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Abstract : A stochastic Markov process (MP) model has been developed for evaluating the probability of failure of
the armor unit of rubble-mound breakwaters as a function of time. The mathematical MP model could have been
formulated by combining the counting process or renewal process (CP/RP) on the load occurrences with the damage
process (DP) on the cumulative damage events, and applied to the armor units of rubble-mound breakwaters.
Transition probabilities have been estimated by Monte-Carlo simulation (MCS) technique with the definition of
damage level of armor units, and very well satisfies some conditions constrained in the probabilistic and physical
views. The probabilities of failure have been also compared and investigated in process of time which have been
calculated according to the variations of return period and safety factor being the important variables related to
design of armor units of rubble-mound breakwater. In particular, it can be quantitatively found how the prior damage
levels can effect on the sequent probabilities of failure. Finally, two types of methodology have been in this study
proposed to evaluate straightforwardly the repair times which are indispensable to the maintenance of armor units
of rubble- mound breakwaters and shown several simulation results including the cost analyses.

Keywords : stochastic Markov process model, transition probability, damage level, armor units of rubble-mound
breakwaters, probability of failure
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Fig. 2. Definition of cumulative damage process.

probability)el] 2J3ll vk 2 (7)3 2ol et}
fo(2) = zf"”(z)P [N(1) = n] ©)

qkek A9 po] Yele sstkA|, X}t Avhd T
=2 A webs g gES Pt Folshd the 4
(8)°] A5 gt

B() = 3 PING =l [ e)de ®
2] (8)~ z/\l b E L T B Sk ek 4t

F/]"H FRIE] 7 s A oshd At e 9 EES 4
Al AR 4 Sl

ATk 8] T F-29] A= skt 87 = (load occurrence
intensity)2} 33|73 =3+~ (damage intensity function)THS Ak
S8z PP E= GP Y& ARSSISITE 12y PP B GP
2L AdA 9 dsid eol mE A slezdel oigt
7 s

Y AR Slth o9k 2 #AE %H@?%}ﬂ 913t
o & ATl A @) the A )% &2 MP 2F0
= WEskglnt.

pi(t) = ilP[N(t) =nlp(n), i=1,2,.,m )

o714 ploy= t ARYell FEEo] 42l i el & &
Folu}. wte 7= e 8183, AR 1ela v}
AR st Fig. 33 2ol ZH2hE i=1,2 183 3
oz Aejgtthd, 2 (99 py(r) = PAoy7} ©rk. B8 p (o)}
paAey= A2 1 ARl a8 A2k AR Al Sl
o] drt. ey A ®)lM= 1 PRk ARt & 5
7] el Z4zke] SHAIE ekl sidehs o] w7k
atct webA A (9)9 MP 23S 2 (8)9] PP HH X

P

1

Allowable state

2

erviceable statg

P

p22

Failure state

P
Fig. 3. Definition sketch of transition probability.



B B FABYE 91 5

shatA # .

st pny> D22 27 EfelA Alztel FFaEo] ¢ AIRE
B sk wle] ekl olete] i dElE Wik gES ©
v]eh the 4 (10025 A 4= Slti(Taylor and
Karlin, 1984).

s e i}
pi(n) p1(0)| |P11s P12> ** * Pim
Dp2(n) D2(0)| |Pats P> ** * Pom

. |- . . (10)
_pm(n)_ _pm(o)_ _pml’me’ e pmrri

o714 p(0y= 271} hgcﬂ i Ee] 91 BBl 1L p,
= Aol 1 dEel U T2Eo] Tkl AR j Abel
w3le oaslEe 3]13]6‘}1:]- 1 A%} T= 3K Transpose)

2 gttt 4 (10)lA A7 & 5 gle] ARk W 3
% A e FREY 7 AFE R ol et E 3
AL Fato] LT welfct

webd 4] (9)9] MP RFeIN L oAt EE Sk A
Sh= o] Fasit. ol sl gaAAEe] R PRl
9 AT AR AV EILE S SA R BT B, 9
A slof Sk, ol 3 FAE o] Rl T Eo] AHES

APgEl AT s gl E AEAE Ugehs 350
S7)0] o)she}, wepd BE Al tjslel 123 U
5 ol BE 319 A7)0l jsjo] Tage] wd w9 1
tig A%l 2kET} Qlelof Bk Z, WA Fafolel, %
WA 387k ol el gzt o | 2719 BhEEe] LH
#sto] ol slalpE o npaX el tat 87 d4o|
asjofof o] e AP 5 9tk HAMA] T B A%} 2
Gk TEEOIA ol9h L AR A the e @A
2 uj$- of2lg ok wehd R Aol MCS 7S
ol g3to] o) Y2ES APkt

oTE=

o oo

>

C 7o T 4>

3. A Zl=xiole] HE

AA A S 5A 2] e delE I8t $181e] Van der
Meer(1988y7F #Ixgt I3+, S5 ©]&sI3ith. PIANC
(1992)ef] ANA|E Azpol] whet 7H2+2] Aelol tist I+
o] WM$1E Table 1°f] ANAIBFATE PIANC(1992)0l 4= 318
IAS §=2, AFEEAIS §=6 18|31 FIIAE 5= 142
o)Lt 714 Fg-stAIE= AN 38k dElaas,
ARESHAIE AREA ol AlkS W] Ak SHALE ofm 1?&@.
a3 A= F5A ] gz Qe ARl AlA L] F
el A7 A7 el 2usitt. wheba] Ay
S5 AAZ w= sl 20l HEE AAISRY A
2 ARA el BE et 22 FE/A| R 518
UTh= 2ujot}, ek ARE3HA 7} 60 2= SJnl= 1 o)

FAISHE Markov EE5& 2] 7 55

Table 1. Definition of each state with respect to damage level, S
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Fig. 4. Comparison of Monte-Carlo simulation and Gumbel
distribution for annual maximum significant wave height.
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Table 2. Transition probability with respect to nominal diameters
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0.00
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Fig. 6. Comparison of Monte-Carlo simulation with gamma dis-
tribution for the accumulated damage level.
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Fig. 7. Cumulative distribution function of the accumulated damage
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Fig. 12. Results of three different maintenance methodologies based
on a target probability.
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Table 3. Ratio of total repairing cost to initial construction cost according to the maintenance methodologies of armor units of rubble-mound

breakwater with the lifetime of 50 years
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