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Study on the mechanical characteristics of vertical seismic
isolation system employing hydraulic apparatus

WANG Lei', LU Liang"?, XIA Wangqiu'

(1. College of Civil Engineering, Tongji University, Shanghai 200092, China;
2. State Key Laboratory of Disaster Reduction in Civil Engineering( Tongji University) , Shanghai 200092, China)

Abstract: To address the limitation that existing seismic isolation devices mainly focus on horizontal directions
while providing insufficient vertical control, a novel hydraulic accumulator-based vertical seismic isolation system
was proposed to mitigate the vertical seismic response of the structures. The system's stiffness characteristics were
analyzed, followed by experimental validation to assess its mechanical performance and energy dissipation capability.
A dynamic model of the isolation system was then established, and the harmonic balance method was employed to
determine the system’s amplitude-frequency response and displacement transmissibility. The effects of vibration
amplitude,, damping ratio, and accumulator volumetric compression coefficient on the displacement transmissibility
were analyzed. Finally, finite element models for both the vertical seismic isolation structure and a conventional frame
were established and subjected to seismic time history analysis, and the seismic response results of the two frameworks
were compared. The analysis results show that the vertical acceleration response of VSI-HCA structures is reduced by
an average of 59% compared to the ground input, indicating a significant vertical isolation effect.
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Fig.2  Schematic diagram of the three-dimensional isolation
system with VSI-HCA!'*]
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Fig.3  Vertical stiffness variation diagram of the isolation system
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Fig.5 Load-displacement curves under static loading
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Fig. 6 Load-displacement curve under cyclic loading
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Fig. 7 Dynamic model of single-degree-of-freedom system
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Tab.2 Mechanical parameters of the VSI-HCA devices
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0.4 0.081 0.30  0.535 2.02
0.2 0.099 0.75 0.356  2.68
0.4 0.206  0.77 0.736  2.77
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Fig. 15 Roof acceleration responses of VSI-HCA structures under moderate earthquake
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Fig. 16  Roof acceleration responses of VSI-HCA structures under rare earthquake
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