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Abstract: The escalating horizontal displacements induced by extremely rare seismic events impose stringent
demands on the energy dissipation capacity and adaptive performance of damping devices. Conventional friction
dampers, however, typically rely on a constant preload applied via high-strength bolts. This mechanism
inherently lacks adaptability, as the friction force cannot modulate with seismic intensity, thereby limiting the
damper’ s efficacy during severe ground motions. To address this limitation, a Non-preload Variable Friction
Inerter (NVFI) was previously proposed. Theoretical analysis and quasi-static experiments have confirmed its
superior characteristics: it obviates the need for preload and facilitates adaptive damping force modulation. This
study develops a robust numerical model for the NVFI by implementing a user-defined element (VUEL-NVFI)
within the ABAQUS/Explicit platform. The fidelity and stability of the VUEL are rigorously validated against
MATLAB numerical solutions under both harmonic and seismic loading, accurately capturing the device’ s
characteristic “butterfly shape” hysteretic behavior. The validated VUEL is subsequently integrated into a high-
fidelity, three-dimensional model of a 10-story reinforced concrete frame to systematically investigate its seismic
mitigation mechanisms under multi-level earthquake intensities. Analyses demonstrate that the NVFI’ s
damping force and energy dissipation capacity adaptively scale with increasing ground motion intensity.
Critically, under extremely rare earthquake scenarios, the NVFI-equipped structure effectively controls inter-
story drift, achieving a maximum reduction rate of 56.05% and significantly enhancing overall seismic
performance. The VUEL element developed herein provides a reliable computational tool for the engineering
analysis of NVFI systems. The device’ s adaptive mitigation mechanism demonstrates significant application
potential for the collapse-prevention design of structures subjected to extreme seismic events.

Keywords: variable friction inerter; non-preload; inertial effect; secondary development; seismic performance
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Fig. 14 Three-dimensional model of 10-story reinforced

concrete frame structure
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