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ABSTRACT 

Understanding the role of the structure of porous shape 

memory alloys (SMA) for the mechanical and functional 

behavior of these materials is important for the development 

of various applications. In the present work an attempt is 

made to clarify this role by means of modeling. SMA 

functional properties are simulated within the frames of a 

microstructural model. The ensemble of pores and 

ligaments is modeled by a beam structure. Calculations are 

made for the three types of model objects: a dense SMA 

sample, porous SMA samples and porous samples without 

martensitic transformation. Longitudinal – along the 

specimen's axis – and transverse – normal to this axis –

orientations of pore channels are considered. Simulation of 

isothermal compression of samples at different 

temperatures and of isobaric cooling and heating is 

performed. It is shown that a porous SMA partially retains 

the functional behavior of a dense SMA of the same 

composition demonstrating pseudoelastic behavior at a high 

temperature and the shape memory effect. A comparison of 

the calculations for the specimens with different orientation 

of pore channels leads to the conclusion that porous SMA 

with transversal orientation of porous channels accumulate 

more strain than samples with longitudinal pore structure 

for the same stress values.  
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INTRODUCTION 

Porous TiNi-based alloys are promising materials for using 

as bone implants in medicine due to their biocompatibility 

and mechanical properties similar to those of human bones 

[Bansiddhi, 2008]. Heterogeneous structure of such 

materials and martensitic phase transformation determine 

their deformation behavior. There is a large number of 

works devoted to experimental investigation of porous 

SMA. There are different approaches to describe the 

behavior of porous SMA. However, most of them do not 

allow taking into consideration the peculiar properties of 

porous structure, such as shape and orientation of porous 

channels. In the work [Kaya, 2010] porous TiNi samples 

were obtained by self-propagating high-temperature 

synthesis. Depending on the direction of propagation of 

combustion waves the pores aligned along or normal to the 

sample's axis forming the longitudinal or transverse pore 

structure. The problem of the origin of the difference of the 

functional properties of a dense and porous SMA of the 

same composition is an actual issue. Based only on an 

analysis of experimental results it hardly can be solved. The 

authors of the work [Resnina, 2017] state that this difference 

is due to the difference of the mechanisms of unelastic 

deformation. An attempt to solve this problem by means of 

modeling is presented in this work. 

MODELING OF POROUS SMA 

The model used in this work permits to consider the most 

common types of pore channels’ direction and presents 

appropriate methods of calculation for each of them. 

Modeling proposed in [Volkov, 2015] and [Volkov, 2016] 

is based on the bending theory of beams. Phase strain of 

SMA is described in the frames of the microstructural model 

[Volkov, 2014]. Its main constitutive relations regard 

hierarchy of structural levels in shape memory alloys and 

interaction between deformation mechanisms on the 

different levels.  

To study the influence of various unelastic deformation 

mechanisms on the behavior of porous SMA three types of 

model samples are chosen: dense SMA, porous SMA and 

porous sample experiencing only dislocation plastic 

deformation. Simulation of isothermal compression at 

different temperatures and strain variation at cooling and 

heating under a constant stress is performed. For calculation 

of the behavior of the SMA samples the following material 

constants values are used: transformation temperatures Ms 

= 47°C, Mf = 65°C, As = 84°C, Af = 102°C, latent heat q0 = 

-160 MJ/m3, Young modulus and Poisson's ratio of 

austenite EA = 70 GPa, 𝜈A = 0.33 and of martensite EM = 30 

GPa, 𝜈M = 0.33. Each type of SMA porous structures is 

characterized by geometrical parameters taken from 

analysis of microphotographs. For porous samples without 

phase transformation these parameters are the same as those 

of porous SMA. Comparison of the obtained results allows 

establishing relations between the features of the 

deformation behavior and the structure of the porous SMA 

sample. 

RESULTS 

In the present work the simulation is carried out for the 

porous TiNi samples with porosity 54.2%, the same as in 

the experimental work [Kaya, 2010]. The stress-strain 

curves for isothermal uniaxial compression are obtained for 

porous samples in the martensitic state with the longitudinal 

and transverse orientation of pore channels (figure 1). Local 

stresses in the structural elements of a porous medium and 

their contributions to macroscopic strain depend on their 

geometrical parameters – length and thickness of ligaments, 

etc. Because of this the dependences of the macroscopic 

stress on the macroscopic strain also depend on these 

parameters. Figure 1 illustrates that a porous SMA with 

transversal orientation of pore channels at a given stress 

accumulates a larger deformation in comparison with that 



of the samples with the longitudinal structure. There is an 

agreement between the theoretical and the experimental 

data.  

 

 

Figure 1: Compression stress-strain curves of porous SMA 

samples in the martensitic state: numerical results and 

experimental data [Kaya, 2010]. 

In figure 2, numerical results for uniaxial compression of a 

porous metal without martensitic transformation and a 

porous SMA in the austenitic state are presented. Both 

samples have porous channels oriented longitudinally to the 

specimens’ axis. Under unloading the porous SMA 

demonstrates pseudoelastic strain recovery, while a 

common porous metal (without martensitic 

transformations) unloads elastically. Similar results are 

obtained for the samples in the martensitic state. Thus, 

modeling shows that a porous SMA must partially retain the 

functional behavior of a dense SMA. An experimental 

evidence of this is also reported in [Resnina, 2017].  

 

 

Figure 2: Simulation of uniaxial compression with 

intermediate unloadings of a porous SMA sample in the 

austenitic state and a common porous metal without 

transformation. 

 

Figure 3: Modeling of the strain on temperature 

dependences for dense SMA and porous SMA with 

transversal pore structure at cooling and heating under 

constant stress 50 MPa.  

Results of calculations of deformation of dense and porous 

SMA with different pore orientation at cooling and heating 

under the constant stress 50MPa are shown in figure 3. A 

porous sample acquires a higher phase strain than a dense 

specimen. It has less coefficient of strain recovery. 

CONCLUSION 

Modeling based on the use of a microstructural model for 

SMA and a beam approximation of the porous structure of 

TiNi allows reaching an agreement with experimental 

studies.  

Porous SMA specimens with transversal orientation of 

porous channels accumulate more strain than samples with 

longitudinal structure both for isothermal deformation and 

at cooling and heating under constant stress.  

A porous SMA partially retains the functional behavior of a 

dense SMA, as an example demonstrating pseudoelasticity 

under deformation at a high temperature. 
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