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Abstract: To reduce the unseating risk of simply-supported beam bridges under strong
earthquakes and to control the sliding displacement of bearings, a bearing with multi-stage sliding

and displacement-restrained functions was proposed. The bearing employed a thin polyester plate
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to regulate the activation sequence of the sliding surface and utilized a circular limiting steel hoop

to restrain the maximum sliding displacement, thus coordinately controlling the sliding and

limiting of the bearing. Based on theoretical analysis, a simplified mechanical model and

corresponding force-displacement relationship of the bearing were established. Furthermore, a

combined reinforcement system, consisting of displacement-restrained reinforced bearing, viscous

dampers, and buckling-restrained braces (BRBs), was developed to overcome the limitations of a

single displacement-restrained reinforced bearing. A dynamic analysis model of a four-span

simply-supported beam bridge was established using OpenSees. Forty sets of synthesized cross-

fault ground motions based on velocity pulse-like characteristics were used as input. The

displacement responses and damage states of critical components, such as bearings and piers,

were systematically investigated. The effects of displacement-restrained reinforced bearing and

combined reinforcement system on seismic performance of simply-supported beam bridges were

analyzed. The research results indicate that the peak bearing displacement of simply-supported

beam bridges equipped with displacement-restrained reinforced bearings reduces by nearly 30%.

The limiting effect is comparable to that of lead rubber bearing (LRB). The displacement-

restrained reinforced bearing generally outperforms LRB in amplifying the longitudinal peak

displacement of the main girder, while exhibiting comparable performance in reducing the girder

rotation. Compared with the bridge equipped only with displacement-restrained reinforced

bearings, the combined reinforcement system reduces the longitudinal peak displacement of the

main girder by approximately 50%. It decreases the lateral displacement of piers and mitigates

pier damage, thereby enhancing the overall performance of the bridge. In conclusion, the

proposed displacement-restrained reinforced bearing and combined reinforcement system can

provide references for enhancing the unseating prevention capability and seismic design of simply-

supported beam bridges in high-intensity seismic zones under cross-fault ground motions. 4 tabs,

17 figs, 35 refs.

Key words: bridge engineering; unseating prevention; finite element; displacement-restrained

reinforced bearing; combined reinforcement system; ground motion synthesis; strike-slip fault
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Table 2 Basic parameters of displacement-restrained reinforced bearing
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different bearing types
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Fig. 15 Displacement responses of main girder under

combined reinforcement system
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Displacement responses of piers under combined

reinforcement system
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