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Stochastic Reliability Analysis of Armor Units of Rubble-Mound Breakwaters

Subject to Multiple Loads
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Abstract : A stochastic reliability analysis model has been developed for evaluating the time-dependent stability
performance of armor units of rubble-mound breakwaters subjected to the multiple loads of arbitrary magnitudes which
could be occurred randomly. The initial structural capacities and the damage rates of armor units of rubble-mound
breakwaters could be estimated as a function of the incident wave height with a given return period by using the
modified Hudson's formula and Melby’s formula. The structural stability performances of armor units of rubble-mound
breakwaters could be analyzed in detail through the lifetime reliability investigations according to the limit states such
as the serviceability or ultimate limit state and the conditions of multiple loads. Finally, repair intervals for the
structural management of armor units of rubble-mound breakwaters could quantitatively be evaluated by a new
approach suggested in this paper that has been based on the target probability for repair and the accumulated
probabilities of failure obtained from the present stochastic reliability analysis model.

Keywords : stochastic reliability analysis, multiple loads, armor units of rubble-mound breakwaters, limit state,

structural management
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Fig. 1. Definition sketch of the stochastic reliability analysis model
for multiple loads(Sanchez-Silva et al., 2011).
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o) AL oA FY e REFS B Jet 2

Q3

®A gAEe] BiE o F A, 0 C, N, ¥, Lyt
4 (el lsto] e A 59 ol Aela 5 sk
NI
C(C, Ny Yy ly) = C= 3 Y- Ly )

i=1

Tk (AIZEA] shte] SRk AWV, = 1) Skl 7Hg st
kil ct;C, 1, Yy, Ly =C, _YI_LT7]— 2= = I |
A 55 el lste] shalvh wE BEL e 4 ()
3} o] vpehdl 4= itk

C(t;C,, 1, Y, L

o=

» .
fy(y)dy}P(N, = 1)} "

xfe (c,)de,

A7 PN~ 1= Q19l2] (7P shte) ahgol wae
S5 ofulsn, the A (70l HoH Poisson LEZNE]
AT 5 9k

P, =n) = L )

H] = o]} o] shg WA WAl vt Al
st o, ofA e sl5o] vt drfolar T1of ut
< Jelle] A717F depiA el eigt wAZE g = A] Xkl
th o] E flste] & AFelM s vt A (8)S AASAT

Y= jowﬁl/(x)fX(X= x)dx ®)

714 Pe AR akeo] A xofl ofsto] fE= I
a2 7] YE AMsk=d FQ 3k vl —r(damage function)
= st AX =x)deis 90]o] FETTE HEs Sk

ARV et o= = O R Ll Ak %}‘ﬂ :rLZ‘j =

° ﬂl

aAEmE =
AAE wf i SRR E o235k wlitel] Weibullo]



chgskEel whE AR 15 A0 S8k Ae i 1l

Gumbel?} 22 AR EZHE Ojaskze] 2%, o2 /-2
BLE APY8HL Rayleigh £X 5 o] §-3to] A k52 5
R sEdow Jed 4 k.

H| = Tl slgol AWk 2] (6)= o]&ato] FA8H] A=A
A, =, ARtell ke S gES APdah] flsliME ofe 2}
= ZAoF gt 53] Aslig, Pxoll tigt 2, sl
7], Y] &5t A e s} A SIS ofd gt
T, H)E efsk=up7) A2 dqlolnt. o] g} whdato] &
A7 71 AubA 07 ARg-ah= W o] T 8l (single
load)ell 2]+ 9|al 5 S| shql th 4] (9)8} 2ol
Ao)w = AFEAEES o] gsh= WO tH(Madsen, et al., 1986;
Sanchez-Silva et al., 2011).

&)

(C,—L
C(t:C 1L Y1y Lp) = |

C,-T-Lpfay  (10)
o dellx] FAISHA A= A 2ol digt olalE w71 9
slo] Tdskzel tiste] A3skel). ufebA ol vslks
(multiple loads)S. = Zgal= 212 o] A edtt.

A2 AR 7)) theekso] WA= vk 7Y st
W 2] (6)2 o2 2] (1)} o] Wy H)

W= [LE[1- [ oo}

n=0
xfe (e,)de, (I

o714 A ©)F olga v, = 3 re] ¥EE The A

i=1
(12)° 4% Erlang F2 5 w27 =il 4] (10) U
2 (13)7 o] M=t

1 Hn (n— l)e—®/ (12)

7O = ==

s Lo

Co
C(t:Cpm Y, L) = |
0

-L
c,-v - Lp)fy (0)dy (13)
w4 (11)~4] (13) o8-8k thsslael sl

A= 710k SRS A E 5 Qi) meke 2 271w}

G5 A 9] (AR A A g e

e 4 (e AT ek

Aty = I;v(r)dr (14)

o)zt 2ol A (13t 2 (14)% o-g-aha ARe) 213e]
wE tEels g o8t TEe] w=ueEs) g
w}

.
e AP o QT o= ] AP Eo] ARt

k)
e
=
T
N
Er
(<0
FIF
X
=
=
=
o,
ofl
a2
ol
£
;
=
An)
>
S

o o
o
T

=5
ot F2E R AEE g4 AW 5 e T
A Bt F83 A5 E IS F Uk

A 7)E9 &4 Aykel nlwsle] B Aol e B
ol dist ASS ISt AXES Sanchez-Silva
et al.2011)°] ARE3E C,=100.0, 6=0.05, L,=25.0 ~12]
I A=12001tF A (1)ZF 2] (14)ZF-E APgE A 7bel] )
& S EEY) A9 E3HE-S Fig 300 AAEITE 2t
IRl 7 7 ARt AAEQE, shue Ueda B9t
dAsiFo] 2gsths 7Pgstel Ak Azlo|a thE s
£ Usskso] dgshs 5ol thet At Ayjolt}, 13
A 7132 ¥AE 22 Sanchez-Silva et al.(2011)°] C, &
AREA grE aEste] AXket Aajo|tt, 2 Ao dx
7} 712 A7 Ao} v & dA|ska vk =3 Fig. 4
ofli= SHAVTHI, L& WA 7IHA Ak AoE AAIEH]
otk o714 L,=60.02 F&l7F Aw|st &&-stA Elo] L
L;=2.5% 37} sk SestAElE onjeitt. &, =

1.0 - C =
L=25.0
° 4
=
8 0.8 —
S
) _ :
z Multiple loads
= 0.6 —|
)
[
o -
2
g,
2] 0.4 —
<]
o
2 _
3
§ 02—
3
1
E i . .
Single load
e N o MO S @ ¢
0.0 T T T I T I T T T I :
0 50 100 150 200 250 300
Time (years)
(a)
fan} fan] fan] fan]
1.0 -/ J - B .o"
A&
2 1 : : o
2 Multiple load:
2 g i Maltipleloads o o
< : - :
_ : " Single load:
°
z A
= 0.6 — - FERES S
= v s :
2 J4
g, -
3 0.4 — g
= | P
El
% 02 — 'IB' :
Cd
o 4 : :
< . L=250
0.0 T | T | T I : | :
0 10 20 30 40 50

Time (years)
(b)

Fig. 3. Comparison of the present results with Sanchez-Silva et
al.(2011)’s results on the limit state L,=25.0.
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Fig. 7. Comparison between damage levels calculated by Hudson’s
formula and Melby’s formula as a function of wave height.
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Table 4. Estimate of elapsed-years for the structural repairs
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(unit : years)

Significant wave height, H SR (m)

Target probability

. 4.0 45 5.0
for repair(%)
Hudson Melby Hudson Melby Hudson Melby

10 70 37 14 11 2 3

20 87 51 24 19 4 5

30 99 61 32 26 6 7

40 108 68 38 31 7 10

50 115 74 44 36 9 12

60 121 79 49 41 11 14
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