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Discounted Cost Model of Condition-Based Maintenance Regarding

Cumulative Damage of Armor Units of Rubble-Mound
Breakwaters as a Discrete-Time Stochastic Process
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Abstract : A discounted cost model for preventive maintenance of armor units of rubble-mound breakwaters is
mathematically derived by combining the deterioration model based on a discrete-time stochastic process of shock
occurrence with the cost model of renewal process together. The discounted cost model of condition-based
maintenance proposed in this paper can take into account the nonlinearity of cumulative damage process as well as
the discounting effect of cost. By comparing the present results with the previous other results, the verification is
carried out satisfactorily. In addition, it is known from the sensitivity analysis on variables related to the model that
the more often preventive maintenance should be implemented, the more crucial the level of importance of system
is. However, the tendency is shown in reverse as the interest rate is increased. Meanwhile, the present model has
been applied to the armor units of rubble-mound breakwaters. The parameters of damage intensity function have
been estimated through the time-dependent prediction of the expected cumulative damage level obtained from the
sample path method. In particular, it is confirmed that the shock occurrences can be considered to be a discrete-time
stochastic process by investigating the effects of uncertainty of the shock occurrences on the expected cumulative
damage level with homogeneous Poisson process and doubly stochastic Poisson process that are the continuous-
time stochastic processes. It can be also seen that the stochastic process of cumulative damage would depend
directly on the design conditions, thus the preventive maintenance would be varied due to those. Finally, the optimal
periods and scale for the preventive maintenance of armor units of rubble-mound breakwaters can be quantitatively
determined with the failure limits, the levels of importance of structure, and the interest rates.

Keywords : condition-based maintenance, preventive repair, discounted cost model, sample path method, discrete-
time stochastic process
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Fig. 4. Expected cumulative damage as a function of the number of
shock for various a.
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Fig. 5. Comparison of total cost rates of the present model with
those of Chien et al. (2012)’s model for various a.

Table 1. Comparison of optimal N* and CR(5, &, N*, 0) of the pres-
ent model with those of Chien et al. (2012)’s model for
various a

Present model Chien et al. (2012)’s model

a
Nt CR(S, & N*, 0) N* CR(o, & N*, 0)
1 17 2.712 17 2.711
12 5 4.340 5 4.340
173 3 6.712 3 6.712
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Fig. 6. Comparison of total cost rates of the present model with
those of Weide et al. (2010)’s model.

Table 2. Comparison of optimal N* and CR(J, &, N*, r) of the pres-
ent model with those of Weide et al. (2010)’s model for

r=0.05
Present model Weide et al. (2010)’s model
“ N*  CR(S, & N*, 1) N* CR(9, ¢, N*, 1)
12 12 2.050 12 2.040
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Fig. 7. Total cost rates with respect to the number of shock for var-
ious Cg,,.

Table 3. Variation of optimal N* and CR(J, ¢, N*, r) with respect to

CCM

Ceu N* CR(6, & N*, 1)
100 11 4.479

200 8 4.983

300 7 5.263

500 6 5.620
1000 5 6.132

. =0.0

e

Total cost rate

0.0 T I T I T l T | T T T
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Fig. 8. Total cost rates with respect to the number of shock for var-
ious r.

Table 4. Variation of optimal N* and CR(J, &, N*, r) with respect to
r

r N* CR(9, & N*, 1)
0.00 5 7.007
0.05 6 5.620
0.10 7 4.482

S AABIATE 3 o) ¢, = 50000 thaled o)Ak 0.0,
0.05 1231 0.17F4] WA 7|HA AiEeE A3E Fig. 8ol Al
Alatelet. Ate) oJahd o]jxkgo] H&4% PM AlHo] =
HAA W vlE% sk AES Ho|al QIT). Table 40l
o] PM A& AABIYEE o1 T2 W, Cpot 1o
st mE s AA Al v]Fe] B 1 AFEA]
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Fig. 9. Flow diagram of sample path method for estimating the expected cumulative damage level of armor units of rubble-mound break-
waters.
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Fig. 11. Total cost rates as a function of elapsed time for armor
units of rubble-mound breakwaters.
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Table 5. Optimal values N* and CR(6, 6, N*, r) of armor units of
rubble-mound breakwaters for various 7 and C,,

r Cey N* CR(6, 6, N*, r)
100 12 5.772
200 11 5.990
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1000 9 4751
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Fig. 14. Variation of total cost rates with respect to C,, for armor
units of rubble-mound breakwaters with {=6.0 and
r=0.05.
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