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Abstract: The accumulation of fatigue damage and crack initiation and expansion caused by repeated vehicle loads and the combined
effects of surrounding environment during the long service life of bridge structures have become the main factors restricting the
service life of bridges. The article provides a systematic analysis of the mechanism of fatigue damage in bridges, mainly introducing
the ways in which stress concentration, welding residual stress, and the superposition of multiple fatigue cracks affect fatigue life; On
this basis, the methodological basis and specific application of fatigue performance analysis were summarized based on the nominal
stress method and local stress-strain method; Then, a technical system for fatigue damage assessment was established by combining
non-destructive testing and monitoring techniques, residual fatigue life estimation, and safety level assessment. Finally, based on the
guiding principles of safety, economy, and durability, the advantages, disadvantages, and applicable scenarios of traditional
reinforcement techniques and new material reinforcement techniques were analyzed and studied, and the key issues in the selection
and design of reinforcement measures were investigated.
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