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ABSTRACT

This study develops a bidirectional hybrid self-centering damper that combines
viscoelastic pads, steel slit plates, and shape memory alloy bars within a single column-
type assembly as shown in Fig. 1. The viscoelastic component supplies rate-dependent
damping, the slit plates dissipate energy through stable yielding, and the SMA bars
recover deformation after cyclic loading. Closed-form mechanical formulations are
established for the three components, and the total restoring force is obtained from
their parallel contribution. The theoretical responses are verified through component-
level and full-assembly transient finite element analyses, which show close agreement
in stiffness, force capacity, hysteretic shape, and recentering behavior. A
computationally efficient SAP2000 model is then constructed using parallel link
elements representing the elastic-viscous, yielding, and superelastic mechanisms. The
proposed damper is applied to a substandard six-story reinforced-concrete building
subjected to nonlinear time-history analyses using 22 bidirectional ground-motion pairs.
Twenty-six dampers are installed based on the capacity spectrum method. Post-retrofit
pushover results place the 2% drift limit before the Life Safety level in both principal
directions. The mean maximum interstory drift ratio decreases from 2.6% to 1.97%. The
results demonstrate that the proposed bidirectional damper effectively combines
damping, hysteretic energy dissipation, and self-centering for practical seismic retrofit.
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Fig. 1 Proposed configuration and use: (a) damper; (b) frame installation scheme.
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