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Reliability Analysis of Stability of Berm Breakwaters
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Abstract : Two reliability models, AFDA(Approximate Full Distribution Approach) and Monte-Carlo simula-
tion method, are directly developed to study on both hydraulic failure mode of berm recession and structural
failure mode of armour breakage of berm breakwaters. By comparing the present results with the results of other
researcher, it may be confirmed that two reliability models can be straightforwardly applicable to berm
breakwaters. Relative influence of each random variable on hydraulic and structural failure probabilities could be
properly analyzed. The upper bound and the lower bound of failure probability can be evaluated by using bi-
modal bounds of the multiple failure mode analysis, from which it may be possible to investigate some kinds of
dependence into between two failure modes. Finally, it may also be found that the structural faiture mode of
armour breakage could become a main failure mode of berm breakwaters in the condition of more than any
allowable berm recession.

Keywords : Berm breakwaters, berm recession, breakage, multiple failure mode, reliability analysis
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Fig. 1. Recession of berm breakwaters.

Table 1. Statistical properties and distributions of random
variables in reliability function of Eq. (1) for hydraulic

failure mode.
Random variable Mean Cov Distribution
A 1.62 0.038 Normal
D, (m) 1.95 0.067 Normal
T, (sec) 10.40 0.100 Normal
H_ (m) Various 0.160 Gumbel
¢ 0.0000027 0.000 -
¢ 0.000009 0.000 -
¢y 0.11 0.000 -
A 0.8 0.000 -
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Fig. 2. Comparison of the present results(—--, — -) with those
of Torum et al.(2000)’s results(C, (T}) for hydraulic
failure mode.

2000; Van der Meer, 1995).
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Fig. 3. Compatison of probability density function of AFDA
(—) with that of Monte-Carlo simulation(c=—=) for
hydraulic failure mode.
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Fig. 4. Comparison of AFDA results(—) with those of Monte-
Carlo simulation((T) for hydraulic failure mode.

Table 2. Relative importance of random variables to hydraulic

failure probability.
Random variable (Rec) ;,, (m) o a?

15 -0.300 0.090

A 16 -0.310 0.096
18 -0.327 0.107
15 -0.536 0.287

D, 16 -0.564 0318
18 -0.612 0.375
15 0273 0.075

T, 16 0.246 0.061
18 0203 0.041
15 0.741 0.549

H, 16 0.725 0.526
18 0.691 0.477
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Table 3. Statistical properties and distributions of random
variables in reliability function of Eq. (4) for structural

failure mode.
Random variable Mean cov Distribution
k 98,306.0 0.20 Normal
B, 0.504 0.10 Normal
K, 14 0.15 Normal
H (m) 6.6 0.16 Gumbel
(2} 0.285 0.16 Weibull
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Fig. 5. Comparison of AFDA results(—) with those of Monte-
Carlo simulation({T)) for structural faiture mode.
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Fig. 6. Comparison of probability density function of AFDA
(—) with that of Monte-Carlo simulation(—=) for
structural failure mode.
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Table 4. Relative importance of random variables to structural
failure probability.

Random variable F, (%) [ of
1 -0.182 0.033
k 5 -0.186 0.035
10 -0.192 0.037
1 -0.088 0.008
B, 5 -0.083 0.006
10 . -0.076 0.006
1 0.060 .  0.004
K, 5 0.053 0.003
10 0.044 - 0.002
1 0.060 0.004
H, 5 0.052 0.003
10 0.043 0.002
1 0.976 0.953
D, 5 0.976 0.953
10 0.976 0.953

Fo| F44 Yoz Y H2AY o|F&Er} 727
HARES A9 AN Y-S & 5 Stk ol T
A kol it R ATE Sl WA TEA
olE& el thet e A7} Aaslolo} ATk 2 o
sl@n. &, thoke 2019 SR GBI BB
2 A2E ol43] YAITNE 27 PR Fe wre}
HEAY LTS 5T 5 St AVAH 29 B
CEER ZEREFENE REERE

4. CISafa| 2 =0of Ciet M2l d1 A

25 WapAlelA Fo8kA I EHE T dare,
5, 73 R eg 72E AR T oigh gd A
!—é]"q a4 BYo) gulEA +E= T = oln) A
oA AFH vie} o] ol5 F IR E EYFo g
LA E Ao| opet 7t ghElr o] Bao] M2 JFE
FA Ao} of= el A AFE vle} o) WAl wdn}
ARERTR= F19] REE FA 5@Fo uyE ¢
U R RER s oo} gtk AL 2Judi)
A7 AAE -] dFaeRE S99 s
ggol 249 5 e A (upper bound)st 35|
(lower bound)E AAtsH= Flolth(Ang and Tang, 1984).
5, B R 4ot oA sla 4atekx] g
WAL U2 2 F Y=k SH= Zo] AF-9) #4o]
g} mebx] B ATeAe Bt JEs sjaL sisll o
2P (uni-modal bounds)°] o o}gell AHE o] (bi-

modal bounds)& ©}8-3ch.

Qele] 2ol NANS) S REs} EA4E S, 5
352 AJ3A)9) FAE the 4] (5l JFled e &
ATt

N i=1
pr* Max[igz {pp,. —j;P(E,-Ej)L}, 0]

S Max[P(EE),]) ®)

N
Sprs _ZIPF,."
i= i=2j<i

A7 pr=pE)y= ‘;]‘oé-’}*]_-—i*ra 2P3E MiA] s}
Iree gAgEolil, K, = [ZX) <0]Ich. PEEy=
M g ree s AR er) FAld 24E gE
ojt}. wehx 4] (5)F ©l83t TUEHAIREY AFeHA|
o A AR AsiME WA 2 gEEEd o
¥ S gET PEE)E AXbsioRt ditt. ol Tt
REg s ek ddaaEEex APgE A
a3, &, #AEES 74 FEATY ITATEC] T8
ke A Yt

A A (5)9] et o] EAlehs A F R
JAA S RET} FAO] DA A HE, PEEYS 44

= 4 (6a)2} 4] (6b)E AH&-3to] AE 5 Qlrh

P(EE), = P(A)+P(B) (6a)
P(EE), = Max{P(4), P(B)} (6b)
=3 2 )Y P PBY= T A (D 2ol SR
E7re) Aol nHE £ g godch
Bi—pybi
P(4) = ‘D(—ﬂi)‘l{-;”—') (7a)
A/1 - p,-zj
P(B) = @(-/g)@(ﬂ"—'?i@j (7b)
J1—= p,?j

7 pre SEES pERE 7o) ARAeEA, 3
HQel FiAe keI d(direction cosineyS ARE-3}
A H4A 78 F vk B3 g 9 IR g
o2 siAd ; IR0 A AP (reliability index)Z
o5 4 ®) 2L FAE ZEh

P(E)) = 2(-5) ®

E“%‘ AR 7% A|uke) REAsE olst
| 3] S of8] 71X SR Tr) 28 5
Tolde 298 LA Fo Fgars

Mz rﬂ‘
r.EL rO



209 A Aol g Az S 405

Table 5. Correlation coefficient between hydraulic failure mode
and structural failure mode evaluated in the present

study.
(Rec) (M) Fp(%) Py
1 4.710x107
10 5 4.082x107
10 3.376x107
4.668x10~
12 5 4.046x1072
10 3.345x10
4350%102
16 5 3.770x10°
10 3.118%107
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Fig. 7. Comparison of results of single failure mode with those
of multiple failure mode for F, = 1%.
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Fig. 10. Comparison of results of single failure mode with
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