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Design of Perforated Caisson Breakwater
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Abstract : Calibration of load-resistance factors for the limit state design of perforated caisson breakwaters are
presented. Reliability analysis of 12 breakwaters in nationwide ports was conducted. Then, partial safety factors
and load-resistance factors were sequentially calculated according to target reliability index. Load resistance fac-
tors were optimized to give one set of factor for limit state design of breakwater. The breakwaters were rede-
signed by using the optimal load resistance factor and verified whether reliability indices larger than the target
value. Finally, some load-resistance factors were proposed by changing target reliability index.

Keywords : limit state design, perforated caisson, breakwater, load resistance factor, partial safety factor, target

reliability index, code calibration.
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Fig. 1. Flowchart for code calibration of breakwater (Kim, 2019).
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Table 1. Design values for 16 breakwaters (dim: kN, m)
No. Name w. W, W b WL Ve d, d,
1 Donghae 3-1(N) 1266.92 334142 724320 24.0 0.45 2.70 6.50 15.50
2 Donghae 3-2(N) 1266.92 334142 724320 240 0.45 3.40 6.50 15.50
3 Pohang 2-1 1294.28 3231.62 6064.56 31.0 0.40 2.70 7.50 13.50
4 Pohang 1-1(S) 18390.52 72039.84 104379.10 222 0.40 1.20 6.50 10.50
5 Pohang 42390.83 79370.46 174782.87 18.5 0.25 2.53 6.20 8.30
6 Ulsan 3(N) 54848.01 104062.76 21932130  23.1 0.66 2.80 8.50 9.90
7 Ulsan 2-1(S) 1713.06 3954.86 877831 3091 0.66 5.01 9.70 11.30
8 Ulsan 2-2(S) 86081.57 143724.34 300569.87 325 142 1.70 9.50 12.50
9 Ulrung 2(E) 128134.98 139886.88 329582.60 31.5 0.44 6.91 9.00 9.00
10 Gamcheon(S) 2092.19 2579.63 714258 268 1.44 3.00 5.50 10.50
1 Hongdo(E) 72457.26 103243.60 179141.30 31.98 3.46 0.00 7.00 5.00
12 Ulsan 2(N) 6825.89 10377.28 23552.31 27.25 0.66 1.18 8.30 7.70
AWAEAAS 7F golsHA 7] YehiA A S5-2 HEA Table 2. Safety factors in sliding failure mode
24 4 vk 28 A13)3 2ol AMesd A Ae & Case Pl P2 P3 NI N2 N3
= g 9. 1 173 148 158 551 339 11072
_ 2 208 210 187 551 339 110.72
. Pt : 3 144 138 129 587 361  87.08
W= Bt Ue=We= Wt 4 264 224 234 789 524 7553
o 5 155 129 138  7.68 424 6262
G=12,....m) (13) 6 135 143 120 659 362 6494
N e n 7 166 135 139 777 440  69.24
2(13)°l 2fsha AaAe] S A2 Wl o] ARt 8 150 136 129 596 378 5450
= A5} e oAl oY e & 2 Qlar vl 9 157 133 136 854 517  79.04

&S e s} Bk webd, BE el uAelA
FAYE k] f1ste] A(14)2h Lol 2 el Tt
A T Hrjghe A gav,

Wy = maxiv)' (14)
J

4.1 FS70|&4A] Yt

FAEAE 913 Table 107 FASE 12712] FraAlo]=2]
WIS o1 8SI3ITt. 2h WaA|e] W), F(b), ZS1(WL),
S I (v, AT @) B FE =0l(d) 5Ol 3
o}, 1 gholl ST T3 10.3 kN, vEEAIFE 0.6 AR
skl Th.

Table 2= A 24 Wb o2 SEulu R =o] b g-S
§F Zlo|t}, faAle]=2] R = 3709 Sbuk, 10, 1,)9h
3709) 1=, 11, 1I)7} EA1 $HCH(Takahashi et al., 1991). 1+
=RoMe Hot S PI~P3, Q1S NI-N3°OZ ¥ A
ST 1Tk THE tutellA] Qb go] 27| wjel AAE
Auehs A gul ZE & 5 ok mEbA, IERAS

Ho

Sl duke] 370 oA RERRS o] gsigiv. 11

Table 3. Distribution characteristics of design parameters

10 125 124 130 3.28 2.49 4.99
11 13.14  10.01 9.09 2550 15.85 123.38
12 1.58 132 129 5.58 453  150.76

4.2 2| M5l A

23S $138l Table 39] FERT HATEIS o83}
% ThH(Japanese Harbor Society, 2007; US Army, 2006; Kim,
2019). COVE ¥ E A5 (Coefficient of Variation)S LERH
t}. First Order Reliability Method FORM)ZE ©]&&F A1
Al A3} A18]/d A4+ Fig. 33 2. P1~P39] 43} 2+
SAIETE N1~N39 13} 2-G-A] A1) 3457} v @ =] 1t
2 25 & Qlrh = FEF(11H)9] A9 P1-P30
ME ok kA Bk A AR A AP E ST

P1 o+ R of tfgt SEAre] TIZFEAT= Fig. 49} 2
ot WIRtEAE 2 digte] 245 SAVEE Sl dist
FEFeo] 7] wiitel B E Aiehs MTE & 5 AlTh
oo Wkl wEAlge e} 54 9] RIZEETE A A o %
Uebsk ot FE1)e] A9t vk o] Rz AA o
g}, Fwgke] FEko| ot AAE o] g Ry FEk] ot

F

Symbol Bias factor Ccov Symbol Bias factor cov
f 1.06 0.15 w; 1.02 0.04
W, 1.02 0.02 WL 1.00 0.05/0.12/0.20
W, 0.98 0.02 G 0.799 0.223
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Table 4. Load & resistance factors with and without case 11
Slidin, Overturnin,
Case 11 £ £
T %o Wk Iz %o W
Included 0.80 1.10 1.38 094 202 215
Excluded  0.81 1.06 131 094  1.30 1.38

Table 5. Load & resistance factors according to target reliability

index
Sliding Overturning
,BT Pf.'T
Tk % W T %o Wh
2.5 0.62 0.75 1.10 1.47 0.92 1.38 1.50
2.4 0.82 0.77 1.10 1.43 0.92 1.35 1.47
23 1.07 0.78 1.08 1.38 0.93 1.34 1.44
22 1.39  0.80 1.08 1.35 0.94 1.33 1.41
2.1 1.79  0.81 1.06 1.31 0.94 1.30 1.38
20 228 082 1.05 1.28 0.95 1.28 1.35
19 287 084 1.05 1.25 0.95 1.25 1.32
1.8 3.59  0.85 1.03 1.21 0.96 1.24 1.29
1.7 446 0.87 1.03 1.18 0.96 1.19 1.24
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