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Abstract The service life of civil infrastructure needs to be maintained or extended through appropriate inspections
and maintenance planning, which results from the optimization process. A multi-objective optimization process can
lead to more rational and flexible trade-off solutions rather than a single-objective optimization for the service life
management of civil infrastructure. Recent investigations on the service life management of civil infrastructure were
generally based on minimizing the life-cycle cost analysis and maximizing the structural performance. Various
objectives for service life management have been developed using novel probabilistic concepts and methods over the
last few decades. On the other hand, an increase in the number of objectives in a multi-objective optimization problem
can lead to difficulties in computational efficiency, visualization, and decision making. These difficulties can be
overcome using the objective reduction approach to identify the redundant and essential objectives. As a result, the
efficiency in computational efforts, visualization, and decision making can be improved. In this paper, the
multi-objective optimization using the objective reduction approach was applied to the service life management of
concrete bridges. The results showed that four initial objectives can be reduced by two objectives for the optimal
service life management.
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© Original objective set Qg := {fy, f,,..
¢ Reduced objective set Q, := {f;, f}

)

Pareto solutions

Objective function f;

Objective function f;

Fig. 1. Comparison between Pareto solutions associated with
Qo and & for Apem = 0
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SPAN 2

DETAIL (CROSS SECTION)

TRANSVERSE REINFORCEMENT

Fig. 2. I-39 Northbound Wisconsin River Bridge
(adapted from [13])
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Table 1. Normalized degree of conflict Anorm

between reduced objective set and
original objective set
Niss = 1 Niss = 2
Reduced Reduced
objective set Boom objective set Bnom
1, B} 021 i, B} 1.0
{fi, 5} 1.0 {f, £} 0.78
(1, fi} 1.0 (i, fi} 0.78
{6, 3} 051 ®, ) 0.51
6, fi} 0.0 {6, fi} 0.57
{6, £} 1.0 (s, fa} 1.0
(i, B, fi} 0.21 i, B, £} 0.50
(£, B, i} 0.0 {fi, B, fi} 0.53
1, B, fi) 1.0 {fi, £, fi} 0.78
{6, f3, fa} 0.0 {6, f3, fa} 0.19

Note: f; = minimizing Ci; £r= maximizing E(tif);
f; = minimizing Prq; f3 = minimizing E(taelay)
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number of inspections Niys = 1: (a) Aporm = 0.0;
(b) Anorm = 051; (C) Anorm =10
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