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Analysis of Distress Mechanism and Structural Performance Evaluation
of a In-service Bridge Based on Local Loading Test

YAN Song, TIAN Tian, ZHANG Guogang
(Hunan Provincial Communications Planning, Survey & Design Institute Co. ,Ltd. , Changsha, Hunan 410200, China)

Abstract: A long-span continuous rigid-frame bridge with reinforced concrete deck pavement has exhibited frequent
distresses including pavement deterioration and box girder top slab cracking in recent years, showing a progressive de-
terioration trend that significantly affects normal bridge operation. To investigate the causation mechanisms, local load-
ing tests on the top slab of box-girder were conducted. A solid finite element model of the box-girder segment was es-
tablished to simulate test conditions. Experimental results revealed that under wheel loading, the measured deflections
and strains exceeded calculated values, with verification coefficients ranging from 1. 04 to 1. 26, indicating poor collab-
orative mechanical performance between deck pavement and the top slab. To further assess the global structural behav-
ior and operational status, full-scale static load tests and dynamic characteristic evaluations were implemented. Find-
ings demonstrated that static load-induced deflections, strains, and relative residual values all complied with code re-
quirements. The first three vertical natural vibration frequencies exceeded theoretical predictions, confirming satisfacto-
ry global stiffness and mechanical performance of the bridge structure. Based on experimental results and distress
mechanism analysis, rational maintenance recommendations were proposed. This study demonstrates the effectiveness
of local loading tests in evaluating the conditions of op slab of box girder and deck pavement , providing valuable refer-
ences for similar maintenance projects.

Keywords: concrete box girder; distress analysis; local loading test; performance evaluation
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