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Abstract: The fixed connection between the piers and the superstructure of rigid-frame bridges with high piers
exhibits limitations in seismic design. Cracking of the cross-section and presiressing tendon stress loss can be found
in the main girder subjected to seismic loads. The inertialr system (i.e. tuned mass-damper-inerter, TMDI )
contains an inertial container and a traditional tuned mass damper (TMD). It is a new method for structural seismic
control in recent years. This study focuses a high-pier, long-span continuous rigid-frame bridge, considering the
construction process and combining Midas Civil and the OpenSees to establish a nonlinear seismic response
numerical model. Using 10 near-fault pulse-like ground motion records as input, this study investigates the seismic
control behavior of a distributed configuration of multiple TMDIs. The results show that when the ground motion
excites the bridge along the longitudinal direction, TMDIs can effectively prevent the cracking of the top and bottom
slabs of the main girder, although the internal forces of the web of the main girder increase slightly. When the
ground motion excites the bridge along the transverse direction, TMDIs significantly reduce the internal forces on

the web of the main span. When ground motions are input in both horizontal directions, TMDIs can effectively
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mitigate the stress on the top slab, bottom slab, and web of the main span. Regarding the pier response, the average
seismic reduction proportions of the maximum displacement at the pier top are 52% in the longitudinal direction and
21% in the transverse direction, respectively. The seismic reduction proportions of the maximum bending moment in
the longitudinal direction is 31%. Although TMDIs increase the bottom bending moment of the pier by approximately
10% in the transverse direction, they effectively control the residual displacement of the bridge pier.

Key words: rigid frame bridges with high piers; seismic response mitigation; tuned mass-damper-inerter;

OpenSees; time history analysis
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Fig.1 Long-span continuous rigid frame bridge with high piers
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Fig.2 Bridge nonlinear seismic response analysis model by OpenSees
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Table 1 Near-fault ground motion records
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Fig.4  Stress response of the main girder under longitudinal bridge direction input
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Table 2 Bending moment response at the top of the bridge
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Table 3 Bending moment response at the bottom of the bridge

pier under longitudinal bridge direction input pier under longitudinal bridge direction input
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Fig.5 Bending moment response of bridge piers under longitudinal bridge direction input
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Table 4 Maximum displacement at the top of the main pier under longitudinal bridge direction input
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Fig.7 Stress response of the main girder under transverse bridge input
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Table 5 Bending moment response at the bottom of the bridge pier under transverse bridge input
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Fig. 8 Bending moment response of the bridge piers under transverse bridge input
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Table 6 Maximum displacement at the top of the main pier under transverse bridge input
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Fig. 9 Time history of pier displacement under transverse bridge input
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