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The degradation or failure of individual components can compromise the overall performance of entire infrastructure
systems. Therefore, assessing the vulnerability of individual components to inform maintenance measures is a central task
for ensuring the persistent functioning of critical infrastructures. Approaches to quantifying component vulnerability
typically focus on single-hazard scenarios, neglecting, for example, the effect of consecutive hazards on the system, which
could increase the vulnerability of the system over time. This can lead to inaccurate risk or resilience assessments and
consequently to inadequate decision-making.

In this work, we apply a framework for modelling the evolution of component vulnerabilities in response to compound
hazards using state-dependent fragility curves. The approach employs a Markovian state transition model in which a
hazard event can alter the state of system components. The corresponding transition probabilities are governed by
hazard-specific, state-dependent fragility functions. Using this approach, we illustrate how the interaction between
hazards can affect the degradation of components. We show that the compounding effect of two hazardous events
depends on both the time lag between the two and the recovery capacity of the affected components. Therefore, when
the intervals between hazardous events shorten due to the hazards being correlated, greater recovery efforts are
necessary to keep components in an acceptable state.

We illustrate this relationship analyzing hazard time series with different correlation strength, and by defining a minimal
recovery rate required to maintain system performance below a prescribed failure threshold. Finally, we incorporate a cost
analysis by linking recovery and replacement processes to cost functions, allowing the computation of these costs over
time. This allows the identification of optimal strategies, when hazards are correlated vs independent.

Our findings - illustrated through an example case study - show the need for taking into account the possibility of
compound hazards when planning for cost-effective maintenance/recovery strategies.

Palavras-chave : Critical Infrastructures, Compund Hazards, Natural Hazards, Fragility Functions, Recovery Functions



