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Reliability-Based Design Optimization for a Vertical-Type Breakwater with an

Emphasis on Sliding, Overturn, and Collapse Failure

=z

s

Yong Jun Cho*

Zx

sEivet sk et A el A ARl TIEEAITE wEA AstE = AZ1E Alweh] A8l o 7o) AV EE
WA A2 s A3 AR 7N HAE AAIE felueRE tigshs gl al
Fo = 83l o] gl *c}%?& =] ﬂﬂ*é e alsr] < H,
3?"*2‘3%, AL €] 93] o -5 A sk FEH] 9, 4,
SARE UL sl A2 FERIS AHEst] 7lesiith zq%} g ‘%}J‘rxﬂ«l ?&ﬂl”EHL &+, Zﬂ
& aLgfste] Al hE OP"ﬂ o, 3} oF, RHIE Afo]o] WA A Natef AHFELEE
Z1=slek 5o A, 47 oldal=E %l% = 73 vt etge] sasA AEE=
Rom, 58 Ad vwe] AR 2 o A HED 5 }lvks As
. o] HlOH*ﬂ AF7F B = 3.5~ A= 5 Aol B gk v
Shz Zlo® 5Lof H3lth

1, 25]24] ¥habA), subset simulation, three-parameter Weibull -3, A1#]4] 7|9k 2 2] A7)

Flo o T
_&‘Lﬁ;‘dﬁﬁ
Eo&o*ﬂi

I ©

L SN > LT o oo 12 X O
1 2 o o T N

Y

Qo ==

-o|L lorH

o

il 0,

00 o ok

ST
)

J
T
of

ruh
Ed'

Abstract : To promote the application of reliability-based design within the Korean coastal engineering commu-
nity, the author conducted reliability analyses and optimized the design of a vertical-type breakwater, considering
multiple limit states in the seas off of Pusan and Gunsan — two representative ports in Korea. In this process, rath-
er than relying on design waves of a specific return period, the author intentionally avoided such constraints. In-
stead, the author characterized the uncertainties associated with wave force, lift force, and overturning moment —
key factors significantly influencing the integrity of a vertical-type breakwater. This characterization was achieved
by employing a probabilistic model derived from the frequency analysis results of long-term in-situ wave data.
The limit state of the vertical-type breakwater encompassed sliding, overturning, and collapse failure, with the
close interrelation between wave force, lift force, and moment described using the Nataf joint probability distribu-
tion. Simulation results indicate, as expected, that considering only sliding failure underestimates the failure prob-
ability. Furthermore, it was shown that the failure probability of vertical-type breakwaters cannot be consistently
secured using design waves with a specific return period. In contrast, breakwaters optimally designed to meet the
reliability index requirement of 8-3.5 to 4 consistently achieve a consistent failure probability across all sea areas.

Keywords : design point, vertical-type breakwater, subset simulation, three-parameter Weibull distribution, reli-
ability-based design optimization
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(a) plan view

(b) side view

Fig. 1. Definition sketch of physical parameters affecting the
impulsive wave force acting on the vertical type breakwater
using Caisson.
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Table 1. List of probability coefficients of 3-parameter Weibull distribution for wave force Fy, lifting F,, and overturning moment M, [Pusan]

Three parameter weibull distribution

Random variables Scale coefficient [N]

Shape coefficient Location coefficient [N]

Fy 493397.82 1.33192 331729.77
F, 141086.22 1.26522 101039.74
M, 6071597.10 1.28014 3569617.25
Normal distribution
Random variables Mean Standard deviation
y7; #, = 0.636 0,=0.0954
d 1, =185 m 0,=02u,
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Table 2. List of probability coefficients of Weibull distribution for wave force Fy, lifting F) and overturning moment My, [Gunsan]

Three parameter

weibull distribution

Random variables Scale coefficient [N]

Shape coefficient

Location coefficient [N]

F, 326887.93
F, 99184.69
My, 4180039.83

2.18946
2.18795
2.1817

436474.79
123956.31

4792302.16

Two parameter weibull distribution

Random variables

Scale coefficient [N]

Shape coefficient

F, 784358.42 5.39834
F, 22935757 5.19711
M, 9227254.59 496215
Normal distribution
Random variables Mean Standard deviation
o 1, =0.636 0, =0.0954
d f#,=185m 0,=024,
Table 3. Reliability based optimization results [Pusan]
RUN 1 RUN 2 RUN H RUN 3 RUN 4
8, 2 3 35 4 5
Ny 7 7 7 7 7
8 2.00 3.0019 3.5005 4.0 4.639
P[Z<0] 226 x 107 13 %107 23218 x 107 3.1671 x 107 1.743 x 107
B [m] 12.23 17.35 21.84 28.65 42.48
0, [kg/m’] 1964.84 2097.65 2100 2100.00 2066.26
W,pimizea [N/ 5.536 x 10° 8.374 x 10° 1.056 x 10 1.385 x 10 2.021 x 10
N 1684 3622 22744 54250 38692
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marches on.
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Fig. 7. Variation of failure probability of vertical type breaker
as vertical type breakwater is getting thickened with its
associated F;, constituting a design point for each B [RUN
3, p, = 2100 kg/m’ and /8 = 4.0].
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as vertical type breakwater is getting thickened with its
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7, 0. = 2100 kg/m’ and /8 = 4.0].
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Table 4. Reliability based optimization results [GunSan|
RUN 5 RUN 6 RUN G RUN 7 RUN 8

B, 2 3 3.5 4 5

N, 7 7 7 7 7

8 2.002 3.001 3.645 4.007 5.04

P[Z<0] 0.0225 0.00134 1334 x 107 3.0712 x 107 2323 x 1077

B [m] 10.00 10.00 12.18 13.75 21.90

0. [kg/m’] 1910 2077 2096 2100 2059

W ppimizea N/m] 4399 x 10° 4786 x 10° 5.833 x 10° 6.652 x 10° 1.039 x 107

N, 6076 30106 40762 38374 31672
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Fig. 10. Variation of the optimized probabilistic model along the
coast of the Korean Peninsula [reproduced from Cho
(2024)].

Table 5. List of load coefficients for design waves of return periods of 50 and 100 years at Busan for 8 = 4.0

Load coefficient B [m] P[Z<0]
50 Year Return Period 1.229 194 6.69 x 10°*
100 Year Return Period 1.116 23.0 1.89 x 107*
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Table 6. List of load coefficient for design waves of return period of 50 year at Gunsan for 5 = 4.0
Load coefficient B [m] P[Z<0]
50 Year Return Period 1.0 13.7 251 %107
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