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Reliability Analysis of Stability of Armor Units on
Rubble-Mound Breakwaters
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Abstract [] A probability density function of reliability function is derived in this paper, by which the stability
of armor units on the rubble-mound breakwater can be studied on the probabilistic approach. To obtain the
distribution, each random variable of the reliability function is assumed to follow Gaussian distribution. The
distribution function of reliability function is in agreement with the histogram simulated by the Monte-Carlo
method. In addition, the failure probability of armor units on the rubble-mound breakwater evaluated by the derived
probability density function is shown to have the same order of magnitude as those calculated by FMA and AFDA
of moment method. In particular, it is important to note that random variables of the reliability function may be
considered to be statistically independent in the reliability analysis of armor units on the rubble-mound breakwater.
Therefore, the present approach may be straightforwardly applicable to all of the cases that any random variables in
the reliability function are controlled by other distribution functions as well as normal distribution.

Keywords : rubble-mound breakwater, reliability analysis, moment method, probability density function, Monte-
Carlo method
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Fig. 1. Comparison of the probability density function of reli-
ability function derived in this paper with histogram
simulated by Monte-Carlo method.
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Table 1. Mean and standard deviation of variables used in reliability analysis.

Variable, X; Su D (m) H, (m) T(s) cot o P N, A [
Mean, ux; 10 1.0 3.0 6 4 0.5 1000 1.6 6.2
Standard Deviation, Ox; 2 0.2 05 1 0 0 0 0 0
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Table 2. Comparison of failure probabilities of armor unit on
the rubble-mound breakwater evaluated by several

methods.
Monte-Carlo FMA AFDA Present
Method Method  Method Method
P[Z<0] 0.0 5.1x10°%  4.7x10°  5.2x10°
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Fig. 2. Probability density functions of reliability function with
respect to the variation of p, for p,=0.0.
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Fig. 3. Probability density functions of reliability function with
respect to the variation of p, for p,=0.5.
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Fig. 4. Failure probability of the armor unit on the rubble-
mound breakwater in one year as a function of damage
level for p=0.0 and p,=0.5.
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Fig. 5. Failure probability of the armor unit on the rubble-
mound breakwater in life time as a function of damage
level for p,=0.0.
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Table 3. Summary in each iteration calculated by AFDA of moment method.

Iteration Variable,

Assumed Design

Reliability Index,  Updated Design

9z .
No. X, Point, X;* (ax',.), i B Point, X.*

Sa 10 0.993 0.186 9.027
1 D (m) 1 4965 0931 2615 0514
H (m) 3 1392 -0.261 : 3343
T (s) 6 -0.929 0.174 6.455
Sa 9.027 0.554 0.107 9.444
) D (m) 0514 4.864 0.938 2 508 0.512
H (m) 3.343 -1.405 0271 : 3.353
T(s) 6.455 0971 -0.187 0.486
Ss 9.444 0.531 0.102 9.469
D (m) 0512 4.909 0.939 0511

3 2601
H (m) 3353 -1.408 0269 3.351
T (s) 6.486 0971 0.186 6.484
Sa 9.469 0531 0.101 9.474
D (m) 0511 4912 0.940 0.511

4 2.602
H (m) 3351 -1.408 -0.269 3.351
T (s) 6.484 0971 -0.186 0.484
Sa 9.474 0.531 0.101 9.474
S D (m) 0511 4912 0.940 2602 0511
H (m) 3.351 -1.408 -0.269 : 3.351
T (s) 6.484 0971 -0.186 6.484

$ AFAE, pE AN § ok ojdf AldrE AF
A, B A @AY RS, BE B, Bu=Pi

7 RS HAx wEHoE A

[e]
AHE

A

ol A& AXTHE kA Table 10] Foi
ABE o83l Ak FAE- o7} Table 3 AAEATH.

3l

o) dg, 1999. AR SEA ] A Hahdol that &

3 4, NBESHI=EA@WAE.

Ang, AH-S. and Tang, WH., 1984. Probability Concepts in
Engineering Planning and Design, John Wiley & Sons,

New York, NY.

Bruun, P, 1985. Design and Construction of Mounds for
Breakwaters and Coastal Protection, Elsevier, New York, NY.
CIRIA/CUR, 1991. Manual on the use of rock in coastal and
shore engineering, Center for Civil Engrg. Research and
Codes Rep. 154, Special Publication 83, Construction

Industry Research and Information Association, UK.

Mizumura, K., Yamamoto, M., Endo, T. and Shiraishi, N.,

1988. Reliability analysis of rubble-mound breakwater,
Proc. 21st Coastal Engrg. Conf., ASCE, pp. 2053-2062.
Koev, K.N., 1992, Statistical analysis of formulas for

breakwater armor layer design, J. Wirway.,, Port, Coast.
and Oc. Engrg., ASCE, 118(2), pp. 213-219.

Ochi, M.K., 1990. Applied Probability and Stochastic Pro-
cesses in Engineering and Physical Sciences, John Wiley &
Sons, New York, NY.

Shore Protection Manual, 1984. 4th Ed., U.S. Army Corps of
Engrs., Coast. Engrg. Res. Ctr., Washington, D.C.

Van der Meer, J.W.,, 1987. Stability of breakwater armour
layers-Design formulae, Coast. Engrg., 11, pp. 219-239.
Van der Meer, J.W., 1988. Deterministic and probabilistic
design of breakwater armor layers, J. Wrrway., Port, Coast.

and Oc. Engrg., ASCE, 114(1), pp. 66-80.

Vidal, C.V.,, Losada, M.A. and Mansard, E.P.D., 1995. Suitable
wave-height parameter for characterizing breakwater sta-
bility, J. Wtrway,, Port, Coast. and Oc. Engrg., ASCE,
121(2), pp. 88-97.

Wang, H. and Peene, S.J., 1990. A probabilistic model of rubble
mound armor stability, Coast. Engrg, 14, pp. 307-331.

Yamamoto, M., Mizumura, K., Endo, T. and Shiraishi, N., 1988.
Reliability based design of rubble-mound break-water, Proc.
21st Coastal Engrg. Conf., ASCE, pp. 2063-2074.

Received August 9, 1999
Accepted October 13, 1999



