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Summary A transformation criterion that includes the effect of tension-compression asymmetry and texture-induced anisotropy is used to
describe the size of the transformation region surrounding the tip of an edge crack in a shape memory alloy. This analysis is made within the
framework of the linear elastic fracture mechanics (LEFM). Different opening modes are considered. Transformation surfaces obtained are
compared with those published by Lexcellent et al. (Int. J. Fract. 169: 1-13, 2011) for the isotropic case to capture the influence of
transformation anisotropy for different fracture modes.

INTRODUCTION

Shape memory alloys are nowadays used in a wide range of applications developed for a variety of industrial fields.
However, the necessity to better understand the interaction between cracks and stress-induced martensitic transformation is
only a recent concern [1, 2]. Based on the linear elastic fracture mechanics framework, Lexcellent et al. have recently
derived [1, 3] the stress field around a crack tip and have determined the phase transformation zone. They have shown that
this result is dependant of the loading mode. These authors have taken into account the tension—compression asymmetry
observed in SMAs and established that this asymmetry is responsible for the “peanut shape” of the transformation region in
Mode 1.

Most of SMA applications are made from NiTi sheets or wires produced by rolling or by drawing. These elements are
usually strongly textured. The present work aims to consider the influence of the crystallographic texture-induced
anisotropy on the shape of the transformation zone using the new anisotropic transformation criterion developed by
Chatziathanasiou et al. (2015) [4].

ANISOTROPIC TRANSFORMATION CRITERION

In order to take into account the texture-induced anisotropy the notion of alteration of the axes of the stress space is used
as introduced by Karafillis & Boyce [5]. A new space of stress 6™ is considered that represents a distortion of the space of
real stresses. In this way the expression of the original transformation criterion is kept and Chatziathanasiou et al. [4] have

proposed the following expression:
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Transformation surfaces obtained in that way are presented in figure 1 for different values of parameter p.

—— Isotropic p = 0
V27

0, = p sin(y)
7, sin()

100

200

2
30/ W § e i i -

400 S AT .

509
500

H H
FTRE I R w3 0 ] 05 0 05 1
a, = p cos(y) 1, cos (i)

Figure 1 - Anisotropic Martensite Phase Transformation Figure 2 - Mode I, Anisotropic Martensite Phase Transformation
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DETERMINATION OF THE TRANSFORMATION ZONE AROUND A CRACK TIP

It is important to note that if the transformation is anisotropic we still assume that the elasticity remains isotropic. The
determination of the transformation zone around a crack tip is then obtained considering the linear elastic fracture
mechanics framework approach as proposed in [1]. The stress tensor ¢* is considered instead of the real stress tensor. The
elastic stress field computed around the crack tip is investigated using the transformation criterion in order to determine the
size and shape of the transformation surface. This is performed for different loading modes and different values of
parameter p which characterizes the intensity of the asymmetry between tension and compression.

RESULTS

The onset zone limit for an anisotropic stress-induced transformation is determined for plane stress and plane strain
conditions considering three different fracture modes. Results are compared with the isotropic ones presented in [1].
Material parameters are the same in both cases, only anisotropy differs. In Fig. 2 results for plane stress condition in Mode |
are presented. Anisotropy generates a slightly smaller surface. Shape is globally conserved but it is shifted to the left.
Surfaces obtained in Mode Il are shown in Fig. 3. Here again, they are slightly smaller with respect to the isotropic ones,
and is shifted downwards. The intersection of the three plots for a given configuration is not the same. For the isotropic
case, the intersection is for y = 0, whereas it is around the (5;-1.5) coordinate for the anisotropic case. In Mode Il the
surface is a circular one as in the isotropic case (Fig. 4) but this surface is no longer independent of parameter p. This comes
from the fact that the determinant of the anisotropic stress tensor is not equal to zero as this is the case for the isotropic one.
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Figure 3 - Mode Il, Anisotropic Martensite Phase Figure 4 - Mode Ill, Anisotropic Martensite Phase
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CONCLUSIONS

The notion of alteration of the axes of the stress space to describe the influence of texture-induced anisotropy allows
extending fracture analysis in SMASs. Prediction of the phase transformation onset zones around a crack tip is obtained for
three loading modes in plane stress and plane strain conditions. It appears that anisotropic surfaces are slightly smaller than
isotropic ones while still displaying the same trend. Moreover, a light but noticeable shift of theses surfaces can be observed
for all modes.
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