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Probability of Failure on Sliding of Monolithic Vertical Caisson
of Composite Breakwaters
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Abstract [J A reliability analysis on sliding of monolithic vertical caisson of composite breakwaters is
extensively carried out in order to make the basis for the applicability of reliability-based design method. The
required width of caisson of composite breakwaters is determined by the deterministic design method including
the effect of impulsive breaking waves as a function of water depth, also studied interactively with the results of
reliability analyses. It is found that the safety factor applied in current design may be a little over-weighted mag-
nitude for the sliding of caisson. The reliability index/failure probability is also seen to slowly decrease as the
water depth increases for a given wave condition and a safety factor. In addition, optimal safety factor can
roughly be evaluated by using the concept of target reliability index for several incident waves. The variations of
optimal safety factor may be resuited from the different wave conditions. Finally, it may be concluded from the
sensitivity studies that the reliability index may be more depended on the incident wave angles and the wave
periodsrather than on the bottom slopes and the thickness of rubble mound.
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Fig. 2. Required width of vertical caisson as a function of water
depth for S;=1.2 and different incident wave conditions.
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Fig. 3. Impulsive pressure coefficients as a function of water
depth for S;=1.2 and different incident wave conditions.
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Fig. 4. Required width of vertical caisson as a function of water
depth for S;=1.0 and different incident wave conditions.
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Table 1. Statistical characteristics of random variables for reli-

ability analysis
Random " o o
variable Xp* o=l /X, 1=0xX, Vi* Distribution
u 0.6 1.05 0.16 0.15  Normal
w - 1.01 0.05 005 Normal
P - 0.72 0.13 0.18  Normal
U - 0.72 0.13 0.18  Normal
*Design value
**Coeflicient of variation
3.0 H H H i
. { Ho'=10m, Ti=13s

d (m)

Fig. 5. Comparison of FMA results with FDA results as a func-
tion of water depth for different safety factors and inci-
dent wave conditions.

F 23] 3 eaf, agjw o 4bgale] A ox B
o] 7= o] A= ojo} gt}

Table 19] BA14 547 SFEELE o83l Foi
HAREZAF PRES 7HX 2 AlLtE FMASE FDAY 2
FE Fig. 59 WL AASHATE 2doA] & 4= 950]
IS 2 M= FDAY A=) o7t & AFAFE
ERia QIR A FolA] AFE ule} 2o AAdHog
W7 AEEE FdlME FMAS] ZA3e} FDAQ] &
3 Atolof] M Z AolE HolA] @ vt wehA] &
AR S5l gt A2 sl M= Nagao er al (1995,
1997, 1998)°] 5% vle} o] FMAZE S-5-3] 48 7}
T3 Ao E FAAE} E3 FDAS] ARE 0]-8-5)o]



A Ay Aol &Fol UiF AAFHE 103

Table 2. Influence factors of random variables calculated by

FDA
Random 2
Variable %i % v fi-e,
P 0.810 0.656 1.705
W 0222 0.049 1.025
P 0.533 0.284 1182
U 0.107 0.011 1.006

FMAdME 388 4 gle REE] o). &, &
AA AY Aol EEel i A S H3l AL
|3 FEH it FEe] =Tt 4 (126)E 083
o A=A} 7} FEHSES] F3F 57} Table 201
AX = ATt Table 29] Aibe JARIIL 10 m, F7) 135,
vhEE 9] 454 10m, 28] 3 QFRE 1.200 the Ax
o]t} Table 2014 & = Slo] wpaAR, 34, =}
F 281 It SAE 9FE FT Table 29 vhx]|
T dol AR A= FF HeE dEHSE FHFH
< o} ZHEH FrE HENS W dold F A=A
9] BlE ojulgth 1.00] ZAR g 1A A= 2
BEA FFE HAFE 5 Avhe uledh A
T IR A9E AR FEE HIT S0 =
gk o)de] Als v 2ol A€ 4= k. &, Ao
&) S BEH oz F7INT)Y] SsidE tE A
AMTE 2A ke AR nbaASFE S7M7)E Rl
Ht} S8XYS ou)3it), o|9} -2 u)7F3lo] ofATE
WES} 2 ARG ARREI] vk} A|olAle)] n}
HATE 2ol Al=rt 3=l Qiok. B2 AAHY
Wl ek a22i7t Fes|x ik o) v 4
© 2R ol A Fale] 7FAAS ER3Y] 98t
FMAE |83t A= sj4E 3514}, ol FMA
o] A3t HPF o= Wit ohje} Ygdozw gnlE
7AgE VeI 7] WFolt). kA olsloiMe AR e
AAYE o183t 2bgE Al tisle] FMAE o83}
o A4 HAE P o) 2FA XS 53}
o ZREA AN AR E F2Ee) Wigk 9y gE
o Ml g 2 AFTEAS 3] Agol)

WA AHEA SAYY Fig. 29} Fig. 40 3 41
4 4 ZHE Fig. 6ol AABICE FL3 200 ¢t
A&o] A wet A2 257} Zolx|E Bl A7
€ Fig. 62255 &% 5= it 2] 8byollA 44 ¢
T ARe] ARG} Zolths AL wajgEo] Z7t

Br ,,

12 T T T I T T T T T

0 5 10 15 20 25
32 | 1 l ] | ] | ]

] R g ;
24 - T + .

5 SEopt 1:13

7 R SRS N Ot Sosseoseosssven evecree 2o
12 T T T T T T T T T

0 5 10 15 20 25
32 1 | 1 | 1 ] ] | 1
28 oo Ha. = 5m, T = 98

d(m)

Fig. 6. Reliability index as a function of water depth for differ-
ent safety factors and incident wave conditions.
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Fig. 7. Comparison of reliability index included the effect of ¢,
for different wave conditions.
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Fig. 8. Variation of reliability index for different incident wave
periods.
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Fig. 9. Variation of reliability index for different sea bottom
slopes.
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Fig. 10. Variation of reliability index for different thicknesses
of the rubble mound.
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Fig. 11. Variation of reliability index for different angles of
wave incidence.
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