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Abstract: Three-dimensional (3D) isolation is one of the current research hotspots for the control of strong seismic be-
havior of structures. However, the contradiction between high static stiffness for load carrying and low dynamic stiffness
for vertical isolation is a long-term unsolved issue in the development of 3D seismic isolation. Accordingly, a disc
spring negative stiffness device ( DSNSD) is proposed, which is combined with the previously developed prepressed
spring device (PSD) to form a vertical isolation bearing with high-static-low-dynamic stiffness. The configuration and
working principle of the DSNSD are described in detail, and the corresponding mechanical model is established. Py-
thon-based numerical simulations are conducted to investigate the mechanical properties of the DSNSD. A PSD-DSNSD
vertical isolation bearing is modeled using ABAQUS to validate the feasibility of using DSNSD to improve vertical isola-
tion effects. The results show that the DSNSD provide the anticipated negative stiffness in vertical isolation after activa-
tion, which is used to effectively reduce the vertical stiffness of the entire isolation device.

Keywords: vertical isolation; disc spring negative stiffness device; prepressed spring device; mechanical be-

havior ; numerical simulation
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