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Comparative Study of Reliability Design Methods by Application to Donghae
Harbor Breakwaters. 1. Stability of Armor Blocks
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Abstract : This is the first part of a two-part paper which describes comparison of reliability design methods by
application to Donghae Harbor Breakwaters. This paper, Part 1, is restricted to stability of armor blocks, while
Part 2 deals with sliding of caissons. Reliability design methods have been developed for breakwater designs
since the mid-1980s. The reliability design method is classified into three categories depending on the level of
probabilistic concepts being employed. In the Level | method, partial safety factors are used, which are pre-
determined depending on the allowable probability of failure. In the Level 2 method, the probability of failure is
evaluated with the reliability index, which is calculated using the means and standard deviations of the load and
resistance. The load and resistance are assumed to distribute normally. In the Level 3 method, the cumulative
quantity of failure (e.g. cumulative damage of armor blocks) during the lifetime of the breakwater is calculated
without assumptions of normal distribution of load and resistance. Each method calculates different design
parameters, but they can be expressed in terms of probability of failure so that the difference can be compared
among the different methods. In this study, we applied the reliability design methods to the stability of armor
blocks of the breakwaters of Donghae Harbor, which was constructed by traditional deterministic design
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methods to be damaged in 1987. Analyses are made for the breakwaters before the damage and after
reinforcement. The probability of failure before the damage is much higher than the target probability of failure
while that for the reinforced breakwater is much lower than the target value, indicating that the breakwaters
before damage and after reinforcement were under- and over-designed, respectively. On the other hand, the
results of the different reliability design methods were in fairly good agreement, confirming that there is not

much difference among different methods.

Keywords : breakwaters, armor blocks, reliablity design methods, probability of failure, reliability index
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Method)?} SORM(Second-Order Reliability Method)S
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Fig. 1. Layout of Donghae Harbor.
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Fig. 3. Cross-section of Section 11 after reinforcement. (unit: m)
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Table 1. Deepwater wave heights and periods for different return periods

Return period (yr) 10 20 30 50 70 100
Wave height (m) 6.3 7.1 7.6 8.2 8.6 9.0
Wave period (s) 10.0 11.0 12.0 13.0 13.0 14.0
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(Section 7) (3)

H,=1.168n(Tz)+3.067, T,=1.467H +1.537
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Ao EZE 2(2)9] Weibull ¥-¥2 nl2vhy 788l
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3.1 Level 1

Level 1 2154 &|21-& 9134 Burcharth and Sorensen
(2000)2] F-EotAA G A2vlg ARSI A 7 R
FH e o2 g HAWAHA S F Hanzawa et al.
(1996)2] Fal& ARg3h= o] vhgAsiAgl, o] F2Ad|
A FReERAS Al Ea3t AlgEe] A vt

Table 2. Significant wave heights and periods for various return periods at different sections

Section 7, Water depth ='8.0 m

Return period (yr) 10 20 30 50 70 100
Wave height (m) 493 5.30 5.50 5.73 5.87 6.02
Wave period (s) 10.0 11.0 12.0 13.0 13.0 14.0
Parameters of Weibull distribution: 4 =1.743, B=2.280, k=2.0
Section 11, Water depth = 18.5 m
Return period (yr) 10 20 30 50 70 100
Wave height (m) 5.75 6.58 7.05 7.64 8.03 8.44
Wave period (s) 10.0 1.0 12.0 13.0 13.0 14.0

Parameters of Weibull distribution: 4 = 1.437, B=2.678, k=1.10
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Table 3. Statistical characteristics of random variables for Hudson(1959) formula

X, Uy, oy, COV, Y, Distribution
D, () various various 0.067 Normal
A 1.233 0.047 0.038 Normal
cot 1.5 0.075 0.05 Normal
H (m) A, B, k parameter Weibull
Fy (m) - 0.25 - Normal
a, 1.0 0.10 0.10 Normal
Table 4. Statistical characteristics of random variables for van der Meer(1988c) formula
X, Hyx, [ COVy, Distribution
D, 5o(m) various various 0.067 Normal
A 1.233 0.047 0.038 Normal
N,y 1.5 0.375 0.25 Normal
H (m) A, B, k parameter Weibull
Fyfm) - 0.25 - Normal
S, various various 0.059 Normal
a, 1.0 0.10 0.10 Normal
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Table 5. Iterative calculation of reliability index for Section 7 (COV, =0.18, W=40t)

Iteration No. X, Assumed failure point Hx, Ty, (870X;) Cay,

a; 1.000 1.000 0.180 1.259 0.738
D,so 2.590 2.590 0.174 0.469 0275
1 A 1.233 1.233 0.047 0.266 0.156
cota, 1.500 1.500 0.075 0.045 0.026
H, 5.000 3.624 1.016 -1.016 -0.596

B=2.026
a, 0.731 1.000 0.180 1.197 0.744
D, 2494 2.591 0.174 0338 0210
A 1.218 1.233 0.047 0.187 0.116
2 cofa 1.496 1.500 0.075 0.033 0.020
H, 4.849 3.642 1.002 -1.002 -0.623

£=2.019
a, 0.730 1.000 0.180 1.212 0.746
D, 2517 2.591 0.174 0.339 0.209
A 1.222 1.233 0.047 0.188 0.116
3 coto 1.497 1.500 0.075 0.033 0.020
H, 4,903 3.634 1.009 -1.009 -0.621

£=2.018

Table 6. Iterative calculation of reliability index for Section 7 (CO Ve, =01, Ww=40t,)
Iteration No. X, Assumed failure point Wy, Oy, orox;) Qy}

a, 1.000 1.000 0.100 0.700 0.519
D,s 2.590 2.590 0.174 0.469 0.348
) A 1.233 1.233 0.047 0.266 0.197
cota 1.500 1.500 0.075 0.045 0.033
H, 5.000 3.624 1.016 -1.016 -0.754

B=2.553
a, 0.867 1.000 0.100 0.644 0.488
D, 2437 - 2.591 0.174 0.398 0.302
A 1.209 1.233 0.047 0.217 0.164
2 . cota 1.494 1.500 0.075 0.038 0.029
H_ 5.580 3.552 1.059 -1.059 -0.802

£ =2.536
a, 0.876 1.000 0.100 0.652 0.489
D, 2458 2,591 0.174 0.404 0.302
3 A 1.214 1.233 0.047 0.221 0.165
cota 1.495 1.500 0.075 0.039 0.029
H, 5.707 3.534 1.069 -1.069 -0.801

B=2535
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Fig. 8. Weight of Tetrapod versus probability of failure calcu-
lated by Level 3 method.
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Table 7. Probabilities of failure calculated by various reliability design methods for different sections

Probability of failure(%o)

Section 7 (Before reinforcement)

Section 7 (After reinforcement)

Section 11 (After reinforcement)

Level 1 60 18 18

Level 2 60 23 25

Level 3 40 3 20
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