
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Fig. 6. (b) Minimum relative freeboard with respect to the allowable
mean overtopping discharge, g, for short-crested waves.
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Fig. 10. Simulation result of mean overtopping discharge, ¢ by MCS.
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Level III MCS method for L-5 of long-crested waves.
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Table 4. Minimum relative freeboard and its probability of failure
evaluated by MCS reliability model.
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min

L-1 1.9 100 1.7 100 1.4 81
L-2 1.5 99 1.3 70 1.1 9
L-3 1.8 100 1.6 100 1.3 59
L-4 1.4 91 1.2 52 1.0 7
L-5 1.5 99 13 77 1.1 12
L-6 1.2 29 1.0 1 0.8 3
S-1 1.3 5 1.1 0.4 0.8 0.03
S-2 1.0 0.2 0.9 0.01 0.7 0.01
S-3 1.3 4 1.1 0.3 0.8 0.02
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