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ABSTRACT

Shape Memory Alloys (SMAs), as intelligent materials with reversible
deformation capability, high ductility, and exceptional energy dissipation
capacity, have recently emerged as effective solutions for enhancing the
seismic performance of structures—particularly cable-stayed bridges. This
study investigates the impact of incorporating SMA elements into the cables
of a cable-stayed bridge featuring A-shaped towers and a box-girder deck.
A detailed numerical model of the bridge was developed in ABAQUS, and
nonlinear dynamic analysis was performed under the El Centro earthquake
record. In the proposed model, NiTi-based SMA components were
embedded at the cable anchorage zomes to utilize their superelastic
behavior and damping properties in the bridge’s seismic response.
Compared to conventional energy dissipation systems, SMAs offer unique
advantages such as corrosion and fatigue resistance, self-centering
capability through thermal activation, and no need for replacement after
seismic events. The results indicate that the use of SMA leads to an average
18% reduction in deck displacement, a 22% decrease in bending moments
at tower bases, and a 27% increase in effective damping. Furthermore,
comparison with a reference bridge confirms the accuracy of the numerical
model in replicating natural frequencies, mode shapes, and internal force
distributions. Overall, the integration of SMA into cable systems presents a
promising strategy for vibration control and seismic resilience in cable-
stayed bridges.
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