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Reliability Analysis and Evaluation of Partial Safety Factors of Breakwater Armor

stones Considering Correlation between Wave Height and Wave Steepness
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Abstract : The partial safety factors of armor stones have been calculated on the assumption that all random
variables are independent one another. However, wave height and wave steepness are not independent in the van
der Meer's formula of armor stones but they are correlated. In the present study, we calculated the partial safety
factors considering the correlation and compared them with those of other researchers who did not consider the
correlation. The correlation between wave height and steepness is closely related to the variability of wave
period. As the variability of wave period decreases, the correlation between wave height and steepness becomes
strong, and hence the calculation results with and without consideration of the correlation show more difference.
Therefore, the correlation should be taken into account in the calculation of partial safety factors in the area

where the variability of wave period is small.
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Table 1. Statistical characteristics of design variables of van
der Meer(1987) formula

No. X; My, Oy; COVy; Distribution
1 A, 6.2 0.4 0.065 Normal
2 D, various  various  0.030 Normal
3 A 1.72 0.054 0.031 Normal
4 cot 1.50 0.075 0.050 Normal
5 P 0.40 0.040 0.100 Normal
6 N, 2500 1250 0.500 Normal
7 Som 0.04 0.010 0.250 Normal
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Table 2. Iterative calculation of reliability index for van der Meer formula(1987) without considering correlation(S,= 2.0,

T,=50yrs, T=50 yrs)-AFDA method

Iteration No. X Assumed X} oy, Hy, —0;?,)* ay,
A, 6.200 0.403 6.200 0.2159 0.39

D, 1.530 0.046 1.530 0.119 0.18

A 1.720 0.053 1.720 0.123 0.18

cot & 1.500 0.075 1.500 0.099 0.15

1 P 0.400 0.04 0.400 0.072 0.11
N, 2500 1250 2500 -0.199 -0.30

Som 0.040 0.010 0.040 0.249 0.37
H, 3.980 0.487 4.144 -0.487 -0.73
p=-0.261

A, 6.241 0.403 6.200 0.262 0.38

D, 1.531 0.046 1.530 0.122 0.18

A 1.723 0.053 1.720 0.126 0.18

cot & 1.503 0.075 1.500 0.101 0.15

2 P 0.401 0.04 0.400 0.073 0.11
N, 2403 1250 2500 -0.211 -0.31

Som 0.041 0.010 0.040 0.248 0.36
H 4.051 0.508 4.149 -0.508 -0.73

B=-0263
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Table 3. Iterative calculation of reliability index for van der Meer formula(1987) considering correlation(S,;= 2.0, T}, = 50 yrs,
T =50 yrs)-JC method

Iteration No. X Assumed X oy, Uy, (ﬁ—é’)‘?-,)* ay,
A, 6.200 0.403 6.200 0.259 0.35
D, 1.530 0.046 1.530 0.119 0.16
A 1.720 0.053 1.720 0.123 0.17
cot o 1.500 0.075 1.500 0.099 0.14
1 P 0.400 0.04 0.400 0.072 0.10
N, 2500 1250 2500 -0.199 -0.27
Som 0.040 0.010 0.040 0.249 0.58
H, 3.980 0.487 4.144 -0.487 -0.79
£=-0239
A, 6.227 0.403 6.200 0.263 0.35
D, 1.530 0.046 1.530 0.122 0.16
A 1.722 0.053 1.720 0.126 0.17
cot 1.502 0.075 1.500 0.101 0.13
2 P 0.401 0.04 0.400 0.073 0.10
N, 2436 1250 2500 -0.209 -0.28
Som 0.042 0.010 0.040 0.245 0.57
H, 4.053 0.508 4.150 -0.508 -0.79
£ =-0.241

Table 4. Iterative calculation of reliability index for van der Meer formula(1987) considering correlation(S,= 2.0, T, = 50 yrs,
T =50 yrs)-Improved AFDA method

Iteration No. X Assumed X* Oy, Ay, Y, Yy (%,g:>* ay,

A, 6.200 0.403 6.200 '8 0.000 0.259 0.35

D, 1.530 0.046 1.530 Y, 0.000 0.119 0.16

A 1.720 0.053 1.720 Y, 0.000 0.123 0.17

cot & 1.500 0.075 1.500 Y, 0.000 0.099 0.14

1 P 0.400 0.04 0.400 Y 0.000 0.072 0.10

N, 2500 1250 2500 Y, 0.000 -0.199 -0.27

Son 0.040 0.010 0.040 Y, 0241 0232 032

H, 3.980 0.487 4.144 Yq -0.241 -0.576 -0.79

B=-0239

A, 6.227 0.403 6.200 Y, 0.067 0.263 0.35

D, 1.530 0.046 1.530 Y, 0.031 0.122 0.16

A 1.722 0.053 1.720 Y, 0.032 0.126 0.17

cot & 1.502 0.075 1.500 Y, 0.026 0.101 0.13

2 P 0.400 0.040 0.400 ¥ 0.019 0.073 0.10

N, 2436 1250 2500 Yo -0.05 -0.209 -0.28

Som 0.042 0.010 0.040 Y, 0.266 0.229 0.30

H, 4.053 0.508 4.150 Yq -0.005 -0.597 -0.79

£ =-0.241
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Table 5. Influence coefficients of random variables of van der
Meer’s formula for different return periods and service
periods

(@) T,=50 yrs, §,=2.0

Ay

T=50yrs T=100yrs T=150yrs
p=0.0 p=-036 p=0.0 p=-0.36 p=0.0 p=-0.36
A, 0.39 0.35 0.40 0.38 0.41 0.39
D, 0.18 0.16 0.19 0.17 0.20 0.18

n

A 0.18 0.17 0.20 0.18 0.20 0.19
cot ¢ 0.15 0.13 0.16 0.15 0.16 0.15
P 0.11 0.10 0.11 0.11 0.12 0.11
N, -031  -028 -037 -033 -041 -037

w

s, 0.36 0.57 0.37 0.56 0.37 0.55

om

H  -073 -0.79 -0.67 -074 -063 -0.71

s

(b) T,=100 yrs, S,=2.0

Ay

T=50yrs T=100yrs T=150yrs
p=0.0 p=-036 p=0.0 p=-036 p=0.0 p=-0.36
A 0.37 0.34 0.40 0.37 0.41 0.38

v

D, 0.17 0.16 0.19 0.17 0.19 0.18

n

A 0.18 0.16 0.19 0.18 0.20 0.18
cot « 0.14 0.13 0.15 0.14 0.16 0.15
P 0.10 0.09 0.11 0.10 0.12 0.11
N, -028 -025 -032 -029 -035 -0.32

G

s, 0.36 0.58 0.38 0.57 0.38 0.57

om

H -0.75  -081 -0.70 -0.76 -0.66 -0.74

s
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Fig. 2. Reliability index versus weight of armor stone(S, = 2.0,
T=150yrs).
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Fig. 3. Probability of failure versus weight of armor stone
(S,=2.0, T=50yrs).
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Table 6. Partial safety factors calculated by Burcharth’s method
(1992)(S,=2.0)

T,
T(year)  (P)r 7R 0, =02 o, =0.05
s 0.2 1.04 1.23 1.19
0.1 1.06 137 129
02 1.04 122 118
100
0.1 1.06 135 127

Table 7. Partial safety factors calculated by Lee(2007)(S,=2.0)

7z Y,

T.=T(year P >
wThean) (P =00 =00
0.2 1.04 1.08

50

0.1 1.06 1.12

2 1.04 1.

100 0 0 07
0.1 1.07 1.10
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Table 8. Partial safety factors calculated by present method (S,=2.0)
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Fig. 4. Partial safety factor of load calculated by present method
with p=-0.36 (7= 50 years).
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Fig. 7. Partial safety factor of resistance calculated by present
method with p=-0.70 (T =50 years).
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