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ABSTRACT 

This study presents the thermomechanical characterization 

of a NiTi shape memory alloy (SMA) obtained through 

several tests at different temperatures, including non-

common ones. High anisotropy due to material processing 

(specifically cold-working) is demonstrated from the 

comparison of stress-strain curves in rolling and in 

transverse directions. Critical stresses associated with the 

beginning of martensitic transformation, as well as the total 

behavior, are highly dependent on the temperature and on 

the test direction. In the rolling direction, as transformation 

progresses, the stress-strain curve becomes nearly flat, 

whereas it is still increasing in the transverse direction tests. 

The database on this SMA behavior is enriched by results 

on the compression behavior, and also by biaxial tests in 

tension-tension and tension-compression at 50°C. Only the 

digital image correlation (DIC) allows the exploitation of 

these original tests.  
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INTRODUCTION 

Digital Image Correlation (DIC) method is a measurement 

technique that provides full-field strain at local and global 

scales of materials. It characterizes the difference in the 

thermomechanical behavior between the rolling and the 

transverse direction in industrial plate of shape memory 

alloys subjected to uniaxial or biaxial loading 

configurations. DIC gives access to the evolution of the 

heterogeneity of the local and global strain fields, and thus 

to the strain paths at different points of the specimens, in 

relation with the applied load. Measuring heterogeneity of 

the strain fields and the related variety of the strain path 

induced by the specificities of a textured NiTi SMA 

(anisotropy, tension-compression asymmetry, etc.) would 

be of high interest to describe the actual thermomechanical 

behavior of such SMAs and for FE simulation of SMA 

structures.  

MATERIAL AND 

THERMOMECHANICAL TESTING 

The tested material was a polycrystalline superelastic NiTi 

shape memory alloy with 50.6 atomic % Ni. This SMA was 

provided by Nimesis Technology. Specimens were cut 

parallel and perpendicular to the rolling direction (symbol 

resp. R and R) by hyperbaric waterjet machining in cold-

worked rolled plates. After machining, the specimens were 

then subjected to a heat treatment in order to ensure the 

superelastic behavior.  

Using Digital Image Correlation (DIC) simplified the 

testing set-up significantly and was necessary to treat 

biaxial tests on cruciform specimens. The obtained full field 

results are the local in plane displacement components from 

which the strain fields are derived. Sometimes average 

values of strain components on large user defined zones 

were adopted (homogeneous uniaxial tests in tension or 

compression) whereas local values and the related fields 

were preferred to analyze the heterogeneities either in 

uniaxial and biaxial tests (tension-tension, tension-

compression). 

UNIAXIAL TESTS: TEMPERATURE 

AND ANISOTROPY EFFECTS 

The anisotropy of the SMA behavior was investigated by 

uniaxial tensile loading-unloading in two directions under 

isothermal conditions. In order to characterize the evolution 

of the SMA behavior with temperature and the anisotropy, 

tests were carried out at 30°C, 43°C, 50°C, 60°C and 70°C 

for the specimens cut in the rolling direction (R) and at 

30°C, 43°C, 50°C and 60°C for the orthogonal direction 

(perpendicular to rolling: R).  

Comparison between the stress-strain curves at the same 

temperature in the rolling and in the perpendicular direction 

is illustrated in Figure 1. At the beginning of the test, the 

behavior is not really purely elastic (probably R-phase is 

present), and the initial slope of the stress-strain curve is 

independent of the specimen direction. Stresses at the 

beginning of the nonlinear behavior and on the plateau, as 

well as the plateau’s slope are higher in the perpendicular 

direction. From the curves it can be deduced that 

transformation stresses in the perpendicular direction are 

more important. In contrast, the plateau’s length 

(transformation strains) is shorter than in rolling direction. 

Results from digital image correlation give information on 

the strain heterogeneities and their evolution while 

increasing or decreasing the load. The observed phenomena 

are similar in the entire temperature range of the performed 

experiments. At the beginning of the test, strain is 

homogeneous. Further deformation takes place with the 

nucleation and the broadening of two bands, and with little 

increase of stress (plateau). Deformation (and consequently 

transformation) is more intense in the bands. Here, bands 

nucleate in the central part of the specimen. When the two 



bands join together, stress increase is needed to obtain 

higher deformation: the slope of the stress-strain curve 

increases and becomes again linear. 

 

 

Figure 1: NiTi alloy longitudinal and transverse 

engineering stress-strain curves: tension in the rolling 

direction and perpendicular to rolling direction at 50°C. 

BIAXIAL TESTS ON CRUCIFORM 

SPECIMENS 

The biaxial experimental set-up is the same servo-hydraulic 

machine used for tensile tests, but in this case, load was 

applied from the four horizontal jacks. The specimen was 

heated and the temperature was regulated by a homemade 

device. An IR camera positioned above specimen was used 

to verify the temperature homogeneity on the whole central 

part before the mechanical test was launched. The tension-

tension cruciform specimen had a reduced-thickness test-

section, to avoid inducing the failure at the minimal section 

of arms. The tension-tension test symmetry was validated 

from the displacement fields calculated by DIC. 

 

Figure 2: Forces vs. strain for biaxial test: tension-tension 

at 50°C, with rolling direction parallel to axis 1.  

In Figure 2 the applied force measured in one direction is 

plotted as a function of the average strain in the central zone 

of the cruciform specimen (red circle): force applied on one 

axis as a function of strain along the same axis. As the 

elongations in both loaded directions were imposed equal, 

the difference between directions is only due to material 

anisotropy. Figure 3 demonstrates the strain profile at the 

central part of the NiTi cruciform specimen subjected to 

tension-tension loading conditions. 

 

Figure 3: Strain fields in the central part of NiTi cruciform 

specimen at 50°C in tension-tension. 

CONCLUSION 

It has been established that the martensitic transformation 

exhibits a non-uniform distribution in the gauge zone of the 

specimen and brings about heterogeneous strain fields. The 

performed tests demonstrate a significant anisotropy in the 

behavior due to material processing and specifically cold-

working, resulting in a higher forward transformation stress. 
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