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Abstract : In this study, a Load and Resistance Factor Design (LRFD) method applicable to gravity-type port
structures (caisson composite breakwaters and caisson-type quay walls) was developed based on probabilistic
reliability analysis methods. To this end, representative domestic design cases distributed across all coastal areas
of the East, West, and South coasts were systematically collected and analyzed to evaluate the quantitative failure
probability levels for each limit state of the structures. A reasonable target reliability index was established by
comprehensively considering the consistency between the results of intrinsic safety margin analyses of existing
structures and the reliability indicators of domestic and international design codes. Based on this, code calibrations
using the First Order Reliability Method (FORM) and Monte Carlo Simulation (MCS) were performed to
determine the optimal load and resistance factors. Applying the proposed load and resistance factors enables the
implementation of a rational limit-state design that consistently satisfies the target reliability levels in both
structure stability and subgrade design; this is expected to contribute as an advanced technical and academic
standard for future revisions to Korea’s reliability-based port design codes.
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Fig. 2. Location of composite breakwater caisson.
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Table 1. Characteristic ratios (CR) and coefficient of variation (COV)
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Fig. 3. Reliability indices of breakwaters.
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Fig. 4. Load and resistance factors of breakwaters.
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Table 2. Comparison of load and resistance factors for breakwaters

Sliding (8, = 2.257)

Overturning (£, = 2.097)

Category - -
b7 s 7% ratio 7 % 7 7 ratio
Japan 0.83 1.08 130 1.000 0.95 1.14 1.20 1.000
this study 0.79 1.02 1.29 0.992 0.92 1.12 122 1.017

Table 3. Final load and resistance factors for composite breakwater

Slidin Overturnin;
Front wall P, (%) B, g 2
type 7R ¥ 7 1 7 ¥ 7 7
non-perforated 1.390 2.20 0.74 0.94 1.27 0.91 1.10 1.21
perforated 2.275 2.00 0.84 1.07 1.27 0.87 1.17 1.34
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Fig. 5. Location of caisson-type quay wall.

59F Ak Mell, ], Fafol - B = AR
o AR AR ] T3 23701t
Aol o & gl A% I =0 41# )

3 A ER S A 2 (12)9h 2k

et
32

1

29

g =,.O.W,~B+E)—(k,Y W,+E,+D+R +5) (I1)

& = (zmeV, _xBB+xE‘.Ev)

_(khzymVV[+yE,7EI1+yDD+waRw+ySS) (12)
71 E, E;, D, R,, S B k= 247 A B, &
o, TrgE, ARedE Bl gl Zh A

o] FEHFEAL Table 49} ZXTHMOF, 2022).

Alo]=2] ol thet AF Hdt Yo A7)l A
AAIGE sk A @Ak BlaE E-35te] Table 56l #1A3HA
th s SR EoA SSAIT/A AT Bl 2.5%, A%
TR EOX = 4.3% xlo]7F BASISITE A2} ol A A
S5t A AfolE FAkshd vl 22 Zfo|ekal
A=

Alo]=2] b o] BRAF A FE Falr] flste] 7IE <k
W] Pt g ghEe] sk AEAAATE e A 3
A BE 2,543, A= 16.538% W9 3SR
upgha] AR 2370 Alo]=A] Qb o oSS 1.2(8%
AN LIARADE 2t FERAS ST & AT
oAM= ol dBAVIE AT R Halelah 1 4
v B gtE Y SRAEAATE APYSlaL oo nE
sl AAATS BASA Table 62 FAMA] 2 X ZA] A
o]z b 9] S A AITE HolEtt. st A @Al E
B 129 LR ok 2 3hs 7H A Ak

Table 4. Characteristic ratios (CR) and coefficient of variation
(Cov)

Symbol CR Ccov Symbol CR cov
£ 1.06 0.15 RWL 1.00 0.05
W, 1.02 0.02 EJE, 1.00 0.12
W, 0.98 0.02 ky, 1.00 0.10
Wy 1.02 0.04 - - -
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Table 5. Comparison of load and resistance factor for quay wall

Sliding (B, = 1.3225) Overturning (3, = 2.6874)
Category - -
" % W% IR ratio % s 75 7 ratio
Japan 0.87 1.06 1.218 1.000 0.99 1.23 1.242 1.000
this study 0.85 1.01 1.188 0.975 0.96 1.14 1.188 0.957
Table 6. Final load and resistance factors for caisson-type quay wall
load failure mode Py (%) Pr 7 % % e
normal sliding 7.678 1.43 0.84 1.02 1.214
overturning 0.076 3.17 0.90 1.15 1.278
sliding 16.676 0.97 0.93 1.03 1.108
carthquake overturning 3.585 1.80 091 1.06 1.165
Table 7. Characteristic ratios (CR) and coefficient of variation (COV) for breakwaters
Symbol CR Ccov Symbol CR Ccov
% 1.02 0.02 Soil c 1.00 0.10; 0.15; 0.25
oi
Caisson Ve 0.98 0.02 tang 1.00 0.10
% 1.02 0.04 Wuabble 1.00 0.03
WL 1.00 0.05/0.12/0.20 ) Viand 1.00 0.03
Sub-soil
non-perforated G 0.74 0.239 Yelay 1.00 0.02
perforated 0.799 0.223 Vrock 1.00 0.02
ky, 1.00 0.10 - - -

3.2 SHEX|H
3.2.1 EA4 WA

228004 7]=3 WS ol g8l - B e 27341 8t
FAEe) A5 dav AA| el thet F=RAgS st 4l
Al =R Aol AREE 16719] F-aAlolEA 2734
o} 12709] fraAol=A] EAA] AR FES] A= o
7 Fig. 28} 2t}

44 Yo e Thke S A5 AN 5
2 e 7 o] el A, v, Bel 5 Se
sjo] REVYE 7P HEASE FFslof s, o] v
B Ao i A 59 ofe] 9910 whe} Pl
7] wjel o] Agka oz gerael)i olih. ek Ak
FE)E ARl 283k AsEst A WA 88 A
A5l e = B2 S 7P g 1wt ofe] o
& SAuleh WEAS o) BASAE Agelof k. o] 2
TN 44T EWR) FASH S HALTMLIMA,
2011; Kim and Huh, 2021; Huh et al., 2021;
al., 2020, 2021, 2022; Dang et al., 2023, 2024)9} T
¥ (Park et al., 2008; Kwak et al., 2006, 2008; Huh et
al., 2010; Kwak et al., 2010)9] 3t =831 2™ Table 7
3} o] AT, TableoA4] Characteristic ratio(5/3H] )=
Fgkel thek 5493k2] Hle]™ coefficient of Variation(tﬂi
Al Batghel tigh E=Axe] vlojt). o714 WL
Aol (Al el fEal) 91, G aLrkakgtel] o JJr

1“ OH

i<l
ol
o

Doan et

g, = AN HAE (Y E AR A9 vl d s,
APAE 2ke] 79 w219 R 7] A2 (KN/mY), tang
© AREE] mEEZH 74 g fras el 7xs HRo) A
GARZZH), 2L Yves %anda J/clay Dy 71 2AIREAY
S A A vkt Loy, A ARE, siAH A
& 9 ohike] delsadel disth & Q/‘a”éé ek g WeFoltt.,
7} 3w e] AAIRFEE o] 88te] FaAlolA EAA
o] 9Al A5, THA] 9 A2 A A AV A4
Hof| thate] A4 A A S TS AAE
Fig 60l thazz o= YepfSth S3-ra el sV e =
= BA0R Q] AFASIAS Level I W2 Monte
Carlo Simulation ©]-€38131 17 FHEH421 X4, Th9)%
Z, 98 5 EE2d2 Table 72 a3 4 &35
JJrWl °J§%54 Bt OJXJ & *474171%01 13£ “ﬂ

3:
jﬂ
i
z
x
fR o
L
lo
{E
i
o
:‘.’:
Jo
ML

O
o
g
g
(o
A
5%
o 3
o
e
N
>~
£
o
N
>
=
1o
o
Y
@

P . e ol eh) T2 A A )
Folalol & AulAR) R ER BAHgI, o s
SRR (A H ] A A Al A AR 24 F 7}
S W A - 279510 oo o)
A e ) SES Holt S REe Plw G 7

Aole=2l A 2|7 A B AAERE AXEE B

Ahgo] 2,122 71 71 R A4 £ W<

o rzi mlo

(

2 rﬁZ oLJ



A2 dEAR A8-2 9% T AR AT A A 143
Circular Slip
15.00 T
: . —#—Beta —e—FS L 8.40 . 9.42 g4
s 394 426 442 °8 v 5.81 ' 5.27
g >0 1308y 1475, 1517 1.901 1678 2041 2151 1%, 2072 13412257 1815 2207 1739 ;%cq 2343
0,00 . G . b g ——
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Case
500 Bearing Capacity under Eccentric/Inclined Load
‘ —&—Beta —e—FS
« 600
5] 3.60
E 4.00 Ly 201
“ 200 L 1491 1335 147 48
000 1034 1.041 1.099 1017 1.086 1.229 1.067
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Case
o Seismic Bearing Capacity
@ 20.00 Sl i 18.36 19.44
® 1000 376 334 663 4.729
bd | E———
— 4iso 1.933 1476 1.218 -679
-10.00
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Case
Fig. 6. Reliability analysis results of non-perforated caisson breakwaters.
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Table 8. Load and resistance factors for the non-perforated caisson composite breakwater

Load condition Failure Mode Py (%) Br % % 7% 7k
Circular Slip Failure 0.135 3.00 0.81 1.09 1.346
Wave i i
Bearing Capacity Under 2275 2.00 0.99 1.08 1.091
Eccentric Loads
Earthquake Bearing Capacity Under 15.870 1.00 0.96 1.07 1.115
Eccentric Loads
Table 9. Load and resistance factors for the perforated caisson composite breakwater
Load condition Failure Mode Py, (%) br % % %/ 7k
Circular Slip Failure 0.069 3.20 0.78 1.05 1.346
Wave i i
Bearing Capacity Under 2275 2.00 0.96 1.05 1.094
Eccentric Loads
Earthquake Bearing Capacity Under 15.870 1.00 0.98 1.07 1.092
Eccentric Loads
Table 10. Characteristic ratios (CR) and coefficient of variation (COV)
Symbol CR COoV Symbol CR CoV
% 1.02 0.02 Sol c 1.00 0.10; 0.15; 0.25
oi
Caisson Ve 0.98 0.02 tang 1.00 0.10
7 1.02 0.04 Vruibble 1.00 0.03
WL 1.00 0.05/0.12/0.20 Ysand 1.00 0.03
Sub-soil
RWL 1.00 0.05 Velay 1.00 0.02
k, 1.00 0.10 Yrock 1.00 0.02
Alole=a] EHAGE D G0 @ AAIE) WE A 7h Wl RILE ARSI tid BEAAS Uehle
5, AN 2 NS FRHOR Telsel 1 A Fole
B BRAHAFE o] falo] A AT IE, sheta] 1l o] ATrellx= A2 alA Axgtell 71xsle] Hxed
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ool ARH HEAQ) ke A AATE Table 8 B 98} 2 o] AP wAls Foto] TERAS A% e ghE
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< AAE: 1.0)3 Bk st A @ Alen] 7 7159 kA Aol 7} AFEE uEE gho T BEHAE-S Ash= /)
3} fFARIAY 25 O Bl g vEla Sles Holok, sk HER A 9 7| 2ARE o] i
T AU AES ApuiA|Rke] sjgab, o] Aol el Aol
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o] 1A= oA Fig. 50 Yehigl o A, wall 9 53 o7 AT
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2008; Huh et al., 2007, Kwak et al., 2010; Doan et al., Tt o] Ao EAZAw 1l 3 A #B3Y Sof ZAF
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Table 11. Load and resistance factors for the caisson quay wall
Load condition Failure Mode Py (%) Br % % 7% 7k
Circular Slip Failure 0.097 3.10 0.76 1.00 1.316
Normal i i
Bearing Capacity Under 0.440 2.62 0.83 1.00 1.205
Eccentric Loads
Earthquake Bearing Capacity Under 11.500 120 0.96 1.00 1.042
Eccentric Loads
Table 12. Comparison of the load and resistance factors for the caisson quaywall (Circular Slip Failure only)
Japan This study
Category -
T ¥ 7k T TR ¥s 77k I ratio
Sandy Soil Layer 0.83 1.01 1.217 1.00 1.081
COV of Cohesion,
V<01 0.86 1.05 1.221 1.00 1.078
COV of Cohesion,
V.=0.1~0.15 085 1.04 1.224 1.00 0.76 1.00 1.316 1.0 1.075
COV of Cohesion,
V.= 015025 0.80 1.02 1.275 1.00 1.032
COV of Cohesion,
V> 025 1.00 1.00 1.000 1.30 1.012
Target reliability index Br=230 Br=73.10

Design data used to the
code calibration

Ground conditions consisting of mixed

layers (clay layer + sandy soil layer)
and layers dominated by sandy soil in

quay walls and breakwaters

Quay wall (Ground conditions dominated by
sandy soil layers)

Performance evaluation
equation

Modified Fellenius Method (on average
7.6% and up to 13.2% more conservative Bishop’s Simplified Method
than Bishop’s Simplified Method)
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