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Development of Stochastic Decision Model for Estimation
of Optimal In-depth Inspection Period of Harbor Structures
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Abstract : An expected-discounted cost model based on RRP(Renewal Reward Process), referred to as a stochastic
decision model, has been developed to estimate the optimal period of in-depth inspection which is one of critical issues in
the life-cycle maintenance management of harbor structures such as rubble-mound breakwaters. A mathematical model,
which is a function of the probability distribution of the service-life, has been formulated by simultaneously adopting
PIM(Periodic Inspection and Maintenance) and CBIM(Condition-Based Inspection and Maintenance) policies so as to
resolve limitations of other models, also all the costs in the model associated with monitoring and repair have been
discounted with time. From both an analytical solution derived in this paper under the condition in which a failure rate
function is a constant and the sensitivity analyses for the variety of different distribution functions and conditions, it has
been confirmed that the present solution is more versatile than the existing solution suggested in a very simplified setting.
Additionally, even in that case which the probability distribution of the service-life is estimated through the stochastic
process, the present model is of course also well suited to interpret the nonlinearity of deterioration process. In particular,
a MCS(Monte-Carlo Simulation)-based sample path method has been used to evaluate the parameters of a damage
intensity function in stochastic process. Finally, the present stochastic decision model can satisfactorily be applied to armor
units of rubble mound breakwaters. The optimal periods of in-depth inspection of rubble-mound breakwaters can be
determined by minimizing the expected total cost rate with respect to the behavioral feature of damage process, the level
of serviceability limit, and the consequence of that structure.

Keywords : harbor structures, optimal period of in-depth inspection, stochastic decision model, damage intensity
function, sample path method
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Fig. 1. Definition sketch of regular and in-depth inspection pro-
cesses.
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Fig. 9. Expected cost rates with respect to C, as a function of 7; for
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Fig. 10. Expected cost rates with respect to C, as a function of 7;
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Table 2. Optimal values with respect to several constraints for each
damage model

Cr/co =50 Cr/co =100 C”/c" =200
T* CR(T*) T* CR(T*) T* CR(TX)
Additive 26 4ol 196 559 143 7.50
model
Accelerated 241 5138 161 7.53 1.14  10.69
model
Saturated o 936 355 282 280 338
model

Accelerated model

T T
R,
i

A A e AT R A OO

Fig. 12. Perspectives of expected cost rates for accelerated and
saturated damage models.
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Fig. 13. Comparison of the sample paths of expected cumulative
damage level with the results calculated by Eq. (11) for
=15m.
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Fig. 14. Expected instantaneous damage level generated by MCS-
based sample path method.
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Fig. 15. Comparison of the sample paths of expected cumulative
damage level with the results calculated by Eq. (11) for (a)

D,=12mand (b) D, =2.0m.
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Table 3. Estimated results of parameters in Eq. (10)

a of Eq. (10) b of Eq. (10)

D,=12m 0.17 115
D,=15m 0.40 1.70
D,=20m 165 1.75
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Fig. 16. Expected cost rates with respect to C, as a function of 7; for
=1.5m, (a) C;/c, = 5.0 and (b) C;/c, = 10.0.
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Fig. 17. Expected cost rates with respect to C, as a function of 7;
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Table 4. Optimal values with respect to several constraints for (a)
=12mand (b) D,=1.5m.

@ D,=12m

C/c,=50 CJ/c,=100 C/c, =200

T* CR(T¥*) T* CR(T¥*) T* CR(TY)
C/c,=50 47 740 13 1121 09 16.19
C/c,=100 47 825 22 138 13 2144
() D, = 1.5m

C/e,=50 C/c,=100 C,/c, =200
T* CR(T#*) T CR(T*) T* CR(T¥)

107 1.23 8.8 1.36 7.5 1.49
127 147 102  1.68 8.6 1.90
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