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ABSTRACT
In the present study, the effect of the theromomechanical
coupling on stress-induced martensite phase transformation
in the crack tip region of compact tension (CT) specimens
of pseudoelastic NiTi SMAs is analyzed both experimen-
tally and numerically. To this end, six CT specimens were
submitted to tensile loads at different loading rates and
the temperature distributions around the crack tip were
captured by an infrared camera. Furthermore, the extended
thermo-mechanically-coupled ZM (Zaki-Moumni) model
was implemented into the finite element code ABAQUS in
order to evaluate the temperature and phase transformation
distributions. The results show that phase transformation
region size in the crack tip is frequency-dependent : the
phase transformation regions size decreases when the load-
ing frequency increases. An explanation of this frequency
dependence based on thermo-mechanical coupling is given.
Numerical simulations agree well with the experimental
results.
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INTRODUCTION
Unlike “classical” materials, SMAs experience almost im-
mediate martensitic transformation around the crack tip
as shown in Fig.1 . As a result, linear elastic fracture
mechanics is no longer suitable for approximation of crack
tip mechanical fields. The effect of phase transformation
around the crack tip on fracture behavior have been studied
experimentally, numerically and analytically. Especially,
finite elements applicable to SMAs have widely been used
to compute the size of the transformation region [Wang,
2005], [Falvo, 2009], [Baxevanis, 2012] to predict the
extent of the phase transformation in the vicinity of the
crack tip nickeltitanium (NiTi)-based shape memory alloys.
However, most of studies assume isothermal conditions
in their SMA models for the analysis of the mechanical
fields although the forward phase transformation is exother-
mic and the reverse phase transformation is endothermic
resulting in a temperature variation governed by the re-
lease/absorption of latent heat, intrinsic dissipation and heat
exchange with the surrounding.
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Figure 1: Illustration of the localization of phases trans-
formation

Experiments
Precracks were obtained by applying a fatigue loading at 5
Hz to all specimens (Pmax = 400 N, Pmin = 10 N), at room
temperature T = 24 ± 0.5 ◦C. All precrack lengths were
measured by a microscope to be around 1.2 mm. To study
the effect of loading frequency on phase transformation
around the crack tip, a triangular wave loading-unloading
at 6 different frequencies (0.1 Hz, 1 Hz, 2 Hz, 4 Hz, 5
Hz and 10 Hz) were applied.The load F was applied in the
upper half of the borehole as shown in Fig. 1. The load was
increased linearly to its maximum value of 700 N, at A,
and then was decreased linearly as insert shown in Fig.2.

Simulation and results
The constitutive model put forward by Zaki and Moumni
based on the Helmholtz free energy is adopted. In order to
solve the problem involving thermomechanical coupling,
the mechanical and thermal equations are solved in a cou-
pled manner using the implicit algorithm and implemented
into the finite element code ABAQUS.
Fig. 3, presents both the experimental and numerical results
of the temperature variation ∆T , the difference between
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Figure 2: Evolution of the maximum temperature, Tmax at
the crack tip at different loading frequencies.

the current temperature T ′ and initial temperature of the
specimen T , vs the loading frequency ; it also confirms
that the maximum temperature at the crack tip increases
with the frequency.

Figure 3: The highest temperature vs. loading frequency

Fig. 4 presents the comparison of martensite transformation
region near the crack tip at different loading frequencies. It
is clearly shown that the size of the transformation region
decreases with the loading frequency.

Figure 4: Martensite transformation contour at different
loading frequency of half model

The distance from crack tip to the finish and start phase
transformation contours along x axis equal to rA and rM
separately. Change of rA and rM with loading frequency
are plotted in Fig. 5. It is clearly that the size of the

transformation start rapidly decreases with increasing the
loading frequency.

Figure 5: Radius of martensite and austenite at x axis vs
loading frequency

CONCLUSION
In the present study, the effect of thermomechanical cou-
pling on stress-induced martensite phase transformation
is considered. Experimental results show that crack tip
temperature increase with loading frequency increase. The
extended Zaki and Moumni model for the pseudoelasticity
of NiTi shape memory alloys is implemented as UMAT
(User Material Subroutine) into ABAQUS. Numerical re-
sults show temperature distribution are in good accor-
dance with the experiments and phase transformation area
decreases with loading frequency increases. The results
provide some guidance for the interpretation of fracture
mechanism on pseudoelastic shape memory alloys.
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