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Evaluation of Partial Safety Factors on Sliding of Monolithic Vertical Caisson
of Composite Breakwaters
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Abstract : Partial safety factors of the load, resistance, and reliability function are evaluated according to the
target probability of failure on sliding mode of monolithical vertical caisson of composite breakwaters. After
reliability function is formulated for sliding failure mode of caisson of composite breakwaters regarding bias of
wave force, uncertainties of random variables related to loads, strengths are analyzed. Reliability analysis for the
various conditions of water depth, geometric, and wave conditions is performed using Level Il AFDA model for
the sliding failure. Furthermore, the reliability model is also applied to the real caisson of composite breakwaters
of Daesan, Dong- hae, and Pohang harbor. By comparing the required width of caisson of composite breakwater
according to target probability of failure with the other results, the partial safety factors evaluated in this study are
calibrated straightforwardly. Even though showing a little difference on the 1% of target probability, it may be
found that the present results agree well with the other results in every other target probability of failure.

Keywords : composite breakwaters, partial safety factor, sliding failure, reliability analysis, Level Il AFDA model
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Table 1. Statistical properties of random variables in Eq. (7)

X; My, oy, Distribution
W L.o1 Wy 0.02 W, Normal
Cy 0.77 0.05 Normal
Fy, Fy, 0241 F, Up Normal
I 1.06 £, 0.16 £, Normal
(o 0.90 0.05 Normal
Fy Fuy, 0.244 Fyy, Normal

“JSub-letter means value used in Deterministic Design Method
(DDM)

= WA Al=gkre) dd
7} SFERgo SR BT T ShkEA A9
oo} shtt. B]F A|gH o)1 s1A|NE o] & Fl3te] EAdA|9
D& AR A e 7)E ARES A8
WA Burcharth and Sorensen(1998), CEM(2006)1 #l|A]
H A5 FF Bruining(1994)2] AFgol] 7 71 Q)
o}, 7181} Takayama and Ikeda(1992), Van der Meer et al.
(1994), Christiani et al.(1996), Kawai et al(1997), Shimosako
and Takahashi(2000) 5-& 2% At55 o]gste] the 57
2 B4& AR E a13itE. & ATl Table 190 A
15] TAA 5L olg3sto] A=A B & TGl
J a2 Fig. 29} Fig. 3014 AAlE o8] 7}4] =4
| Tz ae|a szl distel S Fig. 4
= S Y RCs) Bad gEHTES g viAE 9
Fo] A= Uehlles QEAITE A Zlolnt. a7lel
%ol e HolE uH s O] PPz 4

1}\

A=

I
e

001‘

I
Ol
¢
o)
o
=l
&
E
g
P
s
BN
L
=2
>,
_*;i
o
AU

(=3
o

>
o
°
= A
M xe

> 10 g
fo o

o
18 N
offl

lu

ox

o

4

o

=l

b
30,

i)
Q@ e J
)
>
o
it
£
e
w
rlr

(o}
NV me of\ o
| OE ol

N o

g 8=}

> =

- ol

o oI

% E oZ o

= 4 i

% o2 (i

AU glo ‘P o

o 1o fr o

o o o

X, ol a:l

jg fr rlr %
poy

yERE

T el

2 et

O )

- el

Yoy e & o
JIN o
rl
FE
o
)
ﬁ
ga
_vg
r 2
e
g
12
o2
g(rvl
X,
¥

o g A

o
_\|:L

73] e, e
= okt Zrpstn + Bl 3 S sl A
LR ek 4] (1814 & 5= 910 ol Thet 3ol
7} shggo] Yok Aol eRd Rl o
o} olo] ek AF SAS the ol e
A9 1 ATeE A9EA Ao AR A &
A Aleze] BEklel the A5 SHAE Faekic.

oA} ke Aafete] tiakel, Falete] Seid W Eaket
o7 B 37| ot} tjEA 02 Fig. 500 thabate] et



A A7) Alol=e] Bgol gt b AT 2 273
1.0 - ) g 7 - Table 2. Wave and geometrical conditions of breakwater of
Hy =10m; T=13s i@ Daesan harbor
H, (m) 5.0
Wave T, (sec) 9.0 S-S (1988)
Direction NW
d (m) 17.574
a B (m) 27.474
K. (m) 3.000 e CA ALk
Geometric h, (m) 1.426 ‘1;] oﬁ(l_u_"__/\?])zoeoo]
D (m) 9.400 7 (2000)
t (m) 0.500
: : tané 1/100
-1.0 T ] T [ T ] T | T
1.0 20 3.0 4.0 5.0 6.0 Table 3. Results of reliability analysis on breakwaters of Daesan,
i _ Ra’_‘d""l "'am‘_b!e _ Donghae, and Pohang harbors
Ho =Tm, Te=11s : ) b Fy 5(%)
: : { = Harbor L C,70.77 L C,~0.77
R CRCAO gy GRG0 g,
3 Daesan 1.70 1.92 1.31 0.13
Donghae 1.15 1.35 22.88 3.15
& 00— Pohang 1.69 1.94 1.43 0.10
UHA| A2 Eel thstol= AlolE A9 HelTF
I ok D91 HE ARSIl o] f18l Table 201 A
Sl TR LI 2a)2e) T 4% AN 7t B2 Az i 2
-1.0
— 1 T 1 T I5 Table 30 AT 3EellA] & 5 Q1] 4] ()2t
1.0 20 30 4.0 5.0 6.0
Random variable 9byll 2Jate] 2P EAAIT7} thE A Btk o)) wE I}
Fig. 4. Influence factors of random variables related to sliding YIEE th2A4 vepta 9ok E3] Ealdke] A= o]
filure for (&) iy =10m, 7,,=135 and () A =T g a) g shioo wjel Hgol 2 Aol vl 3
T3

o} QAR Aztow qlateld, okl ofe] A& elsk 1 glrh

F.L 11.90 .
1}.00 7.90 1,00
i i
Bigg- 0 )
< Approx.H.H.W (+)8.574 E—
' DL.{+) 7.00 s WA 23BIE &

4 M. 5. Li{+)4.287

< APPROX.L.L.W (+)0.000

2| A
0.015~0.03m /EA @ DL.(-)16.50

DL)18.90

DL.(-)16.50

Fig. 5. Cross-section of Daesan port west breakwater.

% 4 901 294 AU JIATE Fi 61
A AL} Table 200 Aol AL A 2AL ANSG MBI, ANHOE Fig. 49 FAR ASEYL



274 oldg - ukEd

1.0
—)- DAESAN
DONGHAE Fugh
4 {0 POHANG _"'_EJ
i
Cui s
Cu _.Fy ,@/
Aw_ = O
0.0 <) \ y
¢ ¢ 7
P 4
N7
- \ ;“
N
®r
-1.0 1 | 1 | 1 | 1 I 1
1.0 2.0 3.0 4.0 5.0 6.0

Random variable

Fig. 6. Influence factors for sliding failure at Daesan, Donghae
and Pohang ports.

1.6 ; ;
| HI=10m, T.=13ec (a)
S T Do
1.4 O
Tr T O

O Fs=1.0  Fs=1.5

o i[O Fe=1.2 (0 Fe=20
LO —frrrrrr T i||||:| T i||||||1 T
100.0 10.0 1.0 0.1
1.6 T .
| Hi=10m, T:=135ec (b)
e
T ok R SR o
: B O
¥s T (‘\ %

P OFs=10 O Fsels
f O rs=1.2 (M Fs=20
illlll T T

1.0 LI | iIIIIII T T

100.0 10.0 1.0 0.1
2.4 ; ;
- Hi=10m, T.=13ec ()
R 1 T R, o R A L s R R SR
1.91

Tz

PO Fs10 O Fs=Ls
P Fs=12 (O Fs=2.0
| LR

0.8 mrrrTr T

ill mmrra )
100.0 10,0 1.0 0.1
Target Probability (%)
Fig. 7. Partial safety factors with respect to target probability
and various safety factors for (a) resistance, (b) loading
and (c) reliability function.

SRR

ol
4. S2OMEA|S0| Ay 2 B
Level Il AFDA 3141¥& o] 83o] o8] 711 =A% A
9 dz, gz oigk Aglg o] = &
5] kg, %ﬁﬁﬂ T=)ar 2] A=A A 9
sto] AR AA ZA3A] Alol=e] Drsutaof thst 41
A AT A FAE ST AEA S = s EkE
ek ohdgl 2 gENGY] stae] X e JeE
HeRlE J3AITE] 755730l 8] aiA = it whet
atoll= o5 AFE o] &-3to] AME FxFEe] w

S AT Y ot 2efa AF el et B2k Are

X
O,
(ol
=
1 =

Fs=1.2 i (a)

2.0 — -

H‘:m) Ti(sec)

i (ORRY O 1w, 13
| - L S = 1 TR TN
3os < : 5 9
7l M 3 7
0.8 mrrrri I I:IIIIIII 1 illlilll 1
100.0 10.0 1.0 0.1
Target Probability (%)
24 . r
Fs=1.5 (b)
2.“_......................................................._:: ...........................
@1»3

y L S sinenssacobissessammyonsoasassaroasens

I-II (m), T(sec)
S0, 13
7,

3 7

08 =TT

IilT!ll LI |

illllll T

100.0 10.0 1.0 0.1
Target Probability (%)
Fig. 8. Partial safety factors of reliability function with respect
to target probability and various incident waves for
safety factor of (a) 1.2 and (b) 1.5.



A A7) Alol=e] Bgol gt b AT 2 275

L6 :
g @)
1. —feiseeissanses . ...............
Tr 7 o)
13_ ...m.
‘ 8 . i ™ ronanG
1.0 mrrruru T i|||||| T T illllll Ll T
100.0 10.0 1.0 0.1
1.6 T :
i i (b)
L esviveia ........ ] b
a O
Vs 1 : LJ :
: Lo
e @
. . : O | POHANG
LO =T j[lllll T i[lllll T
100.0 10.0 1.0 0.1
24
-J_'.—
E}un
Y? |_6_ ........................... ....... G]F’ ........ SAEEEE RS e ba AR aan
=] Oe O  DAESAN
i (O PSSR m”f' ........................ DONGHAE - -
- OREY © [0 POHANG
08 =TT i[lllll T i!lllll T
100.0 10.0 1.0 0.1

Target Probability (%)

Fig. 9. Partial safety factors with respect to target probability
for (a) resistance, (b) loading and (c) reliability function
of Daesan, Donghae and Pohang port breakwaters.
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