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Abstract. This study aims at studying first; the relation between
the effective yield stress of perfectly plastic matrix and spherical
and elliptical voids, 33 numerical tests curried out with different
effective yield stress of the matrix (different materials), so as to
estimate the relationship between the effective yield stress of the
porous media and perfect plastic matrix. The relationship
between the effective yield stress of the matrix and porous media
is estimated by a mathematical equation with less than 5% error.
Using finite element method, and within the representative
volume element, the porous materials are modeled according to
its microstructure.
And second; the proposed model tested numerically and in the
case of linear hardening and another relation is estimated
between the linear hardening coefficient of the matrix and the
porous media. 66 numerical tests curried out, based on the finite
elements numerical tests with three dimensional representatives
volume elements; these mathematical equations are proposed so
as to predict the macroscopic behavior of the porous media,
depending on the solid matrix properties. These numerical
simulations show that the porosity volume fraction can has a
strong effect on the overall effective yield stress and linear
hardening coefficient.

Keywords-component; heterogeneous materials, nonlinear
homogenization techniques, finite element modelling, porous
materials.

I.
INTRODUCTION
During the last 30 years, several numerical models
proposed and extended, attemting to explain the relationship
between the porous media and the matrix phase properties.
Perhaps the popular model for porous plastic solids is proposed
by [1]. More recently, porous media models are extended to
large strains, first in the framework of hypoelastoplasticity after
the work of [2] for single-phase materials, and using
hyperelastoplasticity. To the author knowledge, a partially
saturated model has been put forward only in the framework of
hypoelastoplasticity, based on an updated Lagrangian
approach, Eulerian strain rate tensor and Jaumann stress rate. In
the present paper, a partially saturated porous media model is
developed in the framework of hyperelastoplasticity, extending
the previous work of [3]. Conditions of partial saturation are of

importance in engineering practice because many porous
materials are in this natural state or can reach this state during
deformations. Some simple examples can be found in soils or
in concrete and in biological tissues, which can contain air or
other gases in the pores together with liquids. For instance, this
is the case of the soil zones above the free surface, or the case
of deep reservoirs of hydrocarbon gas. The partially saturated
state can also be reached during the deformation due for
instance, to earthquake in an earth dam or during the particular
case of strain localization of dense sands under globally
undrained conditions, where negative water pressures are
measured and cavitation of the pore water was observed see [3]
and [4].
A computational homogenization method was used by [5]
to estimate the effective elastic-plastic response of particulate
composites. The method is based on the computations of small
limited volumes of fixed size extracted from a larger one and
containing different realizations of the random microstructure.
They showed that the elementary volume element containing
one centered inclusion, even widely used in the literature,
represents a minor bound of the real mechanical response.
About porous materials, there are a lot of studies. Some of
them deal about the plasticity models. The classical plasticity
model of Gurson [1] contains the porosity as internal variable
and it was considered perfect plastic in the matrix of porous
materials. [6] and [7] proposed the extended yield of Gurson
type model, so called GTN model, with the new parameters
qi , with i  1,2,3 , to adjust their experiments. It most
frequently used. In the GTN model, isotropic hardening is
accounted for the flow stress of the matrix material  Y . While,
in [7], they proposed the modification of f  as a piecewise
linear function of the initial porosity f. The value of f  is
considered an increase of porosity due to the coalescence of the
voids and then they extended the critical void volume
fraction f c .
Studying hardening properties for porous materials also is
one of the interested subjects by some other authors. [8] and [9]
proposed the linear hardening into Gurson model. [10]
presented the comparison between Gurson model and unit cell
model, indicating the void growth during isotropic and
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kinematic hardening for porous materials using the same
principal of [9]. Another analytical function, for spherical void
in a spherical volume element, proposed by [11]. considering
incompressible isotropic and kinematic hardening matrix
material. They proposed an extension of GTN model. Later, the
same principle is used by [12]; [13] and [14]. They studied the
evaluation of the yield surface of porous materials, using
elementary volume element containing one void, using finite
element method. A three - dimensional unit cell, with one void,
is simulated by [15] considering void growth in ductile
materials. [16] compared their calculation of a unit cell with
Gurson and the porous metal plasticity model (LPD) with
considering hardening, using continuum damage mechanics.
[17] discussed the general effects of porosity on the mechanical
behavior (tensile, fatigue) of a specific composite. Focused on
the discussed studies the calculation of a unit cell and some
evaluation of damage under cyclic loading with hardening, and
they discussed the loading stories.
The interested point in this study is to propose analytical
equation which is able to describe macroscopic hardening
properties for porous materials under simple tension. A
plasticity formulation can have a variety of yield criteria, time
independent or time dependant flow, isotropic hardening. The
used isotropic hardening model for matrix phase here is linear
isotropic hardening as in equation 1. And for non linear
hardening, the most commonly equations used for isotropic
hardening are power law (Ludwik law), equation 2, and the
exponential law (Voce law), equation 3; which were equations
used recently by several authors, see e.g. [18], [2], [19], [16]
[20], [12], [13], [21, [22], [23], [24] and [25]. Linear and non
linear evolutions of isotropic hardening, for the matrix phase
only, can be calculated according to the equations below,
power law or exponential law, respectively:

 Y   o  H p

(1)

 Y   o  H ( p ) b

(2)

 iso   eq   Y

(4)

 eq has the same scalar measure of the von Mises stress
equivalent, equation 6.
We considered here that the material used is a plastic
porous with porosity f. The deviatory von Mises equivalent
stress  eq and the hydrostatic part of the macroscopic stress
tensor

 m are :

   22   33
1
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3
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p

(3)

For porous materials, we considered that the matrix phase is
obey Voce law of isotropic hardening, where  Y is the
macroscopic uni-axial stress, Q corresponds to the amplitude of
the exponential function (saturation hardening, positive or
negative). b denoted the coefficient of decay (rate of saturation
hardening). H is material parameter (plastic hardening
p
modulus),  represents the microscopic equivalent plastic
strain and  o the initial yield stress of the pure matrix. Q and
b can be adjusted to a given material. The sum of Q and  o is
denoted as the maximal yield surface radius in deviatory stress
space. b governs the shape of the hardening curve between the
lower  o and the upper (  o + Q ) bounds. Increasing the value
of b leads to reach the upper bound faster, for Q  0 or b  0 ,
isotropic hardening does not occur. The variable p is the
cumulated plastic strain. Isotropic hardening is applied to the
yield as follows :

(6)

2

The equivalent plastic strain  can be determined
according to the equation below, see e.g. [26], [27], [28], [16],
[29], 14] and [12], [13]:
p

t

 p    p dt

(7)

t 0

 p 

2 p p
ij ij
3

(8)

p
t represents time and  is plastic strain rate.

Several authors used the same principal of Voce law for
hardening and they proposed the material parameters ( Q , b)
for different materials and composites, see e.g. [30], [20], [21],
[22], [23], [31], [24], [25] and [32]. From equation 3, the
relation between the equivalent stress and the equivalent strain
or multi component strain hardening model can be expressed
as:

eq   o   Qi (1  ebi  )
p

 Y   o  Q(1  e b )

(5)

(9)

i

see e.g. [33] and [30].
In this study, we propose a new general analytical model
which it can be used for different porous materials and
different porosities, using numerical calculations of finite
element methods for a three dimensional representative volume
elements. The motivation of proposing this analytical model is,
as we mentioned, there are a lot of studies about isotropic
hardening for materials and composites as well as the
mentioned papers, see e.g. [34], [35], [36], [37], [38] and [39],
but there is few studies about isotropic of porous materials
which also an important subject. We studied this subject and
we proposed an analytical model for isotropic porous
hardening.
The purpose of this paper is to introduce an analytical
model to predict macroscopic behavior for porous materials by
considering isotropic hardening in the matrix phase. Through
performing numerical finite element results of a sufficiently
large three dimensional representative volume element of
porous material. The considered volume contains 200
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randomly distributed identical spherical voids. An elementary
volume element, with one centered spherical void, is also used
in the finite element simulation. The proposed analytical model
is an extension of the exponential law for isotropic hardening
of pure matrix. We proposed this macroscopic model based on
the numerical calculations of 3D RVE finite element method.
The numerical results are obtained in case of simple tension
tests for different porosities considering isotropic hardening in
the matrix phase. In the future work we consider cyclic loading
(tension-compression) and we test the model under triaxial
loading.
The present paper is organized as follows, in section 2, we
present the investigated microstructure and the computational
method and the proposed analytical model. The results are
presented and discussed in section 3. Some concluding remarks
are given in section 4.

II.

distributed. The microstructure is plastic matrix with random or
periodically distribution of voids, through studying RVE,
containing 200 randomly distributed voids or elementary
volume element contains one centered void respectively, see
Fig 1. The Young’s modulus of the matrix E  1550MPa and
the Poison ratio   0.4 are assumed. The saturation hardening
Q  200 and the rate of saturation hardening b  10 , which
supposed to obey the von Mises plasticity model with initial
yield stress  o  245MPa is performed, considering that there
is isotropic hardening, and there is no overlapping between the
voids, while the random distribution of 200 voids in an RVE
represents random microstructure and elementary volume
element which contains only one void represents a periodic
microstructure. Three groups of tests are performed. The values
of matrix and voids parameters of the RVE that used in all
numerical experiments well explained in table 1, 2 and 3.

THE REPRESENTATIVE VOLUME ELEMENTS

First, Representative volume elements (Generate of RVE).
The representative volume element (RVE) with 22%, 12% of
spherical voids and 15% of elliptical voids have been used and
total of 3 groups of numerical tests (33 tests for each group)
were curried out, the RVE model illustrated in Fig 1. three
dimensional RVE was used with a fine meshing.

Parameter
Test
no.

0
1
2
3
4
5
6
7
8
9
10

Perfect plasticity phase (matrix)
No hardening
Elastic
Poisson’ratio Effictive
Modulus
νem
Yield
Eem (MPa)
Stress
(MPa)

1550
1550
1550
1550
1550
1550
1550
1550
1550
1550
1550

TABLE I.

Test
no.

NUMERICAL EXPERIMENTS

A.

Finite Element Modeling
We presented the procedure of creating 3D RVE with FE
mesh for porous materials. Indicating materials properties to
the components, which are the essential steps toward
presenting the modeling and the numerical analysis. The
procedure for defining boundary conditions is explained. The
mesh size and the steps of the calculation for different
microstructures and different volume fractions explained in
details in this section.

B. Microstructure and mechanical behavior
Materials considered in this study are made of plastic
matrix containing identical spherical voids randomly

245
250
255
260
265
270
275
280
285
290
290

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
1550

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.4

VALUE OF MATRIX AND VOIDS PARAMETERS FOR POROUS
MEDIA GROUP NO. 1, (33) TESTS, 12%, 22% SPHERICAL,
AND 15% ELLIPTICAL VOIDS . EFFECTIVE YIELD STRESS IS
VARIABLE.
Parameter

Figure 1. Example RVE of porous material with 22% porous volume
fractions

III.

0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

void phase, inclusions
spherical and elliptical
Elastic
Poisson’s
Modulus
ratio νA
Eev (MPa)

0
1
2
3
4
5
6
7
8
9
10

void
phase, inclusions
spherical and
elliptical

Plasticity phase (matrix)
Linear hardening phase
Elastic
Modulus
Eem
(MPa)

Poisson’s
ratio νem

Effictive
Yield
Stress
(MPa)

linear
hardening
coefficient

Elastic
Modulus
Eev
(MPa)

Poisson’s
ratio νA

1550
1550
1550
1550
1550
1550
1550
1550
1550
1550
1550

0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

245
245
245
245
245
245
245
245
245
245
245

2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
2900

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
1550

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.4

TABLE II.

VALUE OF MATRIX AND VOIDS PARAMETERS FOR POROUS
MEDIA GROUP NO. 2, (33) TESTS, 12%, 22% SPHERICAL,
AND 15% ELLIPTICAL VOIDS . LINEAR HARDENING
COEFFICEINT IS VARIABLE.
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Parameter

Test
no.

0
1
2
3
4
5
6
7
8
9
10

void
phase, inclusions
spherical and
elliptical

Plasticity phase (matrix)
linear hardening phase
Elastic
Modulus
Eem
(MPa)

Poisson’s
ratio νem

Effictive
Yield
Stress
(MPa)

linear
hardening
coefficient

Elastic
Modulus
Eev
(MPa)

Poisson’s
ratio νA

1550
1550
1550
1550
1550
1550
1550
1550
1550
1550
1550

0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

245
250
255
260
265
270
275
280
285
290
290

2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
1550

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.4

TABLE III.

VALUE OF MATRIX AND VOIDS PARAMETERS FOR POROUS
MEDIA GROUP NO. 1, (33) TESTS, 12%, 22% SPHERICAL,
AND 15% ELLIPTICAL VOIDS . EFFECTIVE YIELD STRESS IS
VARIABLE.

C. Boundary conditions
Another issue for numerical tests after generating the RVE
is the boundary conditions (BC); choosing the correct BC leads
to the correct results. The BC for the total numerical tests in
this work were taken as simple as possible; by fixing a plane in
the loading direction (example plane 1), and fixing one point in
all directions (example point o) to prevent the displacement in
any direction and the other plane remain as free, With fixing
the second point in one perpendicular directions to loading
direction, (example point b in Z direction) so as to prevent
rotation [5]. This procedure well explained in Fig. 2.
For a uni-axial tensile loading in the x direction,
prescribed these conditions as follows:
u plane  x  0, y, z   0

v point O  0, 0, 0   0

u plane  x  l , y, z   

w point O  0, 0, 0   0

v point A  0, 0, l   0

w point B  0, l , 0   0

D. Materials and approach
Before you begin In the numerical experiments for porous
media with randomly distributed spherical voids, two phases
(spherical voids and perfect plastic matrix) and the properties
of the materials are indicated in table 1, 2 and 3. So as to
examine the efficiency of the approach 10 numerical tests have
been curried out for each volume fraction 12%, and 22%
spherical voids and 15% elliptical voids. Very good results and
the same relationships were obtained from all volume fractions.
IV.

RESULTS AND DISCUSSION

A. Relationship between the effective yield stress of the
perfect plastic matrix and the porous media
Estimating the relationship between the effective yield
stress of the perfect plastic matrix and porous media is very
important. For 10 different effective yield stress matrix with
same volume fractions of voids 12%, and 22%, we obtained the
following mathematical linear relationship: if σ ep = porous
media effective yield stress, σem = matrix effective yield stress,
and νfm = matrix volume fraction. All the tests were done with
fixing all parameters for the voids and matrix while only σem
effective yield stress of the matrix has been changed in each
test and σep, porous media effective yield stress has been found
in each time. Based on the above numerical tests the following
mathematical relationship has been found:

 ep   em  v fm

Noted that about less than 5% error, as explained in Fig 3, 4
and 5.

Perfect plastic matrix

 ep   em  v fm
(10)

in which, u , v and w are the applied displacements in
the x , y and z directions, l is the RVE length and d is the
prescribed displacement.

(11)

Porous media, σem = 245, 250, …, 290

Error
%
0.943
0.943
0.943
0.943
0.943
0.943
0.943
0.943
0.943
0.943

Figure 3. Relation between effective yield stress of the perfect plastic matrix
and porous media for 22% spherical voids.

Figure 2. Boundary conditions description of the RVE that used in all the
experiment
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Perfect plastic matrix

 ep   em  v fm
Plastic matrix with
linear hardening

Porous media, σem = 245, 250, …, 290

 ep   em  v fm
Porous media, αem = 2000, 2100, …, 3200

Figure 4. Relation between effective yield stress of the perfect plastic matrix
and porous media for 12% spherical voids

Figure 6. Relation between linear hardening coefficient of the matrix and

.

porous media for 22% spherical voids .
Perfect plastic matrix

 ep   em  v fm

Plastic matrix with
linear hardening

Porous media, σem = 245, 250, …, 290

 ep   em  v fm
Porous media, αem = 2000, 2100, …, 3200
Figure 5. Relation between effective yield stress of the perfect plastic matrix
and porous media for 15% elliptical voids.

B. Relationship between the linear hardening coefficient of
the perfect plastic matrix and the porous media
Estimating the relationship between the linear hardening
coefficient of the perfect plastic matrix and porous media is
very important. For 10 different linear hardening coefficient for
the matrix with same volume fractions of voids 12%, and 22%,
we obtained the following mathematical linear relationship: if
αep = porous media linear hardening coefficient, αem = matrix
linear hardening coefficient, and νfm = matrix volume fraction.
All the tests were done with fixing all parameters for the voids
and matrix while only αem linear hardening coefficient of the
matrix has been changed in each test and αep, porous media
linear hardening coefficient has been found in each time. Based
on the above numerical tests the following mathematical
relationship has been found see Fig 6, 7 and 8:

 ep   em  v fm

(12)

Figure 7. Relation between linear hardening coefficient of the matrix and
porous media for 12% spherical voids.

Plastic matrix with
linear hardening

 ep   em  v fm
Porous media, αem = 2000, 2100, …, 3200

Figure 8. Relation between linear hardening coefficient of the matrix and
porous media for 15% elliptical voids.
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C. Relationship between the effective yield stress of the
plastic matrix and the porous media during linear
hardening.
Estimating the relationship between the effective yield
stress of the plastic matrix and porous media is very important
during the linear hardening. For 10 different effective yield
stress matrix with same volume fractions of voids 12%, and
22%, and the same linear hardening coefficient we obtained the
following mathematical linear relationship: if σep = porous
media effective yield stress, σem = matrix effective yield stress,
and νfm = matrix volume fraction. All the tests were done with
fixing all parameters for the voids and matrix while only σem
effective yield stress of the matrix has been changed in each
test and σep, porous media effective yield stress has been found
in each time. Based on the above numerical tests the following
mathematical relationship has been found:

 ep   em  v fm

Plastic matrix with
linear hardening

 ep   em  v fm
Porous media, αem = 2500
σem = 245, 250, …, 290

Figure 10. Relation between effective yield stress of the plastic matrix and
porous media for 12% spherical voids, with linear hardening operation.

(13)
Plastic matrix with
linear hardening

During the linear hardening operations.
We noted that there is a significant relations between the
effective yield stress of the perfect plastic matrix and porous
media with linear hardening. Noted that about less than 5%
error, as explained in Fig 9, 10 and 11.

 ep   em  v fm
Porous media, αem = 2500
σem = 245, 250, …, 290

Plastic matrix with
linear hardening
Figure 11. Fig 5c Relation between effective yield stress of the plastic matrix
and porous media for 15% elliptical voids, with linear hardening operation.

 ep   em  v fm

V.

Porous media, αem = 2500
σem = 245, 250, …, 290


Figure 9. Relation between effective yield stress of the plastic matrix and
porous media for 22% spherical voids, with linear hardening operation.

CONCLUSIONS

A three dimensional micromechanical finite element
formulation was implemented for the efficient computation of
effective yield stress of a volume fraction 12% and 22%
volume fractions of spherical voids and volume fraction of
15% for elliptical voids for porous media. In order to model
and analyze the relationship between the linear hardening
coefficients and effective yield stress for each matrix and
porous media, a cubic three dimensional representative volume
was used, the nano-spherical voids and nano-elliptical voids
were simulated as a second phase while the matrix was
regarded as perfect plastic phase and with linear hardening in
the second group of tests.
Thee mathematical models are proposed here to predict the
properties of porous media based on the void content and the
properties of the matrix in the case of perfect plastic matrix and
with linear hardening.
The main advantages of the present models are; the relation
between the linear hardening coefficient and effective yield
stress of matrix and porous media can be determined, which
were well explained in this paper.

1st International Conference on Engineering and Innovative Technology, SU-ICEIT 2016, April 12-14, 2016, Salahaddin University-Erbil, Kurdistan, Iraq

REFERENCES
[1]

[2]
[3]

[4]

[5]

[6]
[7]
[8]

[9]

[10]
[11]

[12]

[13]
[14]

[15]
[16]

[17]
[18]
[19]

[20]

[21]

A. L. Gurson, “Continuum theory of ductile rupture by void nucleation
and growth: Part I - Yield criteria and flow rules for porous ductile
media,” J. Eng. Mater. Technol. vol. 99, pp. 2–15, Jan 1977.
J. C. Simo, and T. J. R. Hughes, “Computational Inelasticity,” Springer,
New York, 1998.
L. Sanavia, B.A. Schrefler, E. Stein, P. Steinmann, “Modelling of
localisation at finite inelastic strain in fluid saturated porous media,”
Proc. IUTAM Symp. on Theor. and Num. Methods in Continuum Mech.
of Porous Materials, W. Ehlers eds., Kluwer Academic Publishers, pp.
239-244, 2001.
E. Meroi, B.A. Schrefler, O.C. Zienkiewicz, “Large Strain Static and
Dynamic Semi- Saturated Soil Behaviour, ” Int. J. Num. Analytical
Methods Geomech. vol. 19, 2, pp. 81-106, 1995.
Y. K. Khdir, T. Kanit, F. Zaïri, M. Naït-Abdelaziz, “Computational
homogenization of elastic-plastic composites,” Int. J. Solids Struct. vol.
50, pp. 2829-2835, April 2013.
V. Tvergaard, “On localization in ductile materials containing spherical
voids, ” Int. J. Fract. Vol. 18, pp. 237-252, 1982.
V. Tvergaard, A. Needleman, “Analysis of the cup-cone fracture in a
round tensile bar,” Acta Metall. vol. 32 (1), pp. 157-169, Jan 1984.
M. E. Mear, J. W. Hutchinson, “Influence of yield surface curvature on
flow localization in dilatant plasticity,” Mech. Mater., vol. 4, pp. 395407, 1985.
R. Becker, A. Needleman, “Effect of yield surface curvature on necking
and failure in porous plastic solids,” J. Appl. Mech., vol. 53, pp. 491499, 1986.
M. Ristinmaa, “Void growth in cyclic loaded porous plastic solid,” Int.
J. Plast. vol. 11, pp. 163-181, 1997.
J. B. Leblond, G. Perrin, J. Devaux, “An improved Gurson-type model
for hardenable ductile metals,” Eur. J. Mech. A\Solids. vol. 14, pp. 499527, 1995.
T. Seifert, I. Schmidt, “Line-search methods in general return mapping
algorithms with application to porous plasticity,”. Int. J. Num. Meth.
Engng. vol. 73, pp. 1468-1495, 2008.
T. Seifert, I. Schmidt, “Plastic yielding in cyclically loaded porous
materials,” Int. J. Plast. vol. 25, pp. 2435-2453, 2009.
C. Jin, J. Niu, S. He, C. Fu, “Modeling thermal cycling induced microdamage in aluminum welds: an extension of Gurson void nucleation
model,” Comp. Mater. Sci. vol. 43, pp. 1165-1171, 2008.
M. Kuna, S. Z. Sun, “Three-dimensional cell model analyses of void
growth in ductile materials, ” Int. J. Fract. vol. 81, pp. 235-258, 1996.
D. Steglich, A. Pirondi, N. Bonora, W. Brocks, “Micromechanical
modelling of cyclic plasticity incorporating damage,” Int. J. Solids
Struct. vol. 42, pp. 337-351, 2005.
N. Chawla, X. Deng, “Microstructure and mechanical behavior of
porous sintered steels,” Mater. Sci. Engng. A vol. 390, pp. 98-112, 2005.
J. L. Chaboche, “Time-independent constitutive theories for cyclic
plasticity,” Int. J. Plast. vol. 2, pp. 149-188, 1986.
I. Doghri, “Mechanics of Deformable Solids: Linear, Nonlinear,
Analytical and Computational Aspects,” CESAME, Spriner, Berlin
2000.
S. Allian, O. Bouaziz, “Microstructure based modeling for the
mechanical behavior of ferrite-pearlite steels suitable to capture isotropic
and kinematic hardening,” Mater. Sci. Engng. A. vol. 496, pp. 329-336,
2008.
P. R. Rui, .R. Cardoso. J. W. Yoon, “Stress integration method for a
nonlinear kinematic/isotropic hardening model and its characterization
based on polycrystal plasticity,” Int. J. Plast. vol. 25, pp. 1684-1710,
2009.

[22] A. Taherizadeh, A. Ghaei, D. E. Green, .W. J. Altenhof, “Finite element
simulation of springback for a channel draw process with drawbead
using different hardening models,” Int. J. Mech. Sci. vol. 51. Pp. 314325, 2009.
[23] J. Cao J, W. Lee, HS. Cheng, M. Seniw, H.P. Wang, K. Chung,
“Experimental and numerical investigation of combined isotropickinematic hardening behavior of sheet metals,” Int. J. Plast, vol. 25 (5),
pp. 942- 972, 2009.
[24] S. Y. Leu, R. S. Li, “Exact solution of sequential limit analysis of
pressurized cylinders with combined hardening based on generalized
Hölder inequality: Formulation and validation,” Int. J. Mech. Sci, vol.
64, pp. 47-53, 2012.
[25] A. Chaaba, “Reliability assessment by analytical calculation of the
plastic collapse load of this pressure vessels with strain hardening and
large deformation,” Thin-Walled Struct. vol. 62, pp. 46-52, 2013.
[26] V. A. Buryachenko, “The overall elastoplastic behavior of multiphase
materials with isotropic components,” Acta Mech. vol. 119. Pp. 93-117,
1996.
[27] J. Sorić, Z. Tonković, W. B. Krätzig, “A new formulation of numerical
algorithms for modeling of elastoplastic cyclic response of shell-like
structures,” Comp. Struct. vol. 78, pp. 161-168, 2000.
[28] J. Besson, C. Guillemer-Neel, “An extension of the Green and Gurson
models to kinematics hardening,” Mech. Mater. vol. 35. PP-1-18, 2003.
[29] J. L. Chaboche, “A review of some plasticity and viscoplasticity
constitutive theories,” Int. J. Plast. vol. 24, pp- 1642-1693, 2008.
[30] C. L. Chow, X. J. Yang, “Prediction of forming limit diagram with
mixed anisotropic kinematic-isotropic hardening plastic constitutive
model based on stress criteria,” J. Mater. Proces. Technol., vol. 133, pp.
304-310, 2003.
[31] G. Rousselier, F. Barlat, J. W. Yoon, “A novel approach for anisotropic
hardening modeling. Part II: Anisotropic hardening in proportional,” Int.
J. Plast. vol. 11, pp. 163-181, 2010.
[32] Y. K. Khdir, T. Kanit, F. Zaïri, M. Naït-Abdelaziz, “Computational
homogenization of plastic porous media with two populations of voids,”
Mater. Sci. Engng. vol. 597, pp. 324-330, 2014.
[33] O. G. Lamedo, O. S. Hopperstad, M. Langseth, “An evaluation of yield
criteria and flow rules for aluminium alloys,” Int. J. Plast. vol. 15, pp.
191-208, 1999.
[34] Y. K. Khdir, T. Kanit, F. Zaïri, M. Naït-Abdelaziz, “A computational
homogenization of random porous media: Effect of void shape and void
content on the overall yield surface,” Eur. J. Mech. A/Solids. vol. 49, pp.
137-145, 2015.
[35] A. S. Khan, K. M. Jackson, “On the evolution of isotropic and kinematic
hardening with finite plastic deformation Part I: compression/tension
loading of OFHC copper cylinders,” Int. J. Plast. vol. 15, pp. 1265-1275,
1999.
[36] A. Vareene, L. Dubar, A. Dubois, M. Dubar, J. Odin, “Hardening
behavior law versus rigid perfectly plastic law: application to a cold
forging tool steel,” Int. J. Plast. vol. 18, pp. 997-1011, 2002.
[37] A. R. Khoei, A. R., Azami, “A single cone-cap plasticity with an
isotropic hardening rule for powder materials,” Int. J. Mech. Sc. vol. 47,
pp. 94-109, 2005.
[38] B. Berisha, P. Hora, A. Wahlen, L. Tong, “A combined isotropickinematic hardening model for the simulation of warm forming and
subsequent loading at room temperature,” Int. J. Plast. vol. 26, pp. 126140, 2009.
[39] A. Kossa, L. Szabό, “Exact integration of the von Mises elastoplasticity
model with combined linear isotrpoc-kinematic hardening,” Int. J. Plast.,
vol. 25, pp. 1083-1106, 2009.

