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Abstract

Under the influence of repeated vehicle loads, chloride erosion, temperature and humidity changes and other environmental factors,
the structural performance of concrete Bridges gradually declines, and they are prone to diseases such as fatigue crack expansion,
steel bar corrosion and reduced bearing capacity, which affect operational safety. Fatigue damage is characterized by its concealment
and accumulation. Its formation process is controlled by the microscopic defects of the material, the force characteristics and the
coupling effect of the environment, making it difficult to accurately identify through conventional detection methods. The existing
fatigue life prediction methods include the S-N curve method, fracture mechanics model and multi-factor damage evolution model.
However, there are still deficiencies in parameter acquisition and adaptation to complex service environments. In the future, health
monitoring data, machine learning recognition methods and digital twin platforms should be integrated to build a dynamically
updatable life prediction system, achieving intelligent assessment and full life cycle management of bridge structures.
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