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ABSTRACT 
    
The aging and extensive deterioration of highway bridges in North America and the limited funds allocated 
for their maintenance constitute great technological and economical challenges for bridge owners. Highway 
bridge structures deteriorate as a result of aging, aggressive environmental factors, increased traffic load, 
inadequate design, detailing, protection and maintenance. To overcome these challenges, the development of 
innovative and effective approaches and techniques for condition assessment, performance prediction, risk 
assessment, protection, repair and rehabilitation, and maintenance optimization are required to develop an 
effective bridge maintenance management system.   

The decision-maker seeks the determination of the optimal prioritization of bridge projects and 
corresponding optimal maintenance decisions for the entire bridge network at each stage of the planning 
horizon, given the budgetary and performance constraints and uncertainty in the governing parameters. The 
effectiveness of different maintenance strategies can be measured by a multi-criteria vector that may include 
the optimization of risk of failure, service life, traffic disruption, and maintenance costs. Therefore, bridge 
maintenance management can be formulated as a stochastic multi-criteria optimization problem.  This paper 
presents three interrelated decision support models that enable the development of an effective bridge 
management system, namely: (i) stochastic model for performance and service life prediction; (ii) risk 
assessment models for network and project level management; and (iii) multi-criteria decision model for 
maintenance optimization.  

The performance of bridge structures is modeled using appropriate stochastic processes that capture the 
time-dependence and uncertainty associated with the deterioration and rehabilitation of bridge components. 
The performance prediction model should be compatible with the existing condition assessment procedure, 
and will be developed based on historical field performance data and expert opinion. 

Risk assessment and management are critical for ensuring  public safety and establishing a rational prioritization of 
bridge projects for maintenance and rehabilitation. Failure includes structural collapse and loss of serviceability and 
functionality, which include excessive deformation, cracking, concrete delamination and spalling, steel corrosion, 
inadequate deck geometry, or approach roadway alignment, and limited clearance. The loss of serviceability and 
functionality, although not catastrophic or life-threatening, is the most frequent and involves significant cumulative 
costs in terms of maintenance and rehabilitation, traffic disruption, users costs, and environmental impacts. Two 
models for risk assessment are proposed, namely: (i) simplified engineering risk assessment model that is based on a 
discrete risk rating that is compatible with the existing condition rating system; and  (ii) advanced probabilistic risk 
assessment model for the safety critical components and critical bridges in the network based on  first order 
reliability method (FORM) and/or  Monte Carlo simulation.   

Given the planning horizon and budgetary constraints and using the data obtained from the performance prediction 
and risk assessment models, the network-level bridge maintenance optimization is formulated as a multi-criteria 
decision problem, in which the optimal project prioritization and maintenance decision are sought. The multi-criteria 
decision model is based on a combination of compromise programming and nonlinear programming to solve the 
vector optimization problem. The major merits of the proposed approach are: (i) consideration of all possible (even 
conflicting) criteria; (ii) stochastic modeling of the bridge performance; (iii) consideration of the risk of failure of all 
components of the bridge network; and (iv) rational decision-making regarding the selection of bridge projects for 
rehabilitation and replacement. The implementation of such a bridge management system will yield improved safety 
and serviceability, extended service life, optimized allocation of funds and reduced life-cycle costs. 
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