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Reliability Analysis and Evaluation of Partial Safety Factors for Sliding
of Caisson Breakwaters in Korea
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Abstract : In the present study, we evaluated the target reliability indices and partial safety factors for caisson
sliding of a vertical breakwater. The average of the reliability indices of existing breakwaters was proposed as the
target reliability index for the breakwater of normal safety level. The target reliability indices of high and low
safety levels were also proposed based on the analysis of breakwaters in Korea and Japan. The partial safety
factors were then proposed for each safety level by averaging the values calculated for 12 breakwater cross-
sections in Korea. The appropriateness of the proposed partial safety factors was partly verified by showing that
the reliability index calculated by using the present partial safety factors is located between those of mild and
steep bottom slopes of JPHA(2007). The proposed partial safety factors were inversely used to calculate the
caisson width and reliability index of existing breakwaters. While the reliability indices of existing breakwaters
designed by the deterministic method show a large variation, those designed by the partial safety factor method
show a small variation. This indicates that the partial safety factor method allows a consistent design for given
target probability of failure.

Keywords : Caisson breakwater, Sliding, Reliability index, Partial safety factor
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Table 1. Design variables of caisson breakwaters in Korea (unit: m, sec)
Name Ho.. H, T, B tan@ tide f hy h d B, h B v A
Okgye 110 770 140 0.0 1/50 037 0.6 1437 11.87 1037 13.1 513 200 2.182 1.0
Hwasun 1468 94 140 0.0 0.001 2.724 0.6 18.724 13.724 12.724 10.0 6.276 23.0 2.152 1.0
Donghae NG (Bef) 1046 7.4 120 19.5 1/155 0392 0.6 13.392 9392 7.892 125 5.108 20.0 2.181 1.0
Donghae NH (Bef) 11.04 74 120 19.5 1/64 0392 0.6 15392 10.892 9.392 125 5108 20.0 2.176 1.0
Donghae NI (Bef) 12.92 7.3 120 29.5 0.016 0392 0.6 17.392 13.392 11.892 8.0 4.608 20.0 1955 1.0
Donghae NG (Aft) 1046 74 12,0 19.5 1/155 0.392 0.6 13392 9392 7.892 125 5.108 20.0 2.181 0.8
Donghae NH (Aft) 11.04 74 120 195 1/64 0392 0.6 15392 10.892 9392 12.5 5.108 20.0 2.176 0.8
Donghae NI (Aft) 1292 7.3 120 29.5 0.016 0392 0.6 17392 13.392 11.892 8.0 4.608 20.0 2.006 0.8
Ulsan A 1206 6.7 13.0 0.0 1/300 0.608 0.6 22.108 17.608 16.108 129 5892 19.0 1911 1.0
Ulsan B 1134 63 13.0 0.0 1/300 0.608 0.6 21.608 16.608 15.108 12.9 5.892 18.0 1913 1.0
Ulsan C 972 54 13.0 0.0 1/300 0.608 0.6 18.608 15.608 14.108 129 5.892 150 1.942 1.0
Uleung 126 7.0 11.0 739 1/50 0440 0.6 2044 1544 1394 113 856 17.0 1922 1.0
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Table 2. Design variables of caisson breakwaters in Japan (Yoshioka and Nagao, 2005)

No. Hp A, T, B anf ride f h, W B, h B 2 2,
I 134 75 135 15 00077 05 075 21 16 106 5 22 2100 1.0
2 1668 94 14 103 001 05 075 215 17 126 65 26 2100 1.0
31405 98 14 0 0009 05 075 175 135 115 64 245 2100 1.0
4 125 71 135 0 0008 07 06 21 16 125 5 2295 2100 1.0
5 673 374 14 20 0005 05 06 13 85 9 45 115 2100 1.0
6 1307 85 135 25 0013 05 075 16 13 7 6 19 2100 1.0
7 143 8 13 7 0014 15 06 22 165 8 6 2345 2100 1.0
8 143 8 13 0 0005 14 06 275 185 33 6 2055 2100 1.0
9 133 74 13 0 0005 14 06 265 165 28 6 20 2100 1.0
10 1436 8 14 7 0002 14 06 232 165 10 62 25 2100 1.0
11 64 35 13 22 001 15 06 127 95 10 5 975 2100 1.0
12 59 33 7 0 001 08 06 195 107 65 28 765 2100 1.0
13 594 33 7 55 001 08 06 195 107 65 28 775 2100 1.0
14 59 33 7 0 001 08 06 195 107 65 28 77 2100 1.0
15 96 55 12 120009 16 06 131 105 12 5 18 2100 1.0
16 13 84 125 0 001 13 075 185 13 158 6 193 2100 1.0
17 864 48 108 30 001 167 06 12 9 75 45 159 2100 1.0
18 495 28 59 30 0005 22 06 172 10 65 48 55 2100 1.0
19 41 23 75 43 0004 21 06 126 9 111 35 54 2100 1.0
20 45 25 76 42 0004 21 06 122 9 7 35 6 2100 1.0
21 66 37 148 0 001 31 06 13 9 8 55 1345 2100 1.0
2 75 51 11 38 001 13 06 86 65 5 92 1225 2100 1.0
2 127 171 13 0 0003 15 06 17 14 95 65 237 2100 1.0
24105 58 11 15 001 04 06 187 135 1365 4 1895 2100 1.0
25 108 6 87 25 00091 09 06 184 13 1001 45 1505 2100 1.0
26 12 6 113 7 00167 09 075 185 12 96 45 193 2100 1.0
27 54 3 73 0 001 08 06 19 11 6 26 75 2100 1.0
28 1008 578 13 40 00346 142 075 121 9 10 49 142 2100 1.0
29 802 471 13 59 00033 133 06 10 75 8 42 98 2100 1.0
30 802 471 13 59 00033 133 06 10 75 8 42 98 2100 1.0
31 421 234 47 14 001 405 06 15 7 7 5.6 5 2100 1.0
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Fig. 1. Typical cross-section of composite breakwater.
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Table 3. Comparison between measured and calculated forces
for Goda wave force model (Oumeraci et al., 2001)

Forces Ratio Average Star'lda‘lrd
measured/calculated deviation
horizontal force F), rE, 0.90 0.20
vertical force F, rr, 0.77 0.20

Table 4. Statistical characteristics of wave force and uplift
force (JPHA, 2007)

Forces Bottom Ratio Average Standard
slope  measured/calculated ¢ deviation
mild rp L P 0.740 0.177
FP’ FI’ P U
7 steep TFps T, 0.825 0.207
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Table S. Statistical characteristics of design variables
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Variable X, /X o /X, ol=aoy/uLy) Distribution
7 - 1.06 0.16 0.15 Normal
W, (1) - 1.01 0.02 0.02 Normal
WL Fy=1.5 0.20 0.20
Py =2.0-2.5 100 0.40 0.40 Normal
F, (1) - 0.90 0.20 0222 Normal
F, (1) - 0.77 0.20 0.260 Normal
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Fig. 2. Relative frequency of reliability index of existing cais-
son breakwaters in Korea.
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Table 6. Target reliability index according to safety level of

structures
Safety Level Br Application
High 233 Upper bound
Normal 2.00 General structures
Low 1.65 Lower bound

Table 7. Partial safety factors suggested by the present study

BiPr) % Vep Yry Y, Twi
2.33(0.01) 0.78 1.19 0.84 1.00 1.03
2.00(0.02) 0.83 1.16 0.83 1.00 1.03

1.65(0.05) 0.88 1.13 0.82 1.01 1.02
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Fig. 6. Comparison of partial safety factors for friction coeffi-
cient between JPHA(2007) and present result.
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Fig. 7. Comparison of partial safety factors for caisson weight
between JPHA(2007) and present result.

7] wlitoltt. Fig. 9% 4832 o] ik AIG-E vl
3 Aotk 2 At9] Avl= JPHAY 744K 249 o
B} ot & R ATE AP ekal it Fig. 10
ok o] REQLHAGE u|w3t Ao, IPHAS] S} s}
AL Abolel] & AT ATt JAehe s G
o]q.

SHH, JPHA(2007)= Table 8% 99} 73o] 7} g5 49
Ao} FEOPIAAGZE A Skl Ut} Table 8 IP)
A 2 A7) YEATE vlwstk Aol np
T, 29, Aol TRl tidt A= JPHA

E

T
o<

,v\

BE

Al



286 et

gI

g 1.2

£

o

o - o ——
0.8
04 T 17T llTTll T T TII'I'III T T TTTTTT

0.1 1 10 100

P, (%)

Fig. 8. Comparison of partial safety factor for tidal level between
JPHA(2007) and present result.
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Fig. 9. Comparison of partial safety factor for horizontal wave
force between JPHA(2007) and present result.
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Fig. 10. Comparison of partial safety factor for uplift force
between JPHA(2007) and present result.
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Table 9. Comparison of partial safety factors between present
result and JPHA(2007)

Br i Ve Ve Yw, Iwe

Present 078 120 083 100 1.04

238 JPHA mild 079 104 104 1.00 1.05
JPHA steep 079 1.17 117 100 1.05

Table 8. Comparison of influence factors between present result and JPHA(2007)

B, J £p

Fy WL W,

Present JPHA Present JPHA

Present

JPHA Present JPHA Present JPHA

2.38 0.753 0.689 -0.625 -0.704 -0.155

-0.704 -0.030 -0.059 0.130 0.162
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Table 10. Caisson width and reliability index calculated using the partial safety factors in Table 7

B=1.65 B,=2.00 B=2.33
Name
B (m) B B (m) B B (m) p
Okgye 18.70 1.62 20.77 2.02 22.72 235
Hwasun 27.86 1.61 31.06 2.02 34.80 2.35
Donghae NG(Aft) 13.31 1.62 14.76 2.02 16.14 235
Donghae NH(Aft) 13.33 1.62 14.77 2.01 16.16 235
Donghae NI(Aft) 16.65 1.62 18.50 2.02 20.23 2.36
Donghae NG(Bef) 17.53 1.62 19.46 2.02 21.29 235
Dongha NH(Bef) 17.46 1.62 19.38 2.02 21.20 2.36
Donghae NI(Bef) 2293 1.61 25.53 2.02 2793 2.36
Uleung 16.38 1.78 18.17 2.16 19.86 248
Ulsan A 18.90 1.81 21.02 2.19 22.99 2.51
Ulsan B 17.72 1.81 19.71 2.20 21.55 2.51
Ulsan C 14.54 1.82 16.16 2.20 17.67 252
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Fig. 11. Comparison of relative frequency of reliability index
between deterministic method and partial safety
factor method with £,=2.00.
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Fig. 12. Comparison of relative frequency of reliability index
between deterministic method and partial safety factor
method with £,=1.65 and 2.33.

Table 11. Caisson width and reliability index calculated using
the JPHA(2007) partial safety factors in Table 9

Bottom slope
Name mild steep
Bm p_ Bm §
Okgye 20.54 1.95 23.84 2.50
Hwasun 31.13 1.98 36.40 2.54

Donghae NG(Aft) 1444 191 1662 244
Donghae NH(Aft) 1441 190 1657 242
Donghae NI(Aft) 1812 192 2090 245
Donghac NG(Bef) 1924 195 2333 266
Dongha NH(Bef)  19.09 194 2210 248
Donghae NI(Befy 2538 198 2955  2.54

Uleung 17.65 2.03 20.24 2.52
Ulsan A 20.60 2.10 23.76 2.60
Ulsan B 19.30 2.10 22.25 2.60
Ulsan C 15.76 2.08 18.12 2.58
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Fig. 13. Comparison of relative frequency of reliability index
between present and JPHA(2007) methods.
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