3l - 3lE s A
A18E A 13, pp. 69~83, 20068 3¥

SotollA el Halol] sk XA sl
Reliability Analysis of Wave Overtopping over a Seawall
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Jung Eun Oh*, Kyung-Duck Suh* and Hyuck-Min Kweon**
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Abstract : A Level 3 reliability analysis has been performed for wave run-up and overtopping on a sloping
seawall. A Monte-Carlo simulation was performed considering the uncertainties of various variables affecting
the wave overtopping event. The wave overtopping probability was evaluated from the individual wave run-up
by using the wave-by-wave method, while the mean overtopping rate was calculated directly from the significant
wave height. Using the calculated overtopping probability and mean overtopping rate, the maximum overtopping
volume was also calculated on the assumption of two-parameter Weibull distribution of individual wave
overtopping volume. In addition, by changing wave directions, depths, and structure slopes, their effects on wave
overtopping were analyzed. It was found that, when the variability of wave directions is considered or the water
depth decreases toward shore, wave height become smaller due to wave refraction, which yields smaller mean
overtopping rate, overtopping probability and maximum overtopping volume. For the same mean overtopping
rate, the expected overtopping probability increases and the expected maximum overtopping volume decreases
as approaching toward shore inside surfzone.

Keywords : reliability design method, wave-by-wave method, wave overtopping, wave run-up, seawall,
variability in wave direction
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(a) Slope with crown wall (Aminti & Franco, 1988)
G

SWL y

(b) Straight slope (van der Meer & Janssen, 1995)
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Fig. 1. Geometrical parameters of sloping structures related to
wave overtopping.
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Fig. 2. (a) Flow chart for computation of various design values for wave overtopping.
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Wave deformation by Kweon et al.(1997) j
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Rayleigh distribution
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-> Calculation of R,
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Calculation of overtopping prob. Calculation of
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mean overtopping rate g(j)

:

max. overtopping vol. V. (/)

Calculation of

Fig. 2. (continued). (b) Subroutine of the flow chart.
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(Expected overtopping probability)
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Fig. 3. Expected values vs. number of samples.
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Table 2. Test conditions
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1

Water depth Slope of structure

Deepwater design principal

Standard deviation of Directional spreading

wave direction deepwater principal wave parameter
d tana .
) ( ) (Bop) direction (o) (Spax)
0° .
6.5 m 1:2 15° 0 10
16 m 1312 30° .
28 m 1:4/3 45° 15 25

sod, Alal A7) Fokgat A3) Fokpe] ERR 17

£ o} B7) all, AZEA 241 6.5 mé} 16 m, 28 mE- T/
o2 st uier AAF 1:50, T3 AL 0.02 ~0.04
o, =4 28 me= 4t d/H, = 3.04(non-breaking wave)=
47} 38 dojupe 7rte g v|duioln, 424 16m
= A4 d@iH, = 1.74(breaking wave)=. 4 9}7} B] 5]
+s] AAtEE rtelt) §h 4] 6.5 me A4
d/H, =0.7(broken wave) == ojn] Hu}7} Bo) o]
w} olA=7E ZA 3k sl Ft7telo). Table 29] &
Mzl wel Foigke] siebde] 2zl Asjda
Hy=92 m#e} ok ¥R AT ETable 337 20

AR A 9] wiFmols 3t 3 ofgk A 7EE)
G, 1999yl 4] FAL4 vHEEe] R/HE 0.6~ 128
ARSI, £ dAtelxe F U W R/H,=0.6~ 149
Ftoll hahe] Teolatgdt). 31 Level 3 2134 44
21 AANS2 FA A9 oot WEATE Table 4
o} At} o] ZEL Takayama and lIkeda(1994), Shimosako
and Takahashi(2000) 5-& F31 & 3lo] L& FhEIH,
o AR E AR B dFolr 43 ghE2 ook A
(1998)2] 9123 232 Takayama and lkeda(1994)7}

Table 3. Design wave heights for different water depths and
directional spreading parameters
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cmeeee =16 m, Bog=0°
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Sy = 10 Spax = 25 R, I H,
d=65m 4.30m 4.35m Fig. 4. Expected overtopping probability vs. crest elevation for
d=16m 8.70 m 231'm different deepwater design principal wave directions
d=28m 854 m 8.95 m and water depths (tana = 1:4/3, 5, = 10, 6,=0°).
Table 4. Estimation errors of design parameters
Design variables Bias Coefficient of variation Remarks
Offshore wave height 0.0 0.1
Storm surge 0.0 0.1 10% of offshore wave height
Wave transformation 0.0 0.1
Significant wave period 0.0 0.1
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Fig. 5. Expected mean overtopping rate vs. crest elevation for

different deepwater design principal wave directions
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Aminti & Franco).
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Fig. 6. Expected maximum overtopping volume vs. crest eleva-
tion for different deepwater design principal wave direc-
tions and water depths (tana = 1:4/3, 5., =10, 6, =0°,
Aminti & Franco).

o wlal 7} P, BA i gl R /H
LR DR LR B B E T S EO DR LT
£ ¥ 27 Yehdch. 2212 45} B8] Dok 16m
4413 Ash) Aol %7} AAHE 28 m SN E
2219 pjpolel we J NS, 7 eiEags, 7]
o) LR} vl epde. 8 slgtel ul
£3) QAlalE AaimhEe falo] g Fow HvHy,
24H9) oz W} sjerdel] AL Wakew Fojx)
WA freloat e, mebd Qkshs shae) Als
Fulgpo] 245 o) Jae o 27 Lol Yste]
B EE ZolsA Bk B9 HAsh) Wel K 2ol
ol@ Fnr) Aol oF Wi a EATE AujH]
7] W goll, 541 6.5 mollAi= 4leh A Fopadel ope
Ao} vl@A A7) erdt), 9 22y 29,

agy
1 3
0.1 s
. E /
- ] / i
w ',v' T
0.01 ' {iasF1 143 )
3 b 810, 6,707, Boo® ol
. 7 d=6.5m j
1 7 =
0.001 "]_r[||||| T |l||||| T T T 1711717
0.001 0.01 01 1

E[g] (m%s/m)

Fig. 7. Expected maximum of overtopping probability vs.
expected mean overtopping rate for different water depths
(tana=1:4/3, s . =10, o= 0°, B, =0° Aminti &

max

Franco).
100 3 -
] s
] e
E ] -
— 1073 —~
= . .
_ ] (1A8F] 1:413 .
w J 8 10,0,70° Pg= 01
1 T —TTT |'|I T T T !\l—l‘lu.«-“wlr 7;7; I:“l‘ll
0.001 0.01 01 1

E[q] (m¥s/m)

Fig. 8. Expected maximum overtopping volume vs. expected
mean overtopping rate for different water depths (tana
= 1413, 5, =10, 65=0°, f,=0°, Aminti & Franco).
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Fig. 9. Normalized run-up height vs. normalized individual
wave height at various water depths.
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Fig. 12. Expected mean overtopping rate vs. crest elevation for

different directional spreading parameters and structure
slopes at =6 m (65=0°, Byp=0°, Aminti & Franco).
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Fig. 13. Expected maximum overtopping volume vs. crest
elevation for different directional spreading parameters
and structure slopes at =16 m (O'ﬂ=0°, Lop=0°,
Aminti & Franco).
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Fig. 15. Expected maximum overtopping volume vs. expected
mean overtopping rate for different directional spreading
parameters and structure slopes at =16 m (g;=0°,
Byp=0°, Aminti & Franco).
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Table 5. Determined crest elevation (R, m) for Aminti and Franco (1988) model (05=0°)
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3 tana=1:4/3,s .. =10, tana=12,s, =10, tana=1:4/3,s =25, tana=1:4/3, 5 =10,
q, (m’/s/m)  Depth (m) Bp=0° fp=0° Bip=0° fop=30°
6.5 5.26 4.92 6 521
0.02 16 8.22 7.26 9.8 7.88
28 8.11 7.59 9.35 7.74
6.5 4.48 4.24 5.09 4.42
0.05 16 6.99 5.88 831 6.69
28 6.88 6.54 7.97 6.57
Table 6. Determined crest elevation(R , m) for van der Meer and Janssen (1995) model (aﬂ= 0°)
3 tana=1:4/3, s . =10, tane=12,s =10, tana=14/3,s =25 tana=1:4/3, s =10,
q, (m’/s/m)  Depth (m) fip=0° £ =00 =0 Bp=30°
6.5 5.68 5.68 5.87 5.6
0.02 16 10.1 10.1 11.05 9.51
28 9.85 9.85 1033 9.58
6.5 4.74 4.74 49 4.67
0.05 16 8.46 8.46 9.28 7.94
28 8.24 8.24 8.64 7.74
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Fig. 16. Determined crest elevation vs. deepwater design principal
wave directions for oy = 0° and 15 °(A&F, d=16 m,
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