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Reliability Analysis on Stability of Armor Units for Foundation Mound
of Composite Breakwaters

o] g
Cheol-Eung Lee*

2 K EAA AR )R PeE el AXEE SBAle] 205 A A% AYEA AN Pl 2
2 S knh A 71 SRR A, sl el SRR et & Qe e 91 e
&S ARAE SR $HE AN J1E ARAS PSR 290) AR 2§ 2ol S8
How QXHT WA APEA BANCR Qoo fmee] oiste] ofe] b4 £71S MAIWA AR 71k
PReE mEe] Wee SEA) £QFFS APIATE A V1% PR AN} FEEE, Akt SR
E) ﬁ@JA]i HE AE FE2Ae] A0 FERo o] 2 9B A=) oIS solslgit. et
S8 Sale A olshd Wil Faol etk g, ¥ Aol ASOw AR 7|2 vk SEAle] et
NS dlo] AR, ol AREN MO AP AL Bkt BRIAT PR Falsha,
skl IR 7 SEusEe] Bahage)] nhe ofgel g Ains] Slgolch. Auy A vl oJshi 7
£ 3Po] WESH 201 AFE saAle] 2eFwe AR/ 504 A% £ B9 el 1] 3]
S7h A BB 129%S 2tk B8 G Y A3l eke kel ntet ok hExu AR o ok
AR, st el AR )2 vhesae) ) o shlel) VA 3ol 32 Held & ik vpow
QAT AP S0 EPSIol 1 el 1) HR1S S e skl BE g il 4

BeIsie), o) sl Slabed A Sl vhenel ol o] A sl et sl el
HRh AP 7] vREES) Fo ALGE, QU ] Tt #44S vhIREe AdE 20w Helsgt.

AI0|  BAA, V)% PRe T W)EA), P4, A ad, Sake

Abstract : Probabilistic and deterministic analyses are implemented for the armor units of rubble foundation mound
of composite breakwaters which is needed to protect the upright section against the scour of foundation mounds. By
a little modification and incorporation of the previous empirical formulas that has commonly been applied to design
the armor units of foundation mound, a new type formula of stability number has been suggested which is capable of
taking into account slopes of foundation mounds, damage ratios of armor units, and incident wave numbers. The new
proposed formula becomes mathematically identical with the previous empirical formula under the same conditions
used in the developing process. Deterministic design have first been carried out to evaluate the minimum weights of
armor units for several conditions associated with a typical section of composite breakwater. When the slopes of
foundation mound become steepening and the incident wave numbers are increasing, the bigger armor units more
than those from the previous empirical formula should be required. The opposite trends however are shown if the
damage ratios is much more allowed. Meanwhile, the reliability analysis, which is one of probabilistic models, has
been performed in order to quantitatively verify how the armor unit resulted from the deterministic design is stable. It
has been confirmed that 1.2% of annual encounter probability of failure has been evaluated under the condition of
1% damage ratio of armor units for the design wave of 50 years return period. By additionally calculating the influ-
ence factors of the related random variables on the failure probability due to those uncertainties, it has been found
that Hudson’s stability coefficient, significant wave height, and water depth above foundation mound have sequen-
tially been given the impacts on failure regardless of the incident wave angles. Finally, sensitivity analysis has been
interpreted with respect to the variations of random variables which are implicitly involved in the formula of stabil-
ity number for armor units of foundation mound. Then, the probability of failure have been rapidly decreased as the
water depth above foundation mound are deepening. However, it has been shown that the probability of failure have
been increased according as the berm width of foundation mound are widening and wave periods become shortening.

Keywords : composite breakwaters, armor units of foundation mound, stability number, reliability analysis, failure
probability
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Table 1. Statistical properties and distributions of random variables
in reliability function of Eq. (6)

# X, Hy, Vy (%) Distribution
1 Ay 1.0 18.0 Normal
2 A various 3.8 Normal
3 D, (m) various 6.7 Normal
4 cotar various 5.0 Normal
5 K various 10.0 Normal
6 h'/H, various 10.0 Normal
7 H, (m) various 16.0 Gumbel
8 N, various 50.0 Normal
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Fig. 3. Variation of x with respect to incident wave angle, S and rel-
ative width of foundation mound to wave length, B,/L".
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Fig. 4. Variation of N, with respect to x and /4"H..
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Table 2. Minimum weight of armor required for protecting rubble
mound foundation

BC) 0 60

K 0.863 0.863
% 0.171 0322
K 0.148 0278
N, 3.790 2.800
W (tf) 1.560 3.880
D, (m) 0.838 1.136
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Table 3. Failure probabilities with respect to the foundation mound

slopes
cota 2.0 3.0
BO 0.0 60.0 0.0 60.0
P (%) 45.6 46.4 27.6 279

80.0

Trunk, B=0°

cot a

Fig. 7. Variation of failure probability with respect to coter, D) and
N,

wr

A 55 SEAF, «&F AR, N7F o]l dldsitt
oA AnbA o ® JAFE A7+ fAksh, 53] 9
Aol - B=60°Q1 7ol h/H 2 B8] A zZko = ]IAksk
© AFEE AA UERTE o= YJARte] AAH A7to
JAFeh= ARt gool nXE hYHC] G5Fo] AdE o
2 Fopzthi= AS ou|gith

Sk Table 201 AAIE IEA Y] A QFHE oA Ax
319l %0] K, =2.9, cota=2.0, Dy=1.0% 18]l

olgh= 7Pdstell A ¥ Aot mEbA] 5 AR
FYsHA At ok st AAlE 71 x rREE AARE cota=
3.00.% o] ehetsiAl AASKIh wheba A o] g e A
O I} o] F WA o Flehy] flto] Al A
o, of] thet w3 gHE-S AHdEko] Table 390 Bl wakict.

S 2 cotar=2.0¢1 ZANA A3 JEAYES cota=
3.021 YO AAxJehd h|gEo] OF 40% FHAEITh St
Al dlAlet 29-2HE g el Slebd Ad71zE s0id A A Tt
tiste] ©k9] dofl Jall&, Dy = 1.0%7} TAE 2E0] 0.65%
7} #Ac}

T gHEe] As-g o] RIS ko] AR diste] 4]
Zto & QIAksh= Aol tigte] 71x AR ukeE ZALel 3
a1, Atk Wslel| whE w2 gkEe] WslE Fig 74l Al
Alskelet. 1R ellA] oF = Qo] 7% AR mi-E AHANE
cotg=2.0 Bt} eutstA &%, vaEE Dy = 1%C14

=5%% A 12TS S EES Aotk iR 7|
Z AP vREE AR cota=2.0 Bt J8HAl B, YA
7t ARGE 9 g e g SR AEE Ve
yit}, o] = kollA] AF3sE th2 24yt FallE 1%¢] thate]



30 ol g

HA A O R 46%°) 9 FE-S ZEethe 7)ol B, A
A 7z s AR s ehd TEAlS] FRE &
T AUt gujo]al W2 A AAlshH F%e 23]
SZaljof stk SJulo|tt. vl 5 oY 7HA] AR <l
54 S A 249 g2A AR 72 e Es Y
SHAl AAISHE -9+ olell tist st =971 d esft
ool A= FpA 3 AR 7] % v T]BA 0] HA A
T A T s JEES vAE AFES HEAIZHEA
e A8 AT AAA AAstolor & Fadk W
7% vR-=o] 409 Folok, BEsh QJAkake] f-2]57)
3l 2Jsto] gz o® yewa glek. webA oo
FEE JFA o Felstazt st
gfego] 2 7Fo 7z QQAtehH= =071 7ol kel <A
= 200w ] A 7 x veE Y] 4L b
HSIA) 7 EA S|4 81T Table 40l 27822 AAH
ARE FE5A] HA AL tEYAES ARSI o]
A= 2 (@)l A0 Z WEFH K, =29, cota=2.0, Dy =
1% 183 N, =500 7|F02 A5 Zolt}, oA &
T U0 AR 7 &2 B AFe] 4, o) Aobrdel whe
=, A 7N & mET) el k] A w5 Ae o)
3EQA0] A 8T ERE A g9l & 5 Sl o] AFE o]
gato] A=Y SAS Fetd ellA] Aust Al T
Sl K= AellM st EhEe] of de%x s 5, 4

e 1o/

£ rr 4 2 o
>

o roh (% oo
NI

mri |l

Table 4. Minimum nominal diameters of armor with respect to

@ T3E 1%l diste] Ha o= 46%2] v e 2t
=t Zlo] ERlE it

3 o2 AN h'=9.0 mel tske] A v E A
D, =0.838 ma U hell 483 v vehh= ahjekEe] |
3k= AAkske] Fig. 8l A48kt
JReA = LRo] AM & mhRe-E Ao FAlo] o
A FF AIA] AE 209 =A HE o gEo] b
7k Wigkeh= 2ls & o vk 53] ho] ZopA=
o]afjof st}
o2 Alo] Aol AA|E= AM] 7% vk
Bloll whE B2 Hi 2 hEYAE Y v g
FoATh. WA Table 50l A2 AA el 2lste]
|A1SHAEE. SkellA] AAgE AR 7] % vk
sl wpE Aol AR AR 7] & rhes
TEE HA UEYAEE AR RS &
1250} o] 2o sk 2](3)2] Ak
of o)t 3oz ket
53] Table 5°l= CEM(2006)7} RM(2007)°14 AF&-8l=
21 (5)2] A3= g AAIsESlEH], ol ko] -9 gy
AR 7% pREE F2 W7 A (5)¢] A8 91, 3.90 <
By, <7.157} RE5al7] wjitolth, 32e] o8k 21(5)7F 21(4)
Hop oF 19804 148 744 o] & I HEAE AP &

ot o
oX e 1o ot o
mSI i

i

0

2
2

[

iy oX
=
il

=

4oy

>

o
[
Ry

rg
o 2

=
b
™

[ %2 10 ox = mu [0
S

I
o
)
N

I

Table 5. Minimum nominal diameters of armor with respect to
width of the rubble mound foundation

water depth above the rubble mound foundation N, D, (m)
By, (m -
A (m) K N, D,(m)  MH, () Eq. 4) Eq. (5 Eq.(4) Eq (5
6 0.221 2.301 1.382 1.2 5 0.060 5.616 0.566
7 0.190 2.722 1.168 1.4 6 0.085 4.863 2.993 0.654 1.062
8 0.166 3.232 0.983 1.6 7 0.115 4278 0.743
9 0.148 3.790 0.838 1.8 8 0.148 3.790 0.838
10 0.132 4.438 0.716 2.0 9 0.184 3.428 0.927
11 0.120 5.105 0.623 22 10 0.223 3.116 1.020
12 0.109 5.806 0.547 2.4 11 0.264 2.862 1.111
1000 1{_ 0 100.0 T 7
. t 887 Txf‘unk. p=0° 4 Trunk, [3;:00 : 841
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Fig. 8. Variation of failure probability with respect to water depth
above the rubble mound foundation.

B, (m)

Fig. 9. Variation of failure probability with respect to width of the
rubble mound foundation.
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Table 6. Minimum nominal diameters of armor with respect to sig-
nificant period of incident wave

T, (sec) K Ny D, (m)
10 0.224 3.106 1.023
11 0.194 3.337 0.953
12 0.169 3.573 0.890
13 0.148 3.810 0.838
14 0.130 4.044 0.786
15 0.115 4274 0.744
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Fig. 10. Variation of failure probability with respect to significant
period of incident wave.
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