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ABSTRACT

Bridges are critical infrastructure assets, and their safety, serviceability, and durability depend
on effective inspection, condition assessment, and maintenance planning. Artificial
intelligence (AI) can support damage detection, structural condition assessment, deterioration
prediction, and maintenance prioritization by analyzing images, sensor data, inspection
findings, and maintenance records. However, effective implementation requires integrated data
and a clear link between technical analysis and management decisions. This study aims to
analyze and compare the main applications of Al in bridge health monitoring and maintenance
management and to propose a conceptual framework tailored to the needs of Iran’s road
network. The research adopts an analytical and comparative review of scientific and technical
literature and examines major families of Al algorithms. The proposed framework comprises
six interconnected layers: data collection; data management and preprocessing; intelligent
analysis; condition and risk assessment; maintenance decision support; and implementation
feedback. The findings indicate that computer vision can support the detection of visible
defects, machine learning and deep learning can facilitate sensor-data analysis and the
identification of damage patterns, and optimization and multi-criteria decision-making
methods can help prioritize maintenance interventions. Key prerequisites for implementation
in Iran include standardizing inspection data, developing reliable datasets, integrating existing
information systems, evaluating models under local conditions, and retaining expert
involvement in safety-related decisions. The proposed framework provides a conceptual basis
for designing and evaluating integrated decision-support systems for bridge maintenance.

Keywords: Artificial Intelligence, Structural Health Monitoring, Bridge Maintenance
Management, Predictive Maintenance, Road Asset Management
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