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Abstract 

Bridges, due to their inherent vulnerability, are at risk from aging, fatigue and 

deterioration processes due to aggressive chemical attacks and other physical damage 

mechanisms. The detrimental effects of these phenomena can lead over time to 

unsatisfactory structural performance under service loadings or accidental actions and 

extreme events, such as natural hazards and man-made disasters. These problems 

present a major challenge to bridge engineering, since the classical time-invariant 

structural design criteria and methods need to be revised to account for a proper 

modeling of the structural system over its entire life-cycle by taking the effects of 

deterioration processes, time-variant loadings, maintenance actions and repair 

interventions into account. Despite these needs and recent research advances, life-cycle 

concepts are not yet explicitly addressed in structural design codes and the target 

structural performance is usually specified with reference to structural safety and 

serviceability. However, when aging and deterioration are considered, the evaluation 

of the system performance under uncertainty should account for additional probabilistic 

indicators aimed at providing a comprehensive description of the life-cycle structural 

resources, including structural reliability and structural robustness. Moreover, system 

resilience has recently gained a prominent importance in design and assessment of 

transportation infrastructure networks exposed to extreme events, such as earthquakes. 

In this seminar, time-variant probabilistic performance indicators are defined and 

quantitatively evaluated for reinforced concrete bridges exposed to corrosion based on 

a methodology for life-cycle assessment of concrete structures in aggressive 

environment. The proposed approach is also applied to transportation road networks 

with multiple bridges. The results show the importance of a comprehensive description 

of the time-variant structural resources in a multi-hazard life-cycle-oriented approach 

to protect, maintain, restore and improve the time-variant performance of aging bridges 

and infrastructure networks.  
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