Research Article

Hindawi

Unit Cell Analysis of the Superelastic Behavior of
Open-Cell Tetrakaidecahedral Shape Memory Alloy Foam

under Quasi-Static Loading

Guillaume Maitrejean,*? Patrick Terriault,® Diego Devis Capilla,* and Vladimir Brailovski'

Department of Mechanical Engineering, Ecole de technologie superieure, Montreal, QC, CanadaH C K

Laboratoire Rheologie et Procedes, rue de la Chimie-Batiment B, Domaine Universitaire, BP Grenoble Cedex , France

Correspondence should be addressed to Guillaume Ma trejean; guillaume.maitrejean@ujf-grenoble.fr

Received  January ; Revised  April ; Accepted  April ; Published July

Academic Editor: Outi Sederberg

Copyright * Guillaume Ma trejean etal. s is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Cellular solid materials and, more speci cally, foams are increasingly common in many industrial applications due to their attractive
characteristics. e tetrakaidecahedral foam microstructure, which can be observed in many types of foams, is studied in the present
work in association with shape memory alloys (SMA) material. SMA foams are of particular interest as they associate both the
shape memory e ect and the superelasticity with the characteristics of foam. A Unit Cell Finite Element Method approach is used,
an approach that allows accurate predicting of the macroscale response of the foam with a highly reduced numerical e ort. e
tetrakaidecahedral foams responses, both in the elastic and in the superelastic stages, are then extracted and compared with results

from the literature.

e tetrakaidecahedral geometry is found to be of particular interest when associated with SMA as it takes more

advantage of the superelastic property of the material than foams with randomly distributed porosity.

1. Introduction

Shape memory alloy materials are of major interest in a
broad range of applications for their uncommon mechanical
properties shape memory e ect and superelasticity [, ].
Over the last decade, numerous studies have focused on the
porous form of SMA, which combines the intrinsic assets
of both SMA and foam materials. From an experimental
point of view, SMA foams have been processed using di erent
manufacturing techniques and a number of research papers
have been published in various research elds, especially for
biomedical applications (see, e.g.,[ , ]or, morerecently, [ 1).
From a numerical point of view, intensive research has been
conducted on both the determination of accurate constitutive
models of dense SMA (a review of some models can be found
in [ 1) and the SMA foam modelling. Several studies have
shown the importance of the foams geometrical character-
istics, that is, the size, shape, orientation, and distribution of
the pore microstructure on its macroscale behavior [ ].

Tetrakaidecahedral cellular solids are of interest to many
researchers, since they were proven as far back as by Lord
Kelvin [ ] that they are the most e cient means to Il space
within a given volume with a single shape; that is, they are the
structure that provide the minimum surface area per given
volume [ ]. e tetrakaidecahedron, also called the Kelvin
cell or the regular truncated octahedron, is characterized by

faces, eight regular hexagons and six squares, and can be
generated by truncating the corners of acube [ ]. As depicted
in Figure , a number of foams exhibit geometry which
can be accurately modeled using a tetrakaidecahedron-based
model. Even though such foams normally possess a very high
porosity, it is now possible to obtain, using modern additive
manufacturing methods, tetrakaidecahedral geometry-based
foams with porosity ranging in very large limits, that is, from

to % of porosity[ , 1.

For these multiple reasons, the tetrakaidecahedral geom-

etry of foam models has been widely studied in the literature
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(b)
F . Tetrakaidecahedral-like metallic foam, from [ ] (a) and from [ ] (b).

from the analytical [ , , ], experimental [ ], and numer- T : Material parameters for dense SMA constitutive model.
ical [ ] perspectives. -

In this study, we focus on the mechanical responses of ~ _Material parameters Values
tetrakaidecahedral open-cell SMA foam with a density ratio (GPa)

/  ranging from to ,where denotes the density and 1

the subscript d is the fully dense value. Note that the terms (MPa)
porosity, density ratio, and pore volume fraction are synonyms (MPa)
and will alternatively and indistinctly be used in this work. (MPa)

In particular, we aim to study the in uence of the (MPa)

superelastic e ect associated with open-cell tetrakaideca-
hedral foam. For this purpose, we de ne the model of
tetrakaidecahedral foam from both a geometrical and a
numerical point of view in Section . e tetrakaidecahedral
foam responses in the elastic and in the superelastic stage are
extracted in Section and compared with results from the
literature. We draw our conclusions in Section

2. Computational Setup

.. SMA Constitutive Model. All the computations are per-
formed using the commercial nite element so ware Ansys.
e SMA model has already been implemented [ ]. e
model is brie y summarized below; the interested reader is
invited to refer to [ ] and the references therein for more
information.

e material model considers the nonlinear behavior
occurring during the reversible phase transformation from
Austenite to Martensite or from Martensite to Austenite.
For the sake of clarity, we adopt the following convention
concerning exponents or subscripts: , , and
will refer to Austenite, Martensite, Austenite to Martensite
and Martensite to Austenite phase transformations, respec-
tively. e Auricchios model is able to model the tension-
compression asymmetry behavior but, as a rst approxima-
tion, we do not account for such asymmetry in the present
study. It is worth pointing out, however, that the asymmetry
behavior has a great in uence on the mechanical response of
the model and the reader must keep in mind the assumption
of a symmetric mechanical behavior.

Itisassumed that the material behavior does not show any
permanent strain and that the material is perfectly isotropic.

e following constants are used to model the SMA behavior
and they are graphically represented in [ 1]:

Q) is the starting stress for the phase transformation
from Austenite to Martensite;

(i) is the nal stress for the phase transformation
from Austenite to Martensite;

(iii) is the starting stress for the phase transformation
from Martensite to Austenite;

(iv) is the nal stress for the phase transformation
from Martensite to Austenite;

(v) isthe maximum superelastic strain;
(vi)  isthe Youngs modulus of Austenite;
(vii) is the Youngs modulus of Martensite;

(viii) is the phase transformation modulus of austenite
to Martensite;

(ix) is the phase transformation modulus of Marten-
site to Austenite.

roughout this paper, the porous SMA material will be
de ned by the parameters summarized in Table . e asso-
ciated stress-strain response for fully dense foam is depicted
in Figure .

Note that to reduce the number of iterations required
for a complete phase transformation, is set to .
which is approximately / of the Ti-Ni superelastic range.
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250f ' ' the macroscale behaviour of the foam, provided that the
speci ¢ boundary conditions are applied (addressed in the
next section). is approach, the so-called Unit Cell Finite
200¢ 1 Element Method (UCFEM), has already been widely used
[ , ] and makes it possible to circumvent the huge
numerical weight exhibited by a full foam model.

e tetrakaidecahedral cell, that is, the UCFEM model
associated with tetrakaidecahedral foam, is obtained by
joining several tetrakaidecahedra together and performing
appropriate sectioning. e nal cell, depicted inFigure , is
very similar to the one obtained by Zhu et al] and Sullivan
et al. [ ], who performed reference works on tetrakaidec-
ahedral cells via an analytical approach. Note that this cell

s - possesses six symmetry planes and, consequently, the stress
0 0.005 0.01 0.015  and the strain elds can be extended for the whole porous
Strain SMA. e stress is then the ratio of the total applied force to
the area of the unit cell boundary. e strain along the loading
path is the ratio of the displacement in the loading direction
of the unit cell to the initial length of the unit cell.

However, contrary to Zhu et al. ] and Sullivan et al.

[ 1, who modeled the cell using beam elements (which limit
the validity of the model for porosity less than . ), the
Note about the Modele Auricchio model as implemented ~ present nite element model is meshed using brick elements
in Ansys so ware may be considered somewhat weak, a¢ nodes) exhibiting a quadratic displacement behavior. A
more sophisticated models have been published by di erentvider range of porosity variation can then be addressed.
research groups [, ] since its appearance, even by the

150}

Stress (MPa)

iy
o
o

50}

F : Stress-strain curve obtained for .  maximum strain.

is scaling down does not a ect the validity of the results
obtained.

Auricchioss own research group |. However, 'ghiS mode;l ... Boundary Conditions. e boundary conditions are
presents two fundamental assets which make it very suitablgerived from the consideration of the symmetry conditions
for the purpose of the present work. on the surfaces of the box enclosing the unit cell. Following

(i) Firstly, the model focuses on the superelastic beth approach of [ ], the re ection symmetries of the unit
haviour of the SMA using only a few constitutive cell require that the shear stress vanishes at all points of

parameters, and it has been successfully validated ifhe enclosing box and that the normal displacements on the
a number of studies. surfaces are constant. A local coordinate system () is

then de ned by the , , axes of the edges of the unit

(ii) Secondly, its direct implementation in the commer- cq|| hox Figure ), corresponding to the global coordinate
cial so ware Ansys precludes the need to apply thesysterr( ., )witha / rotation around the -axis.

USER Material Subroutine (USERMAT), thereby ~ ¢ gisplacements(, V. ) inthislocal coordinate system
allowing the reader to easily verify the results ob- 5.4 given along ( , ), respectively. In this framework, the

tained in this work. displacement boundary conditions can be expressed by
In sum, in light of these assets, this model has been success-
fully applied in [ ] as well as in [ ] and the use of a more 0, = V(0 )= ,,0=0
sophisticated model in this work is not justi ed. 5 _ V(.2 )=V, 0
.. Unit Cell Finite Element Method Approach .8 2 =—

.. . Geometrical Aspects.e geometrical model addressed and the shear stress conditions b
in this work is based on an equisided tetrakaidecahedron y
which is de ned by the side length. e open-cell geom-

etry is obtained from a fully dense tetrakaidecahedron by 0. = (.0, )= 2.,
removing a similar, but smaller, tetrakaidecahedron volume = (.2, )=0
from the inner space and by opening each ofthe faces. e Y '
nal tetrakaidecahedral geometry is depictedRigure in 0,, = .0 = 2.
the global coordinate system (, , ) and the associated B 0
tetrakaidecahedral foam is obtained by repeating this geom- = .8 2 =0,
etry to Il space.
Due to the periodicity and symmetry exhibited by this (,0, )= ,,0 = .2, )

foam, there is no need to reproduce a complete foam _
structure, since only a small part of it is needed to capture = LS 2 =0,


https://www.researchgate.net/publication/258027862_Analysis_of_the_elastic_properties_of_open-cell_foams_with_tetrakaidecahedral_cells_J_Mech_Phys_Solids?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/258027862_Analysis_of_the_elastic_properties_of_open-cell_foams_with_tetrakaidecahedral_cells_J_Mech_Phys_Solids?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/239344015_A_General_Tetrakaidecahedron_Model_for_Open-Celled_Foams?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/239344015_A_General_Tetrakaidecahedron_Model_for_Open-Celled_Foams?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/222846798_A_three-dimensional_phenomenological_model_for_martensite_reorientation_in_shape_memory_alloys?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/222828890_A_three-dimensional_model_describing_stress-induced_solid_phase_transformation_with_permanent_inelasticity?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/222013369_Modeling_of_transformation-induced_plasticity_and_its_effect_on_the_behavior_of_porous_shape_memory_alloys_Part_I_Constitutive_model_for_fully_dense_SMAs?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/257377327_Density_dependence_of_the_superelastic_behavior_of_porous_shape_memory_alloys_Representative_Volume_Element_and_scaling_relation_approaches?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/222518404_Modeling_of_the_thermomechanical_behavior_of_porous_shape_memory_alloys?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==
https://www.researchgate.net/publication/233432838_A_unified_thermodynamic_constitutive_model_for_SMA_and_finite_element_analysis_of_active_metal_matrix_composites_Mech_Com_Mat_Struct_3153-179?el=1_x_8&enrichId=rgreq-e6516ce9-fa09-4166-8557-ecd29e3963ca&enrichSource=Y292ZXJQYWdlOzI3Mzg3NzA1ODtBUzozNDI0ODA1MDg3MzU0OTBAMTQ1ODY2NTEyNTQ1MQ==

Smart Materials Research

)
_/

z
Z, g
A \
X
xg 3a ¢
@) (b)
F  :Equisided tetrakaidecahedron.
z
W=W=CcC
/
/ /,U =0
2a -
Zg =0-----—
- y
u=u--

/

Y 7

9 _

Xy w=0
X
F  :UCFEM model used for stress and strain calculations.
F : Schematic boundary conditions where (, V, ) are the

displacements; denotes the mean value, ands a homogeneous

L displacement of the upper face.
where— denotes the mean value, which imposes that all the P PP

material points on the respective unit cell boundaries have the
same normal displacement.

e implementation of the displacement boundary con-
ditions stated in () in Ansys so ware is straightforward,
using coupled degrees of freedom. e shear stress boundary
conditions given by (), however, cannot be explicitly set
in Ansys, but are implicitly de ned using the kinematic
boundary condition-de ned (). Figure is a schematic
illustration of these boundary conditions.

Finally, the nite element model of the Unit Cell
is meshed using -nodes, mixed tetrahedral hexahedral,
quadratic elements as depictEmjure .

is nite element model presents geometric singularities
that may reduce the stress calculation reliability. To remove
or, atleast, to limit these risks, it is generally advised to round
the edges and llet the corners. However, that approach
would lead to a more complex geometry, higher number
of elements, and thus higher computational cost. For these
reasons, the maximum stresses obtained with our model are
de nitely overestimated.

... Simpli cations. When experiencing high strains, tet-
rakaidecahedral foam is subjected to highly nonlinear e ectss  : Mesh of the nite element model forthe / = 0.1unit
such as cracks or nonlinear buckling that may eventuallycell porosity.
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F  :lllustration of microscale response with the Von-Mises stress of a unit cell in compressior(0.015 during the loading stage for

di erent porosities.

result either in a collapse or a destruction of the cell underthat martensitic transformation will never be completed in
compressive or tensile loading, respectively. However, thporous SMAs.

present work aims at studying the superelastic response of
tetrakaidecahedral foam and, for this reason, only linear-

_ _ . . Macroscale Responsétress-strain curves from both
elastic and superelastic behaviours are addressed here.

tension and compression tests are depicted-igure for

various porosities. We can observe the large range of stresses
. : ; exhibited by the samples of di erent porosity (more than

3. Results: Superelastic Behaviour three orders of magnitude). It has been shown for random

e mechanical response of tetrakaidecahedral foam can befoam[ ! ]'that, for high porosity fraction, a full martensitic

observed either at a micro- or a macroscale, thatis, by Iookin%ran.Sformatlon can never be _reached, even at very_large

at the response at the cell scale or at the overall sample sca grain. To con rm .th's concluspn, _the maximum applied

Most of the experimental results that can be found in the liter- macroscale strainissetto . ,whichis thrt—;-e times the(;ee

ature are naturally limited to the macroscale given di culties Table ). As expected, from’ > 0.3t higher porosities, .

obtaining this information at the microscale. Fortunately, we and stresses are never reached. Furthermore in

can illustrate both scales by using numerical approaches, aridiis work, no di erence is assumed between compression

we address both perspectives in the following subsections. and tension in the Ansys SMA constitutive model. e very

close responses between the compression and tension tests of

Figure indicate that the behavior of all the foams tested is

- - Microscale Responsgigure illustrates the stress state in ¢  ected by the load direction, and, therefore, only tensile
a unit cell for a maximum compressive strain 6f 0.015 results could be addressed herea er.

_ As one can expect, we observe high stress heterogeneity rigyre  depicts the evolution of the constitutive model
with stress concentration due to the sharp edges of theparameters ratio of, respectively. and
geometry. and as functions of porosity. By sratioZ of any

_In order.to see how.the_phalse transformation eVOIVeSparameter we denote the apparent value corresponding
during loading, we depict, in Figurega) and (b), the 4, 5 given porosity divided by the fully dense value. We
volume fraction of material having an equivalent stre§s  pserve that the ratios are almost identical for critical stresses
greater than and as functions of applied strain. In  (Figure (a)), as well as for the modulRigure (b)), even
both gures, we can observe that for all porosity foams, theif shows a slight o set.
higher the density, the higher the volume fractions of the e gures are scaled logarithmically, meaning that the
material undergoing phase transformation and being fully slope of the plots corresponds to the exponermf a power
transformed, respectively, iRigure (a) and in Figure (b) law function equation = . As observed experimentally
(which corresponds to a volume fraction of ). ese obser- in[ Jandnumericallyin[ ],the exponent is not constant
vations support those made for random SMA foams [ ] over the whole porosity fraction range. We observe three
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F  :Volume fraction of the models exhibiting an equivalent stress ., greater than the phase transformation stress (a) and greater
than the phase transformation stress (b) as a function of the applied strain.

di erent regions, corresponding to high porosity/ < () Finally, for high porosities Figure (c)), we observe

0.25) medium porosity0.25 < / < 0.8), and low porosity two di erent trends. On one hand, the fractions of

(/> 0.8)fractions. fully transformed material are almost equal for both
geometries. On the other hand, the volume fraction
of material undergoing transformation is

4. Discussion far more signi cant for the tetrakaidecahedral foam,

.. Superelastic Respons#le compare, inFigure , the but only when strain exceeds .

volume fractions of the material undergoing phase transfor-

mation (from Figure ) with the ones obtained for random slight dierences in the threshold phase transformation

foam of same porosity []. Signi cant di erences between ) . _ "
the regular and random foamss susceptibility to phase transStrains used in these works = 0.003and = 0.013

formation can be observed as follows. (this work) and = 0.002%nd =0.0129 1.

e dierences revealed in the results indicate that
() For low porosities Figure (a)), the volume fraction tetrakaidecahedral foam will exhibit better superelastic
of material for which the phase transformation is behaviour than random foam, in accordance with the follow-
initiated ( o4 > ) for tetrakaidecahedral foam ing observations.
is far less notable than for random foam. e same _ ) ) o
trend is also observed for the volume fraction of fully (i) For low-porosity Figure (a)), the periodic distri-

Note that these conclusions are deemed valid despite the

; bution and the pore shape regularity of tetrakaidec-
transformed material (., > . .
(eq ) ahedral foams lead to a decrease of the material
() For moderate porosities Rigure (b)), the vol- volume fraction that is fully transformed. is is an
ume fraction of material, under transformation or mteregtmg_feat_ure, smcealesser_proportlon of such a
fully transformed, follows a similar trend until a material will ultimately reach the yield stress, generate
macroscale strain of . . For larger strains, the irreversible strains, and lead to fracture.

phase transformation in the tetrakaidecahedral foam (i) For high-porosity Figure (c)), the periodic pore
is less than in the random foam. structure tends to drastically increase the amount
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of material undergoing phase transformation, while Finally, the results from [ ], which depict the evolution
keeping the completely transformed material fraction of the elastic moduli for SMA foams with random pores
unchanged. With a larger proportion of the mate- (random shape, size, and distribution), produce a trend close
rial participating in the phase transformation, the to that of Gibson and Ashby, with a slight o set to the present
macroscopic strain is better distributed throughout results.
the entire sample.
.. Stress Concentration FactoFollowing the de nition of
.. Apparent Elastic ModulusIn the global coordinate the stress concentration factor introduced by Panico and
system in which the tetrakaidecahedral geometry has beeBrinson [ ] in the apparent elastic regime as being the
de ned, the model is isotropic along the principal axes. e ratio of the maximum axial stress component to the applied
apparent elastic modulus ratio of the unit cell, that is, the macroscopic stresBijgure ~ depicts the stress concentration
ratio of the apparent elastic modulus of the unit cell and factor for tetrakaidecahedron cell and random foamg [
of the fully dense material, is depictedkigure  for both As expected, the concentration factor obtained in the
traction and compression tests at di erent porosity fractions present work follows the same trend as the factor from

andvizlompflr(;d to re;srt]Jlttst;‘]rom the literature. dtensi yrandom foams: the higher the porosity, the higher the
are eer;Zc(t)l S(;Lveeriri osee((:jomrgcrezsnsg:?n Etil'?at ir;s'g?erre;r?cg’concentration factor. However, for the low-porosity fraction,
P y sup P ! 9 the stress concentration factor of the tetrakaidecahedral cell

emerges between these two loadings as far as it concerpssloWer Eigure is a log-log plot) than the factors from
apparent elastic modulus. 9 g-log p

Next, when comparing with the well-known Gibson and [ ], whichindicates that the periodic foam studied here will
Ashby cellular solid equation of the evolution of the elasticexhlblt an increased fatigue strength than Panico-s random

modulus, thatis,/ = (/ )?(with = 1 generally '°o&m* _ o

used), we observe that the evolution is parallel to that of the ~ With the geometrical models used in this work, a large
present work from very higff / = 0.01)to moderately ampunt of_sharp edggs are obtained. Local stre_ss.concen-
low (/ = 0.7) porosities. For lower porosities, the trations will ther_l b_e meyltably generated, but it is not
tetrakaidecahedral elastic modulus ratio converges to th@bvious that a signi cant in uence would be observed at
fully dense value fraction/ = 1. e analytical results ~ the macroscale level. To address this concern, other similar
from [ ] for tetrakaidecahedral foams of high porosity, Simulations should be carried out by rounding the sharp
based on beam theory, are in very good agreement Wit}@dges or by building the tetrakaidecahedral unit cell with
our tetrakaidecahedral cells modeled using circular beangircular extrusions.

elements. e elastic moduli of random pores calculated by

Roberts and Garboczi [] are in perfect agreement with the .. Linear Buckling. e analysis of linear buckling in tet-
Gibson and Ahsbyes predictions, and, thus, their evolution isakaidecahedral foam cells has been thoroughly investigated
parallel to that of the tetrakaidecahedral foam. in[ ], based on the beam theory developed by Timoshenko
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(b) PVF = 0.5 and (c) PVF= 0.7in highly-random pore foam, from [ ], and in tetrakaidecahedral foam. e volume fraction that is
experiencing phase transformation is highlighted.

and Gere | ]. Itis assumed that the edges of the geometry ardn Figure , by comparing the predicted onset buckling stress
low. Zhu etal. [ ]showed that, for polymeric foam exhibiting aterial, we can see that this geometry is not subjected
viscoplastic behaviour, buckling was unlikely to happen. Ay, jinear buckling for all the density fractions, as the yield
more general appr_oach by G|b§0n and Ashby [Jase_d ON  stress reached is at least one order of magnitude lower.
experimental elastic collapse, gives the onset buckling Stre?—sﬁrthermore in light of these results, it is more than likely
as follows: T g . g
) that the tetrakaidecahedral foam will experience plastic
2 2 deformation and cracking before being subjected to any

o 003 — 1+ — ' O nonlinear buckling e ect.
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as well as in the superelastic regime for the whole range of
10t , porosity.

Furthermore, it was observed that, due to the regular
spatial distribution and shape of the pores in the tetrakaidec-
ahedral foam, we can expect random foam to be stier
than periodic foam with moderately-to-low porosity. On the
contrary, for high porosities, we would expect periodic foam
to be sti er than random foam.

Finally, we have seen, both in the elastic regime through
the stress factor and in the inelastic regime, by comparing
the volume fraction of phase transformed material, that the
tetrakaidecahedral geometry provides an obvious synergetic
e ect when coupled with superelasticity. For example, when
comparing regular and random foams in the . to .

10° ¢

107 ¢

Stress concentration factor

10t}

10° L - porosity range, both structures show similar quantity of
10> 10°* 1 the completely transformed material, while the fraction of
o material undergoing martensitic transformation is much
_o— Present work larger in t.he regular than in.the random foams, making the
—x— Panico and Brinson load sharing much more e cient.
F : Stress concentration factor as a function of porosity for ]
both tetrakaidecahedral and random foam from[. Conflict of Interests
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