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Abstract - Superelastic shape memory alloys (SMAs) are metallic materials that can automatically recover to their original
condition without heat treatment only after the removal of the applied load. These smart materials have been wildly applied
instead of steel materials to the place where large deformation is likely to concentrate. In spite of many advantages, superelastic
SMA materials have been limited to use in the construction filed because there is lack of effort and research involved with the
development of the material model, which is required to reproduce the behavior of superelastic SMA materials. Therefore,
constitutive material models as well as algorithm codes are mainly treated in this study for the purpose of simulating their
hysteretic behavior through numerical analyses. The simulated curves are compared and calibrated to the experimental test
results with an aim to verify the adequacy of material modeling. Furthermore, structural analyses incorporating the material
property of the superelastic SMAs are conducted on simple and cantilever beam models. It can be shown that constitutive
material models presented herein are adequate to reliably predict the behavior of superelastic SMA materials under cyclic
loadings.
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Fig. 1. Stress and strain curve for temperature-dependent SMA materials
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Table 1. Overall solution algorithm under strain control

Step 1: Check "Loading” or "Unloading” State
IF (¢ —¢,) = 0 Then "Loading" State
IF (¢ —¢,) < 0 Then "Unloading” State
Step 2: Examine Phase Transformation
IF "Loading” Then
Check A — S Phase Transformation
Else IF "Unloading” Then
Check S — A Phase Transformation
End IF

Step 3: Compute Tangent Stress

Table 2. Solution scheme for each phase transformation

IF (¢ —¢,) > 0 Then "Loading" State
(A — S Phase Transformation)

IF (¢ —&,) < 0 Then "Unloading” State
(S — A Phase Transformation)

Use the Strain Limits of Egs. (18) and (19)]| Use the Strain Limits of Eqs. (20) and (21)

IF | ¢ | < &5 Then IF ¢4 <| & | Then
v= ‘,S,ﬂ V= VS,H
H=0 H=0
Else IF e4% < | ¢| < e* Then Else IF e < | ¢ | < & Then

IF | 6, | < 6,45 Then
g, =sgn(e)o s
Use Egs. (14) and (16)

IF | 6,| > 6,4 Then
g, = sgn(e)o, A
Use Eqgs. (15)and (17)

Else Else
Use Eqs. (14) and (16) Use Eqgs. (15) and (17)
End IF End IF
Else Else
v=1 v=0
Hi=\0) Hi=0)
End IF End IF

Find Stress and Tangent Modulus Find Stress and Tangent Modulus
Using Egs. (9) and (13) Using Eqs. (9) and (13)
End IF End IF
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