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1. Introduction

Shape Memory Alloys (SMA) are smart and novel materials that exhibit variable stiffness and strength
associated with their different polycrystalline phases. The Shape Memory Effect (SME) and Superelastic Effect (SE)
are two distinct properties that make SMA a smart material. Shape memory effect (free recovery effect) means that a
large (pseudo-) plastic deformation can be reversed by heating. If the going back is prevented by, e.g., concrete, a
stress in the SMA results (constrained recovery effect) [1]. A Superelastic SMA can restore its initial shape
spontaneously even from its inelastic range upon unloading.

The specific objective of this study is to investigate the effect of ordinary and pretension SMAs with memory
effect behavior in concrete shear walls separately. For this purpose, we analyzed concrete shear walls with different
percent of SMAs and steels under monotonic loading in”/ABAQUS Finite element. Two different concrete shear
walls, one reinforced with ordinary SMA together with steel rebars and the other with pretension SMA with steel
rebars, have been analyzed. The seismic behavior of the two concrete structure models has been compared in terms
of their load against displacement.

2. Methodology

2.1. SMA parameters

In this study, the SMA characteristics in ABAQUS are introduced as "user implemented material” in FORTRAN
subroutine. Mechanical behavior of SMA which represented by Brocca et al. [2] was used for SMA’s modeling, see
Fig. 1.
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Fig. 1. Mechanical behavior of SMA (memory effect) [1]
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2.2. Parameters of the model

Analysis was undertaken on a concrete shear wall model with similar geometry and mechanical properties of the
experimental model conducted by Ghorbani-Renani et al. [3]. Geometry and mechanical properties of material used
in the experimental model are given in Table 1.

Table 1. Geometry and mechanical properties of material

Mechanical properties

Geometry properties

Steel Concrete
Y n E. Y n E. fe Thickness  Length  Height
(KN/m?) (GPa) (KN/m®) (GPa)  (MPa) (m) (m) (m)
78 0.3 21 28 0.223 29.14 28.3 0.2 1.3 2.7

3. Results and discussion

In this paper, lateral response of model subjected to increasing monotonic loading-and then unloading was
recorded. The load was applied at the top of the wall in the lateral direction. In analysis concrete wall utilizes the
SMAs with memory effect, after unloading takes place; the SMA rebars are heated in order to recover the residual
deformations.

Two different reinforcement were used for analysis first concrete shear wall with ordinary SMA and steel rebars,
second concrete shear wall with pretension SMA with steel rebars.

Table 2 shows the comparison of the results obtained from models without SMA’s pretension and with SMA’s
pretension.

Table 2. Comparison between model results

87.5%steel 75%steel 62.5%steel  50%steel 37.5%steel 25%steel 12.5%steel
100%Steel & f& & & & & & 100%SMA
0, 0, 0, 0, 0, 0,
125%SMA oo\ 3T.5%SMA. 50%SMA 625%SMA 75%SMA 87.5%SMA
Without Res.'d“;' 3.42 341 3.37 333 3.26 3 241 1.09 0
SMA’s stralp (%)
pretension _Maximum 1.633 1585 1531 1.482 1.437 1.389 1.342 1.299 1.251
stress (MPa)
With Residual - 3.49 3.48 3.43 3.37 331 3.25 3.11 225
SMA’s strain (%)
. Maximum
pretension - 4479 4481 4.499 4.477 4.45 4.423 4.394 4.354

stress (MPa)

As shown in Table 2, replacing steel reinforcement by SMA caused reduction in residual displacement (in both
models) and it lead to decrease the strength of concrete shear wall in models without SMA’s pretension but in
models with pretension SMA replacing steel reinforcement by SMA until 50% increase the concrete shear walls
strength and replacing more than 50% lead to decreasing strength of models.

From the results obtained, using pretension SMA with memory effect instead of ordinary SMA with memory
effect in concrete shear wall causes strength and residual displacement of shear wall to increase.

4. Conclusions

Analysis results showed that although using ordinary SMAs with memory effect characteristic in concrete shear
walls caused decrease in residual displacement, they also caused decrease in wall's strength as well. On the other
hand, since concrete is weak in tension, using pretension SMAs instead of ordinary SMA caused increase in wall's
strength and decrease in residual displacement. Therefore, utilizing pretension SMAs with memory effect
characteristics in concrete shear wall instead of ordinary one can decrease residual strain after unloading and
improve concrete behavior in tension, to some extent.
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