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Earthquake Response Analysis of Silo-shaped Underground Parking Garage
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(1. School of Civil Engineering, Shijiazhuang Railway University, Shijiazhuang, Hebei 050043, China;
2. Quzhou City Transportation Design Co., Lid., Quzhou, Zhejiang 324000, China)

Abstract: To study the variation law of the response of silo-shaped parking garages under the seismic
action, vibration table tests and numerical simulation methods were employed. The effect of seismic
waves with different incident directions, peak accelerations, and loading frequencies on the seismic
response of the structure was analyzed by monitoring the stress distribution, displacement, deformation
response, and acceleration of the structure. The results show that the stress concentration areas remain
unchanged under different incident directions. When the horizontal seismic wave acts, the response of
the structure in the horizontal direction ( the direction parallel to the ground) is greater than that in the
vertical direction (gravity direction) , while when the vertical seismic wave acts, the opposite is true,
and the vertical response of the floor slab is obvious. The horizontal-vertical coupled seismic wave
intensifies the vibration of the soil and increases the structural stress. The change of peak acceleration
does not cause a change in stress distribution, but will make the stress concentration phenomenon more
significant. When the frequency is too high or too low, the change of radial stress is not significant.
Overall, the stress mainly concentrates at the joints between the cylinder wall and the bottom plate, as
well as those between the columns and the floor slabs, which are the key areas for aseismic design.
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Fig. 1 Cross-section diagrams of the silo-shaped multi-level underground parking garage ( unit; mm)
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layout and installation
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Fig. 6 Radial stress peaks of measurement points at different frequencies
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Fig. 7 Radial stress peaks at measurement points along different depths of the structure
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Fig. 12 Mises stress contours under the action of seismic waves in different directions
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Fig. 13 Stress time history curves under the action of seismic waves in different directions
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Fig. 16 Horizontal acceleration time history curves
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Fig. 17 Vertical acceleration time history curves
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Fig. 18 Peak stress contours under the action of seismic waves with different peak accelerations
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Fig. 19 Stress time history curves of measurement points under the action of seismic waves with different peak accelerations
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Fig. 20 Horizontal displacement time history curves under the action of seismic waves with different peak accelerations
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Fig. 22 Horizontal acceleration time history curves for seismic waves with different peak accelerations
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