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Influence of Joint Distribution of Wave Heights and Periods on Reliability
Analysis of Wave Run-up
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Abstract : A reliability analysis model for studying the influence of joint distribution of wave heights and periods
on wave run-up is presented in this paper. From the definition of failure mode related to wave run-up, a reliability
function may be formulated which can be considered uncertainties of water level. In particular, the reliability
analysis model can be directly taken into account statistical properties and distributions of wave periods by
considering wave period in the reliability function to be a random variable. Also, variations of wave height
distribution conditioned to mean wave periods can be taken into account correctly. By comparison of results of
additional reliability analysis using extreme distributions with those resulted from joint distribution of wave height
and periods, it is found that probabilities of failure evaluated by the latter is larger than those by the former. Although
the freeboard of sloped-breakwater structures can be determined by extreme distribution based on the long-term
measurements, it may be necessary to investigate additionally into wave run-up by using the present reliability
analysis model formulated to consider joint distribution of a single storm event. In addition, it may be found that the
effect of spectral bandwidth parameter on reliability index may be little, but the effect of wave height distribution
conditioned to mean wave periods is straightforward. Therefore, it may be confirmed that effects of wave periods
on the probability of failure of wave run-up may be taken into account through the conditional distribution of wave
heights. Finally, the probabilities of failure with respect to freeboard of sloped-breakwater structures can be
estimated by which the rational determination of crest level of sloped-breakwater structures may be possible.

Keywords : wave run-up, reliability analysis, sloped-breakwater structures, freeboard, joint distribution of
wave height and periods
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Fig. 1. Definition sketch for run-up analysis.
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Table 1. Statistical properties and distributions of random
variables in reliability function of Eq. (2a)

X By, COVy; Distribution

A, 1.05 0.20 Normal

B, -0.67 0.20 Normal
tana 0.667 0.05 Normal

Som 0.032 0.25 Normal
H(m) 5.0 0.16 Gumbel
h(m) 15.0 0.07 Normal
h(m) 25.0 - Deterministic

Table 2. Statistical properties and distributions of random
variables in reliability function of Eq. (2b)

X Ky, COVy; Distribution
A, 1.05 0.20 Normal
B, -0.67 0.20 Normal
T (sec) 10.0 - Marginal
H (m) 5.0 - Conditional
h(m) 15.0 0.07 Normal
tanor 0.667 0.05 Normal
h(m) 250 - Deterministic
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Table 3. Random variables at design point evaluated by reliability function, Eq. (2a)
Iteration No. A, B, tanar Som H(m) h(m)
0 1.050 -0.670 0.667 0.032 5.000 15.000
1 1.435 -0.725 0.671 0.0299 6.222 16.955
2 1.355 -0.714 0.670 0.0304 6.667 16.637
3 1.311 -0.707 0.669 0.0306 6.957 15.512
4 1.289 -0.704 0.669 0.0307 7.114 16.461
5 1.278 -0.703 0.669 0.0308 7.193 16.439
6 1.273 -0.702 0.669 0.0308 7.231 16.430
7 1.271 -0.702 0.669 0.0308 7.249 16.425
8 1.270 -0.702 0.669 0.0308 7257 16.423

Iteration number

Fig. 2. Variation of reliability index calculated by reliability
function, Eq. (2a).
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Fig. 3. Variation of influence coefficients calculated by reliabil-
ity function, Eq. (2a).
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Table 4. Random variables at design point evaluated by reliability function, Eq. (2b)

Iteration No. 4, B, tana Sy H(m) h(m)
0 1.050 -0.670 0.667 10.000 4.500 15.000
1 1.217 -0.696 0.669 10.345 9.289 15.772
2 1.179 -0.689 0.668 10.267 9.331 15.619
3 1.176 -0.689 0.668 10.252 9.352 15.609
4 1176 -0.688 0.668 10.251 9.353 15.607
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Fig. 4. Variation of reliability index calculated by reliability
function, Eq. (2b).
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Fig. 5. Variation of influence coefficients calculated by retiabil-
ity function, Eq. (2b).
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Marginal probability density function

Fig. 7. Marginal probability density function of wave periods

for various spectral bandwidth parameter, v.

Table 5. Reliability index and probability of failure with

respect to spectral bandwidth parameter, v

v B PA%)

0.05 1.724 4235174
0.10 1.723 4244208
0.20 1.720 4271404
025 1.717 4298740
030 1714 4326218
0.40 1.709 4372329
045 1708 4381598

174

170 T T T T T T — T
0.0 0.1 02 03 0.4 03

Fig. 8. Variation of reliability index with respect to spectral
bandwidth parameter, v.
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Fig. 9. Conditional probability density function of wave heights
for several mean periods, Tz.

Table 6. Reliability index and probability of failure with
respect to mean wave period T,

T (sec) B Pr(%0)
6.0 2483 0.651395
8.0 1.980 2.384984

10.0 L1717 4.298740
12.0 1.561 5.925980
14.0 1.463 7.173189

9 A5l e 9| A1l SRt 2 A

2 HUF71E ASA7IHEA A=A "A Fig. 990
v=0.25 BT & dire] 2AFEUEITE e}

ik, Longuet-nggms(1983)°ﬂ sl Agd A &
Y3t FZF,E eI ot A2 siMe] Hale
Table 65 Fig. 10°] AT 2 A H35
715 oJ9A Aosii=ttol i} g R I ] o] Ga}

80 100 12.0 4.0

Tz (sec)

Fig. 10. Variation of reliability index with respect to mean
periods, Tz.
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Table 7. Reliability index and probability of failure with
respect to freeboard F,

F(m) p PA%)
6.0 0315 37.638090
8.0 1.038 14.963680

10.0 1.717 4.298740
12.0 2372 0.884579
14.0 3.037 0.119480

400

00

60 8.0 10.0 120 14.0
Freeboard, Fc (m)

Fig. 11. Probability of failure with respect to freeboard, Fc.
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