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Development of Stochastic Expected Cost Model for Preventive Optimal-
Maintenance of Armor Units of Rubble-Mound Breakwaters
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Abstract : A stochastic expected cost model has been suggested by combining the nonlinear cumulative damage
model with the expected cost model together which can be useful for doing the preventive optimal-maintenance of
the armor units of rubble-mound breakwaters. The suggested model has been satisfactorily calibrated by comparison
of the results from others models, also the sensitivity analysis has been carried out in detail under the variation of
the associated parameters with the model. The optimal repair times can be directly evaluated by minimizing the
expected cost rates that depend on the social importances, damage intensity functions and resistance limits. Finally,
the present cost model has been straightforwardly applied to the armor units of rubble-mound breakwaters. Based
on the assumption of turning the damaged structure back to the state as good as new after repairs, the required
optimal repair times and magnitudes can be determined quantitatively in terms of the optimum balance between the
costs and benefits on the preventive maintenance.

Keywords : stochastic expected cost model, cumulative damage, armor units of rubble-mound breakwaters,
preventive optimal-maintenance.
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Fig. 1. Definition of cumulative damage processes.
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Table 1. Minimum expected cost rate, optimum maintenance period
and statistical properties of cumulative damage with

respect to C,/C,
T,* (year) E[AT,M)] Var[Z(T,*)]

GLc AL

5.0 0.520 29 2.90 1.70
10.0 0.668 22 2.20 1.48
20.0 0.840 1.7 1.70 1.30




280 SEeES

Cyh 2 T8 B9

[¢]
- RS A A g|of 3t

M
o

A oF2 FZE HUh Al B

S oJujgit}, wst 7o whet
SAEE 7 oH S g AARS vEEH] &
1L Fig. 39] 2] 9aul slo] ABeAS 2alel= A
Zboll B WS AAsitka 7Pt C,/C 0l g ele]
T*=5.0d°] €tk o] 5 FUg 7]F=elA 2pA8] 2418
Skl Aol A E(risk)E APFeIsict A== o
& A (15)9} o] P FE G} T2 g A

o

off
s
Y

2

o

=

o N
ofo

2&

2 &x0] o Aojwr
RU(T,*) = PAT,*)C(T,*) (15)
Table 204 & &= Ql5%o] A RS o] g3t Avp= +
Z2E0 Foke] mt T} Fhash AT e 9
3 A= 93)8 Y ws) Zleit). ek A T s o
o5t Ak AT 200A BA EES o83 AR

o Q=T HAa SHHOM 5681 7kA] Az,

$HA Fig. 40l 543 C/Coll thate] A Lig WshA
718 A A3E AT 2"l GA & 7 kel
Lot ARl wet HA B 17 A7) oA @Ak
F 7)n]8-8 FopHIt}, a8 A Le=10, 13 Z12] a1 162 of
HA By R A= 42 59, 8.0 12 10.1d 0Tk gt

@  Ito and Nakagawa(2011)'s result

t (year)

Fig. 3. Comparison of expected cumulative damages.
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Table 4. Optimum repair time and risks with respect to C/C, for
S,,= 6.0 of Series C'

&G An*  LFGea) KLY  R(TY)
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10.0 1.999 1.6 0.212 0.424
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Fig. 8. Expected cumulative damage for Series C'.
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Table 6. Optimum repair time and risks with respect to C,/C, for
S,,= 6.0 of Series E'
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Fig. 10. Expected cumulative damage for Series E'.
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Table 7. Repair level with respect to C,/C, for S, = 6.0 of Series E'
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