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Correlation Effect of Maintenances on Probabilistic Service Life Management

Sunyong Kim'™*

Abstract: The assessment and prediction of service life of a structure are usually under uncertainty so that rational probabilistic concepts and methods

have to be applied. Based on these rational assessment and prediction, optimum maintenance strategies to minimize the life-cycle cost and/or maximize
the structural safety can be established. The service life assessment and prediction considering maintenance actions generally includes effects of

maintenance types and times of the structural components on the service life extensions of structural system. Existing researches on the service life
management have revealed the appropriate system modeling considering the correlation among the components is required for system reliability analysis

and probabilistic service life estimation. However, the study on correlation among the maintenance actions is still required. This paper deals with such
a study for more effective and efficient service life management. In this paper, both the preventive and essential maintenances are considered for the

extended service life estimation and management.
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Fig. 2 PDFs of initial and extended service lives through preventive
maintenances
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Fig. 3 PDFs of initial and extended service lives through essential
maintenances
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Table 1 Probabilistic parameters and maintenance application time
for service life prediction

Initial service Maintenance time

life(years) (years)
bon-
Component 1 ‘LN(30; 6) P?\éll\/[zoj;(f 06’03 5904 "
[
Component 2 LN(20; 4) Pcl\éll\/[loz’(f 04;02 56’03 ’
bons.
Component 3 "LN(10; 2) Ic)1];/11\/[5’1(1)0’2(1)5,3(2)0

*Lognormally distribution; "Preventive maintenance; “Essential main-
tenance

(b)

1.0
2 0.8r
w Independent components
L
3
w 0.6
Q
>
i
<u/_> 0.4 Perfectly correlated components
@)
5
O 02

Series System
Essential maintenances

0 Il Il I
0 20 40 60 80 100

TIME (YEARS)

Fig. 4 Component correlation - CDFs of extended service lives for series system of Fig. 1: (a) preventive maintenance; (b) essential maintenance
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Fig. S Component correlation - CDFs of extended service lives for parallel system of Fig. 1: (a) preventive maintenance; (b) essential maintenance
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Table 2 Formulation of optimization problem

Objective Minimize pgpara at 60 years

Design variables Lint, 15 it 25 Lint, 3

Constraints 2 years < t;,; < 40 years
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b 2
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Table 3 Optimum essential maintenance time interval and the associated probability of failure for the parallel system

Component Maintenance Time interval between maintenances Z;.(years) Probability of failure
correlation correlation Component 1 Component 2 Component 3 pr
Independent 20.09 15.02 5.70 0.023
Independent
Perfectly correlated 20.03 15.03 5.34 0.002
Independent 20.06 11.86 4.04 0.075
Perfectly correlated
Perfectly correlated 20.03 12.27 4.67 0.026
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