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Damage Identification of Waveform Steel Web Composite Box Girder Based on Frequency
Variation Rate
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Abstract: Bridge structures are prone to local damage during long-term operation, and damage identification methods based
on changes in natural frequencies have received widespread attention. This paper derives a linear approximate relationship
between the rate of frequency change and local stiffness degradation based on perturbation theory, clarifying the theoretical
mechanism that the frequency change ratio can eliminate the influence of damage severity and mainly reflect the damage
location. A damage localization method is proposed using multi-order frequency change rates to construct feature vectors,
with Euclidean distance as the criterion. Numerical verification is conducted on a 5 m simply supported corrugated steel web
composite box girder. The results show that when the midspan damage reaches 20%, the fundamental frequency decreases
by 1.26%, and the comprehensive frequency change rate index increases from 0.014~0.023 at 10% damage to 0.031~0.050 at
20% damage. Using 10% damage at the 8th unit as an identification example, the Euclidean distance achieves its minimum at
the actual damage location, accurately locating the damage. This method has high computational efficiency and can provide a
reference for early damage identification of such bridges.

Keywords: Corrugated steel web composite box girder; Natural frequency; Damage identification; Frequency change rate;
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