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Abstract

The herringbone triangular truss arch bridge exhibits unique spatial load-bearing characteristics.
During long-term service, it is susceptible to environmental corrosion, fatigue effects, and material
property degradation, which lead to sectional loss of members and reduction in structural stiffness,
thereby impairing the seismic performance of the bridge. To investigate the influence of section
degradation on the seismic response and safety margin of such bridges, this study takes a herring-
bone triangular truss arch bridge as the research object. A three-dimensional finite element model
is established using Abaqus, with major load-bearing components simulated by B31 spatial beam ele-
ments. An equivalent section-size reduction method is adopted to create an undegraded baseline
model (A00) and a section-degraded model (A10). Both static analysis and nonlinear dynamic time-his-
tory analysis are carried out. The results indicate that section degradation reduces the overall struc-
tural stiffness. Under self-weight, the maximum displacement of Model A10 increases from 24.54
mm to 29.02 mm, representing an 18.26% increase compared with Model A00. Under seven sets of
earthquake ground motions, the average maximum displacement of Model A10 reaches 46.78 mm,
which is 77.73% higher than that of Model A00, demonstrating a significant dynamic response am-
plification effect. At an input seismic acceleration of 0.10g, the maximum Mises stress in Model A10
is 80.01 MPa, which is below the yield strength (235 MPa) of Q235 steel, and no plastic strain accu-
mulation is observed, indicating that the structure remains in the elastic state. The findings suggest
that section degradation can substantially lower the seismic performance reserve, but the structure
still retains a certain safety margin under mild degradation conditions. This study may provide a
reference for the seismic performance evaluation of in-service herringbone triangular truss arch
bridges.
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Figure 1. Three-dimensional finite element model of the herringbone triangular truss arch bridge
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Figure 2. Schematic diagram of section degradation simulation for I-shaped steel section
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Figure 3. Displacement contour of the intact model (A0O) under static loading
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Figure 4. Displacement contour of the section-degraded model (A10) under static loading
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Table 1. Main dynamic parameters of the seven input ground motions
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Figure 5. Displacement contour of the intact model (A00) under seismic ground motion No. 5
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Figure 6. Displacement contour of the section-degraded model (A10) under seismic ground motion No. 5
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Figure 7. Comparison of maximum displacement responses between Model A00 and Model A10 under seven ground motions
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Figure 8. Mises stress contour of the section-degraded model (A10) at the moment of maximum response
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