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❖  Title of the research: 
 

Development of methods for modelling and optimization of maintenance of critical infrastructures    

 

❖ Context of the research 
 

The maintenance of critical infrastructures—such as road and rail networks, power grids, gas networks 

etc.— have long-term impacts on the environment and the competitiveness of industries, as well as on 

social and regional development, among others. These infrastructures also call for major investments, 

because in industrialized nations their book value can be several percentage points of the gross domestic 

product. The maintenance of existing infrastructures consumes significant resources and has broad long-

term impacts. In countries with fully developed transportation infrastructures, for instance, maintenance 

activities can consume as much as 60%–70% of the infrastructure budgets (see, e.g., Organisation for 

Economic Co-operation and Development 2008).  

In broad terms, maintenance planning decisions for infrastructures are taken (i) at the programming level, 

where the focus is on the life-cycle analysis of individual assets and, more specifically, the selection of 

those actions that will be funded through annual maintenance and repair programs with pre-established 

budgets, and (ii) at the network level, and the purpose is to guide the allocation of resources among 

different maintenance activities and infrastructure elements and parts. These network-level decisions are 

inherently more strategic because they set the budgets for the optimization of programming-level 

decisions. From the viewpoint of decision support, network-level decisions are also more challenging 

because they must address longer time horizons and a broader range of objectives. In effect, they are 

essential to the sustainable development of the whole network.  

In general, maintenance management can be organized as a hierarchy of activities that belong to two main 

categories: (i) periodic rehabilitation and (ii) routine operations. Periodic rehabilitation actions restore or 

improve the condition of deteriorating physical assets (e.g., pavements, bridges, gravel roads, and road 

equipment, in a transportation network), whereas routine operations seek to secure the day-to-day service  

from the network (e.g., wintertime plowing and deicing, minor repairs and maintenance of road sur- 

roundings, gravel roads surface treatments, in a transportation network). The activities within and 

between the two categories differ from each other in terms of their costs and the durability of their 

impacts, but they all contribute to the overall service level of the same critical infrastructure and compete 

for resources from the same budget. As a result, there is a need for systematic and transparent decision 

support tools that permit trade-offs among multiple objectives and integrate analyses across several assets 

and operations (National Cooperative Highway Research Pro- gram 2005, Krugler et al. 2007).  

The present thesis project aims at developing decision model for the allocation of resources to different 

maintenance activities. This model will consist of (i) a multicriteria model for determining the value of 

the different maintenance activities; (ii) a dynamic, life-cycle model for describing the evolution of the 

critical infrastructure in time (e.g., deterioration of asset quality over time, improvement of asset quality 

due to maintenance); and (iii) an optimization model for maximizing the long-term aggregate value of all 

maintenance activities, taking into consideration various constraints.  



 

❖ Objective of the research 
 

Modelling and optimization of maintenance activities in critical infrastructure systems. 
 

 

❖ Required skills 
• Interest in developing innovative research and original solutions. 

For further information, please contact: 

Prof. Enrico Zio, enrico.zio@polimi.it 

mailto:enrico.zio@polimi.it


REFERENCES 

 

 

 



 



 

 

 

 

 

 

 



 

                                        European Journal of Operational 

Research 

                                  Manuscript Draft 

 

Manuscript Number: EJOR-D-18-03081 

 

Title: A Bayesian Approach to Risk Evaluation and Maintenance Policy 

Optimization 

 

Article Type: Theory and Methodology Paper 

 

Section/Category: (B) Reliability 

 

Keywords: Reliability; Bayesian inference; order statistics; performance 

evaluation; preventive maintenance. 

 

Abstract: In this paper, we present a risk evaluation and maintenance 

strategy optimization approach for systems with parallel identical assets 

subject to continuous degradation. System performance is defined by the 

number of functional components, and penalty cost is measured by the loss 

of performance. To overcome the practical challenges of information 

sparsity, we employ a Bayesian framework to dynamically infer unknown 

parameters in a Wiener degradation model. Order statistics are utilized 

to describe the failure times of components and the stepwise incurred 

performance penalty cost. Furthermore, based on the Bayesian parameter 

inferences, we propose a short-term value-based replacement policy to 

minimize the expected cost rate in the current planning horizon. The 

proposed strategy simultaneously considers the variability of parameter 

estimates and the inherent uncertainty of the stochastic degradation 

processes. A simulation study and a realistic example presented to 

illustrate the proposed framework. 

 

 

 

 

 


