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ABSTRACT

Smart materials exhibit special properties that make them a suitable choice for industrial appli-
cations in many branches (e.g., aeronautical, biomedical, structural, and earthquake engineer-
ing). Among them, shape memory alloys (SMA) have unique features (pseudo-elasticity, one-
way and two-way shape memory effects), consequence of reversible martensitic phase transfor-
mation between a high symmetric austenitic phase and a lower symmetric martensitic phase.
For thermally induced transformation, the result is multi-direction martensite with no macro-
scopic deformation; for loading induced transformation, the result is martensite oriented in the
direction of the applied stress, exhibiting a macroscopic deformation.

In the last years SMA have been deeply investigated, from the point of view of modeling,
analysis, and computation. In particular, the research has been developed also towards flexible
and accurate phenomenological models. However, some of the well performing models (e.g.,
see [5]) have still limitations, in particular they are not able to properly describe the material re-
sponse under low values of stresses, which however corresponds to the most adopted conditions
in several applications.

Accordingly, the present work tries first of all to develop a more effective and general consti-
tutive model, along the lines of what recently proposed [1]. The new model describes multiple
possible phase transition as well as a reorientation process, being at the end able to take into
account martensite reorientation, asymmetric response between tension/compression, different
kinetics between forward and reverse phase transformations. However, due to the model in-
creased complexity, standard predictor-corrector methods are no more suitable and a different
approach is pursued, based on replacing the set of Kuhn-Tucker conditions by the so-called
Fischer-Burmeister complementary functions [4]. The model and its numerical implementation
are tested for several proportional and non-proportional loading conditions as well as on some
boundary value problem of industrial interest.

In the second part of the work we apply the experience on SMA modeling and integration
scheme to solve complex realistic boundary value problems taken from the world of biomedical
applications. In particular, we focus on valve failure, which represents a considerable contribute



to cardiovascular disease, the leading cause of death in Western countries. Over the last decade,
minimally-invasive procedures have been developed to avoid large risks associated with conven-
tional open-chest valve replacement techniques [2,3]. For this purpose, percutaneous valves are
adopted to restore valve functionality: a heart valve, sewn inside a stent, is crimped and prop-
erly placed in the patients heart by means of a catheter. Such a recent and innovative procedure
represents an optimal field for virtual computer-based simulations: nowadays, in fact, compu-
tational engineering is widely used to deepen many problems belonging to the biomedical field
of cardiovascular mechanics and, in particular, minimally-invasive procedures. In this study,
we focus on the Edwards SAPIEN transcatheter aortic valve and we reproduce its implantation
by means of computational tools. In particular, Finite Element Analysis (FEA) is performed
to simulate the transcatheter aortic valve implant (TAVI) moving from a patient-specific aortic
root model obtained by processing medical images.
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Figure 1:Folded balloon is assembled within patient-specific aorticroot and the crimped stent to
perform stent expansion simulation. The simulation may give indications on postoperative valve per-
formance in terms, for example, of coaptation area.
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Figure 1: Folded balloon is assembled within patient-specific aortic root and the crimped stent to per-
form stent expansion simulation. The simulation may give indications on postoperative valve perfor-
mance in terms, for example, of coaptation area.
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