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ABSTRACT
Having found many applications in medicine, civil engi-
neering or aerospace industries, NiTi-based alloys are a
prominent class within shape memory alloys (SMA) usually
utilized in the form of thin structures, e.g. wires, strips
or tubes. In such structures, the martensitic transforma-
tion often does not develop in a spatially homogeneous
manner; instead, localized ”martensitic bands” form within
the austenitic sample and their fronts propagate leaving
a material with modified dimensions and microstructure
(phase) behind.
Because localization gives rise to high gradients of strain
concentrated in small volumes of material, it is supposed
to be a critical factor for the fatigue lifetime. Hence, good
understanding and effective modeling of the phenomenon
would have direct practical impacts. Despite a considerable
body of experimental data and more than two decades of
modeling efforts, a reliable NiTi-tailored 3D computational
tool capable to reproduce (and even predict) occurrence
of localization is not available yet. In this contribution
we introduce an extension of a well-established constitu-
tive model for NiTi SMA aiming at this challenge. By
particular tuning of parameters of both internal energy
(with Eshelby’s inclusion-motivated form) and dissipation
function it is possible to impose strain-softening in tension
and strain-hardening in compression simultaneously. Finite
element implementation then allows to study localization
patterns in common sample geometries and loading modes
and compare them with available experimental data.
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INTRODUCTION
It has been evidenced many times in the literature that
martensitic transformation in NiTi-based shape memory
alloys is – under favorable conditions in terms of sample
geometry and loading conditions – prone to form local-
ization patterns [Šittner, 2005]. The macroscopic picture
is very similar to the localization of plastic deformation
in certain steels and alloys well-known as Lüders bands:
the onset is usually accompanied by a stress overpeak
and followed by a stress plateau, material rehardens after
exhausting the available portion of inelastic strain and the

formation of bands depends on microstructure of the ma-
terial. There are also some specific features of NiTi alloys:
reversibility and loading mode-dependence of the limited
inelastic strain, strikingly different physical properties of
neighboring regions with different phase composition, and
complex microstructural aspects of martensitic transforma-
tion in a polycrystalline material.
There have been several attempts to reconstruct localization
patterns in numerical simulations. The seminal work [Shaw,
1997] modified a simple isotropic plasticity model by incor-
poration of the strain-softening effect and reached notable
correspondence between finite element simulations and
experimental observations. Later on, several authors have
developed SMA-specific constitutive models with strain-
softening and studied the localization phenomenon nu-
merically [Chang, 2006], [Duval, 2011], [Badnava, 2014],
[Armattoe, 2014]. Let us note that for a rigorous nu-
merical implementation, regularization of the (intrinsically)
ill-posed mathematical formulation of the boundary value
problems is needed, see e.g. [Bažant, 2002].

MODELING
The core of the rate-independent constitutive model con-
sists of two material functions: one captures the energy
stored in the material at a given thermodynamic state,
the other defines the energy released during irreversible
processes [Frost, 2016]. The irreversible processes are
related to changes of the microstructure of the material
– crystallographic changes as phase transformations and
reorientation – via a set of internal variables. Specific
constraints on these variables allow to take into account
the limited transformation strain, the isochoric nature of
the transformation and the tension-compression asymmetry
[Sedlák, 2012]. An inclusion-motivated stored energy term
responsible for localized deformation has been introduced
in [Frost, 2018]; by tuning material parameters we can
reach strain-softening in uniaxial tension and, simultane-
ously, strain-hardening in uniaxial compression as often
observed in experiments [Šittner, 2005].
The model has been implemented into Abaqus FEA soft-
ware via the subroutine UMAT. As a preliminary test,
a finite element analysis of uniaxial tension of a thin
NiTi ribbon (dimensions 15 mm×60 mm×1 mm) at con-
stant temperature was performed. The mesh consisted of
8,000 brick elements (C3D8R); for material parameters see
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Figure 1: A snapshot from numerical simulation of uniaxial
loading of a thin NiTi ribbon. Colorbar corresponds to the
distribution of volume fraction of martensite.

[Frost, 2018]. The sample was loaded from the relaxed,
full austenitic state by increasing displacement of the
upper base. The lower base was fixed and undercooled
for the spatial control of the initiation of transformation
[Sedmák, 2016]. Figure 1 shows a snapshot of the deformed
ribbon together with the distribution of volume fraction
of martensite at 4.5% relative elongation of the sample.
A “finger-like” pattern known from [Shaw, 1997] is well
visible.
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Šittner, T. Ben Zineb, “Thermomechanical model for
NiTi-based shape memory alloys including R-phase and
material anisotropy under multi-axial loadings”, Int. J.
Plast., 39, 2012, 132 - 151.

[Sedmák, 2016] P. Sedmák, J. Pilch, L. Heller, J. Kopeček,
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of Lüders-like deformation of NiTi shape memory alloys”,
J. Mech. Phys. Solids, 53, 2005, 1719 - 1746.


