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The safety and reliability of civil infrastructure depend increasingly on data-driven assessment methods capable of

capturing both structural performance and evolving deterioration. While recent studies have applied machine learning to

predict bridge condition and performance ratings, considerably less attention has been given to the interpretability of

these predictions, particularly in ways that can guide practical engineering interventions. This study proposes a novel and

practical framework that applies Explainable Artificial Intelligence (XAI) and Counterfactual Explanations in Machine

Learning to make resilience assessment of Civil Infrastructures understandable, actionable and useful for engineers and

decision-makers.

The approach utilised numerical and inspection-based attributes from a large scale national bridge database to predict

overall structural condition classes (e.g., Good, Fair, Poor). Unlike standard explainable-AI techniques, counterfactual

explanations will be used to identify the most realistic changes in critical variables, such as structural evaluation rating,

scour vulnerability, span configuration, or load-carrying capacity, that would shift a structure from a lower resilience

category to a higher one. These counterfactuals are intended not merely as numerical suggestions but as interpretable

engineering actions (e.g., strengthening girders, improving foundation scour protection, rehabilitating decks, or reducing

operational demands) that could feasibly be implemented in practice.

The methodology involved designing physically constrained counterfactual generation rules to ensure that

recommendations remain practical, non-trivial, and structurally meaningful. This includes preventing changes to

immutable attributes (e.g., age, geographical coordinates) while bounding feasible design or rehabilitation adjustments.

The main aim is to turn resilience assessment from a descriptive task (“how risky is this bridge?”) into a prescriptive one

(“what can be done to make it safer?”). The approach can help infrastructure managers prioritize maintenance and make

informed decisions. It can also be adapted to other infrastructure types such as tunnels, dams, or roads.
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