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Evaluation of Partial Safety Factors for Armor Units of Coastal Structures
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Abstract : A method is developed to evaluate partial safety factors for armor units, by which uncertainties of
random variables in reliability function as well as wave height distribution with service periods could take into
account straightforwardly. It is found that partial safety factors for resistance and wave height are correctly
increased with improving target levels on failure of coastal structures at the same return and service periods.
Therefore, it may be possible to determine design variables through the same processes as those of deterministic
method by using the partial safety factors for resistance and wave height evaluated in this paper, since
uncertainties of random variables and the effects of service periods and target probability failure are directly
considered in the processes of evaluation of partial safety factors.

Keywords : Partial safety factor, armor units, reliability analysis, service period, return period
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Table 1. Statistical properties and distributions of random
variables in reliability function of Eq. (3).

# X, Hy Oy, £2,(%) Distribution
1 Ay 1.00 0.180 18.0 Normal
2 A 1.72 0.054 3.1 Normal
3 D m) Design Variable 3.0 Normal
4 cotxr 1.50 0.075 5.0 Normal
5 H(m) xk=1.39, A=4.17 Weibull

A=1.06, B=0.44
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Fig. 1. Significant design wave height with respect to return
period and its nominal diameter of armor unit calcu-
lated by Hudson’s formula.
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Annual Weibull distribution
4 Weibuw] ditribution for T=50 year
(D Equivalentnormal distribution }

Table 2. Influence coefficients of random variables in Hudson’s
formula with respect to service periods.

£ (@) Tp=>50 year, K,=4.0
E\ 08 ay
5 1 T=50year T=100year T=150 year
£ o Ay -0.79 -0.81 -0.82
g ’ A -0.14 -0.14 -0.14
7 D, -0.13 -0.14 -0.14
00 ' . X cotw ~ -0.07 -0.08 -0.08
0.0 20 40 60 80 H(m) 0.58 0.54 0.52
Hs (m)
Fig. 2. Weibull distribution and its equivalent normal distribu- (b) T,= 100 year, K, =4.0
tion of significant wave height for T= 50 year. R b ~
x,
" T=150 year T=100 year T=150 year
. “Annual Waiball distribution Ay -0.80 -0.82 -0.83
£ 4 F: Wci‘bulldi:ributionvfor.chOOym A .0.14 -0.14 -0.15
g o () Equivalentinomal distribution Dn 0.13 014 0.14
£ cotar . -0.07 -0.08 -0.08
g / \ H (m) 0.57 0.54 0.52
E]
2
A~

0.4 /
)

0.0

0.0 20 40 6.0 8.0
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Fig. 3. Weibull distribution and its equivalent normal distribu-
tion of significant wave height for 7= 100 year.
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Table 3. Statistical properties and distributions of random
variables in reliability function of Eq. (4).

# X, Hy, Oy, {2¢(%) Distribution
1 A4y 6.2 0.4 6.5 Normal
2 D, (m) Design Variable 3.0 Normal
3 A 1.72 0.054 3.1 Normal
4 coter 1.50 0.075 5.0 Normal
5 P 0.40 0.040 10. Normal
6 Som 0.04 0.010 25. Normal
7 N, 2500 1250 50. Normal
8 H(m) k=139, 1=417 Weibull
A=1.06, B=0.44
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Fig. 4. Significant design wave height with respect to return
period and its nominal diameter of armor unit calculated
by Van der Meer’s formula.

Table 4. Influence coefficients of random variables in Van der
Meer’s formula with respect to service periods.
(a) T,= 50 year, §,=2.0

x,
T=50 year T=100 year T=150 year
Ay -0.37 -0.40 -0.41
D, -0.17 -0.19 -0.19
A -0.18 -0.19 -0.20
cotar -0.14 -0.15 -0.16
P -0.10 -0.11 -0.11
Som -0.36 -0.39 -0.40
N, 0.29 0.31 0.32
H, 0.74 0.70 0.67
(b) T= 100 year, S,=2.0
%,
T=150 year T=100 year = T=150 year
Ay -0.37 -0.39 -0.41
D, -0.17 -0.19 -0.19
A -0.18 -0.19 -0.20
cotar -0.14 -0.15 -0.16
P -0.10 -0.11 -0.11
S pm -0.36 -0.38 -0.40
N, 0.29 0.31 0.32
H 0.75 0.70 0.68
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Table 5. Partial safety factors for Hudson’s and Van der Meer’s formulas calculated by Burcharth’s method(1992).

(a) Hudson’s formula

o133

T P Ya,
(year) 71 Tha oy, =027 o =01 7 =005 o =001 o, =00
0 02 1.06 119 1.19 119 119 119
0.1 1.08 1.29 128 1.28 1.28 128
o 02 1.06 17 117 WY 17 117
0.1 1.08 1.26 1.25 1.25 1.25 1.25
(b) Van der Meer’s formula
T Vi,
(year) Epr T, 7 =02 o5 =01  05,=005 0, =00 o5 =00
© 02 1.04 1.23 120 119 119 1.19
0.1 1.06 137 131 129 1.28 128
o 02 T.04 122 118 118 117 117
0.1 1.06 1.35 1.29 127 1.25 1.25

*) a’FH represents the standard deviation of the parameter by which the uncertainty of wave height at a certain return period can be

considered.
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Table 6. Partial safety factors for Hudson’s formula calculated by the present method

Ty(year) ' ®) Tz, 7,

T (yea) 7 Q,-18% 2, =10% Q=% 2,-18% £,=-10% 2,=%
50
50 0.2 1.13 1.06 1.03 1.06 1.08 1.09
50
50 0.1 1.20 1.10 1.04 1.09 1.12 1.14
100

. 1. . . 1. . .
100 0.2 13 .106 1.03 05 1.07 1.08
100
0.1 1.21 1.10 1.05 1.08 1.10 1.12

100
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Table 7. Partial safety factors for Hudson’s formula calculated

by the present method with respect to service period
for Tp =50 year and Q, =10%.

T (year) €3 )T TRy 7H,
02 1.0 1.08

50 0.1 1.1?) 1.12
0.2 1.06 1.07

100 0.1 1.10 1.10
02 1. 1.05

150 0.1 1(1)1/ 1.08

Table 8. Partial safety factors of Van der Meer’s formula calculated

by the present method
Ty (year) r, Y,
— Py - - - —
T (year) §,=20 §,=60 S§,=20 §,=6.0
50
. 1.04 1.04 L. .08
50 02 0 0 08 1
50
0.1 1.06 1.06 1.1 1.12
50 2
100
. 1.04 . 1.0 .
100 0.2 1.04 7 1.07
100
100 0.1 1.07 1.07 1.10 1.10
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