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Abstract: Existing structural health monitoring systems for small- and medium-span bridge groups of-
ten suffer from issues such as insufficient health status data, data coupling effects, and low sensor den-

sity, making it challenging to accurately diagnose and assess the long-term operational safety of bridge
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groups. To address the challenge of structural damage localization in cluster-monitored bridge groups,
this paper proposed a method based on distributed strain data fusion. Firstly, considering the varia-
tions in vehicle weight and lateral position of vehicle travel, a theoretical equation was derived for the
maximum value of the strain time-history curve of a simply supported beam bridge under moving
loads. Secondly, by analyzing the compositional characteristics of the maximum values in the strain
time-history curves at different monitoring positions across various bridges, a structural damage local-
ization index was constructed based on the fusion of distributed strain monitoring data from multiple
bridges. Finally, a normalization method for distributed damage localization indices was proposed,
and the relationship between the normalized indices and structural damage of the main girder was ex-
plored, enabling damage localization across all bridges in the group. Unlike traditional methods, the
proposed approach leverages the consistent vehicle load conditions experienced by continuously ar-
ranged bridge structures and utilizes the coupling relationships within the strain monitoring data across
bridges to significantly improve the accuracy of structural damage localization. The results show that
this method can localize damage under a 3% stiffness reduction of structural components and 15%
measurement noise, and is particularly effective for rapid damage localization in long-distance, practi-
cal bridge group projects.

Keywords: bridge group structures; damage localization; distributed strain; data fusion; vehicle load
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Fig.1 Schematic of a simply supported beam bridge concen-

trated load
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Fig.2 Schematic of lateral distribution of vehicle load
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Table 1 Parameter information of finite element model

for bridge group structure
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