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Enhancement of the Seismic Performance of Reinforced Concrete Structures Using Braces

Equipped with Shape Memory Alloys

Abstract

In this study, the seismic performance of concrete structures equipped with braces containing shape memory alloys (SMAs) was investigated. To achieve this, a

reference article was selected, and a reinforced concrete frame with conventional steel bracing was modeled and subjected to loading. The obtained results were
then compared with those reported in the reference article to validate the modeling approach. Following the validation, six additional models were simulated and

analyzed using ABAQUS software. The models included 3-, 9-, and 15-story structures, each analyzed under two conditions: once with conventional steel braces

and once with SMA braces.

All specimens featured concrete and reinforcement with identical material properties; the only variables were the number of stories and the type of bracing material

(conventional steel or SMA). All models were subjected to seismic loading according to a standard loading protocol. After completing the analyses, the stress dis-
tribution, displacement, and load-carrying capacity were extracted and compared among the samples.
The results demonstrated that employing SMAs in the bracing systems of concrete structures significantly enhanced their seismic performance by reducing residual

stresses and displacements at the end of the loading. The need for post-earthquake repairs was notably decreased when SMAs were utilized. Specifically, the appli-
cation of SMAs led to up to a 50% reduction in residual stresses and up to a 90% reduction in residual displacements.

Keyword: Seismic Behavior, Reinforced Concrete Structure, Brace, Shape Memory Alloy, ABAQUS
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