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Abstract: To address the insufficient understanding of the seismic performance of existing intercity
railway viaducts (IRV) under different levels of earthquakes, this study conducted an evaluation of
their ductility seismic capacity. Taking a standard three-span, 32.7m IRV as the research object, a fi-
nite element model of the IRV with three-dimensional fiber beam-column elements was established
based on OpenSees and subsequently validated. Furthermore, seismic response analysis of the IRV
was conducted under frequent, design, and rare earthquakes to investigate the seismic response pat-
terns and damage characteristics of bearings and piers of the IRV under different levels of earth-
quakes. Additionally, ductility seismic capacity verification was performed for the piers. The results

showed that errors in the first six-order natural vibration modes of the model, compared with the verifi-
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cation data, were all within 5% , demonstrating the accuracy of the established IRV model with three-

dimensional fiber beam-column elements based on OpenSees. Under frequent earthquakes, none of

the bearings yielded. Under design and rare earthquakes, the bearings yielded but remained within the

allowable range. Under rare earthquakes, all piers yielded in the transverse direction of the bridge,

with a maximum nonlinear displacement ratio of 1.52, but did not reach the ultimate displacement,

meeting the requirements of ductility seismic capacity verification specified in the railway code. It is

recommended to incorporate displacement limiting devices such as anti-fall beams and pins into the

bearings in the ductility design under rare earthquakes.

Keywords: intercity railway viaducts; ductility seismic capacity; fiber model; elastic-plastic analysis;

spherical steel bearings
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Table 1 Parameters of spherical steel bearings
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Fig.2 Three-dimensional elastic-plastic analysis model of bridge based on OpenSees
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Table 2 Material properties of core layer concrete
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Bt % MPa MPa e JiE/MPa  MPa
C40 0.00179 13.5 27 0.005 2.7 2.7
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Table 3 Material properties of steel bar
MRS AR EE/MPa  SMERBI R/ MPa  SRAL R AL
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Table 4 Material properties of protective layer concrete
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Table 5 Natural vibration characteristics
FrEc  MidasJE /s OpenSees JE /s RER/Y
1 1.074 7 1.097 5 2.12
2 1.072 0 1.082 6 0.99
3 1.069 5 1.0747 0.49
4 1.0518 1.019 2 3.10
5 0.782 8 0.753 2 3.78
6 0.537 1 0.523 0 2.63
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Fig.3 First six-order vibration modes
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Table 6 Maximum relative displacements of bearings in
longitudinal and transverse directions of bridge

under different levels of earthquakes
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Table 7 Maximum shear forces at pier bottom in longitudi-

nal and transverse directions of bridge under dif-
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Table 8 Maximum bending moments at pier bottom in

longitudinal and transverse directions

of bridge

under different levels of earthquakes E{iI :kN-m
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Fig.6 Time histories of bending moments and shear forces at 2% and 3# pier bottoms under different levels of earthquakes
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Table 9 Yield displacement of pier cross-section
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Table 10 Calculation of pier displacement ductility
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