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Abstract

This study presents a comprehensive Structural Health Monitoring (SHM) system tailored for
railway bridges. Strategically placed sensors capture diverse, real-time data across various
operational conditions, applying both supervised and unsupervised methods to enhance detection
and classification. Measurements are taken during both ambient (no train load) and train passage
conditions, providing data to build baselines and develop damage indexes (DIs) in an unsupervised
manner. Under ambient conditions, acceleration responses are processed via Operational Modal
Analysis (OMA) to extract modal parameters, with environmental variability compensated ex-post
through regression models. During train passage, strain and displacement responses are directly
adjusted for environmental factors. For both conditions, DIs are constructed using Mahalanobis
distance relative to the baselines. The efficacy of these DIs in anomaly detection is validated
through a supervised approach using pseudo-data from updated finite element models. This
integrated approach offers a holistic understanding of bridge behavior, supporting accurate health
assessments and predictive maintenance to ensure structural integrity and safety.
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