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ABSTRACT Many engineering systems incorporate viscoelastic membranes of different geometries and boundary
conditions experiencing large deformations. This paper presents a formulation based on the theory of nonlinear
viscoelasticity. First, the kinematics of membrane deformation is expressed in three-dimensional space, and then the
viscoelastic formulation for membranes is obtained based on the multiplicative decomposition of the tensor of
deformation gradient. Also, the right Cauchy—Green viscoelastic tensor is considered as an internal variable. To solve the
integration of evolution equation, a predictor-corrector method is used. Finally, due to the nonlinearity of the equations
governing the problem, a nonlinear finite element formulation is derived. To check the effectiveness of the obtained
formulation, several problems are studied. The comparisons show that the results of this formulation are in good
agreement with the analytical and experimental results in the literature. It is shown that the current simplified viscoelastic
model can successfully predict the results in the literature with more complicated viscoelastic models. Moreover, it is
proven that the present model can predict the experimental data with just four material parameters, while the previous
models should employ 12 material parameters. Therefore, the model presented in this paper is capable of predicting the
experimental results more accurately with fewer material parameters.
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1 Introduction on the large deformations in viscoelastic membranes [17].

Some studies have focused on the finite deformation of

Structures have crucial role in several industries [1,2].
Membranes have many applications in medical [3,4],
mechanical [5,6], aerospace [7,8] and civil sciences
[9,10]. In general, membranes have very high tensile
strength, while their endurance to bending loads is
negligible [11-13]. In several applications, the
membranes are made of rubber-like materials which are
subject to the large deformations [14,15]. The analysis of
membrane deformations is essential in engineering,
particularly in studying rubber membranes that can
undergo significant deformations over time [16]. While
there has been extensive research on the behavior of
elastic membranes, there is limited information available
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liquid capsules enclosed by elastic membranes under
simple shear flow [18,19]. These studies have
emphasized the importance of nonlinear effects resulting
from finite deformation and the continuous elongation of
capsules when exposed to shear stress. Furthermore, the
application of membranes in bioengineering is evident in
the research on the tympanic membrane, where a
viscoelastic model has been proposed to model large
deformations [20]. Finite elastic deformations of
membranes have been subject of many investigations.
The finite element (FE) method is also a powerful tool in
investigating large deformations of membranes and has
been used in some studies such as Ref. [21]. To study
viscoelastic membranes, Feng and Huang [22]
investigated the behavior of circular membrane based on
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Christensen’s viscoelastic model, which is the simplest
viscoelastic model for large deformations. The
investigation of large deformations in membranes serves
as the foundation for studying the viscoelastic model
applied to the tympanic membrane [23]. Additionally, the
utilization of viscoelastic models has been extended to
simulate two-phase flows involving a deformable body
with a viscoelastic membrane [24]. There has been also a
development of a robust method for fluid-structure
interaction involving membranes experiencing large
displacement and added-mass effects [25]. The
viscoelastic model on the fractional order viscoelastic
model for stress relaxation of polyvinyl chloride
geomembranes has been discussed in Mierunalan et al.
[26], and Zhang et al. [27], highlighting the importance of
exploring advanced viscoelastic models to understand
membrane behavior under deformation. Furthermore,
there is other study on Boltzmann simulation of two-
phase flows with a deformable body and viscoelastic
membrane [28], emphasizing the significance of
numerical methods in studying membrane behavior. van
Chung [29] used exact geometry to form the exact
description of the circular defining curve and FE shape
function to approximate the defining curve and verified
the model with elasticity problems.

Bhandarkar et al. [30] developed a theory for viscoe-
lastic behavior of polyimide membranes at both room and
deep cryogenic temperatures. This enabled a quantitative
specification of the behavior of these films. In the field of
viscoelastic materials, Ghosh et al. [31] conducted a study
that introduced a mathematical formulation utilizing
tensor algebra and fractional calculus to determine the
three dimensional (3D) complex modulus of various
viscoelastic models, including Kelvin—Voigt and
Maxwell arrangements. Their research presented
advanced formulations that can enhance the modeling of
viscoelastic materials in FE analysis. Additionally, Geith
etal. [32] performed experimental and mathematical
characterization of polyamide-12 balloon catheter
membranes, revealing their semi-compliant, and
viscoelastic properties and providing insights into their
behavior in practical applications. Propagation and
attenuation of the Rayleigh and pseudo surface waves in
two types of viscoelastic seismic metamaterials was
studied by Cai et al. [33]. Firouzi [34] studied behavior of
nonlinear visco-hyper-hysteretic membranes. Nonlinear
vibration of viscoelastic plates using isogeometric
analysis was investigated by Shafei et al. [35]. Zhou et al.
[36] conducted research on modeling the viscoelastic-
viscoplastic behavior of glassy polymer membranes,
which may contribute to the understanding of non-
uniform sub-chains in entangled networks and its
potential impact on overall viscoelastic behavior in
membranes. Brighenti etal. [37] studied failure of
viscoelastic elastomers using phase field method.
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Recently, Khaniki and colleagues [38,39] provided two
comprehensive review articles on large dynamics of
hyperelastic structures as well as hyperelasticity with
application on mechanics and biomechanics. Amabili
[40] presented a comprehensive study on large nonlinear
deformations of shells, composites and soft tissues in his
book. In another study, Amabili [41] investigated
nonlinear damping from viscoelasticity on vibrations
using third-order harmonic balance method and compared
with experimental data on plates and shells. Khorasani
et al. [42] studied thermoelastic buckling of honeycomb
sandwich microplates using quasi three-dimensional
hyperbolic shear deformation theory. An isogeometric
analysis for of anisotropic variable angle composite plates
was done by Shafei etal. [43]. Study on coupled
hemispherical-conical-conical shell structures using first-
order shear deformation theory was performed by
Sobhani etal. [44]. Mercan etal. [45] inspected free
vibration of functionally graded annular composite plates.
Franchini et al. [46] proposed a quasi-static and dynamic
mechanical viscoelastic model experiment on 15 human
thoracic aortas.

Study through the literature shows that despite the
extensive study of the behavior of elastic membranes, the
analysis of large deformations of viscoelastic membranes
is limited to very few articles and in special cases such as
the axially symmetric state. In this paper, the hysteretic
effect is ignored, and a simplified efficient formulation is
developed to gain a comprehensive understanding of
viscoelastic membrane behavior under large deforma-
tions. The research contributes to the existing knowledge
gap by introducing an advanced nonlinear viscoelastic
model and utilizing the FE method. By integrating these
approaches, a thorough comprehension of membrane
behavior is achieved, overcoming limitations imposed by
geometry and loading conditions. It is also noteworthy
that in this work, a predictor-corrector method is
employed to deal with evolution equation resulting from
internal variable, in contrast to the Euler-Backward
method employed in Ref. [47].

The rest of the paper is organized as follows. The
kinematic quantities of thin elastomers are described in
Section 2. Afterwards, in Section 3, the nonlinear
viscoelastic formulation for elastomeric membrane is
derived. Section 4 is allocated to obtaining FE
formulation for addressing highly nonlinear formulations.
The predictor-corrector method for dealing with evolution
equation is discussed in Section 5. In Section 6, some
demonstrative problems are solved to investigate the
performance of derived formulation. Conclusion is
discussed in Section 7.

2 Kinematics of thin elastomeric materials

The kinematical quantities for thin elastomeric materials
are briefly described in this section. As depicted in Fig. 1,
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Fig. 1 A representation of membrane deformation.

a Cartesian system {x;, x,, x3} is defined with orthonormal
basis vectors {e;,e,,e;}. The location X of each point in
pre-deformation membrane may be defined as

X(m'.,m)=R@', ")+’ N, (1)

where R is the location vector of a point in the middle
plane, {5',n*,1°} are the coordinate system of the mid-
surface of the membrane, and N is the normal vector.

When the membrane is deformed, its new position is
obtained as follows

2

where r is the location vector in the middle plane of after
deformation and n is the vector perpendicular to it. Also,
A5 is the extension in thickness direction. Moreover, the
displacement vector is defined as ¢ = r — R and the tensor
of deformation gradient F in the membrane will be
calculated as follows

xm' ) = r(n' )+ (' ey’ ),

F=g,9G"+A;n®N, 3)

where g, and G*, @ =1,2, are the covariant and con-
travariant basis vectors in spatial and material configura-
tions, respectively. The right Cauchy—Green tensor C in
middle plane is expressed as

C:FTcmnﬁGfl®Gﬂ+C33N®N, (4)
where C,; are the components of right Cauhy—Green
tensor in the middle plane of the thin elastomer.

3 Derivation of viscoelastic formula for
elastomeric membrane

In this part, an efficient formula for finite deformations of
viscoelastic thin elastomers is obtained. The main basis of
this theory is the multiplicative decomposition of the
deformation gradient tensor into elastic and viscous
tensors [48]

F=FF". )
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Based on this decomposition, an internal variable
named H is defined as follows

H=FF,H =H. (©)

Moreover, incompressibility is assumed for both elastic
and viscous states, that is

det(F) = det(F°) = det(F*) = 1. @)
The strain energy density function is defined as follows
U=UC)+U"(C), C=F 'CF". ®)

Based on the Clausius—Planck inequality, it can be
written [49]

1. .
Dy=58:C-U>0. ©)

The superscript “-° indicates the time derivative and
D, = 0 is the internal loss and is defined as follows
dy

—.IH>O,

Z) int =
dH

(10)
where  is the dissipation potential. Finally, the
Clausius—Planck inequality can be re-arranged as

1. U\ . (oU dy\ .
S-——|:C-|=—=+-—=|:H>0.
(2s ac) ¢ (6H+ )H 0

dH
As a result, the second Piola—Kirchhoff stress tensor
and the inequality related to the growth of deformation
are extracted as follows

(11)

_ou o _9U%(C) o0 (C)
S_zéC_PC +2 3C +2 c (12)
(6—[.]+d—¢.'):H>0. (13)
0H dH

By performing calculations on Eq. (13), finally the
main form of the evolution equation is obtained as

follows [47]
dev{(w + d_‘?)H} -0,
o0H dH

(14)
where ‘dev’ represents the deviatoric part and is defined
as follows [50]

dev() = ()= 5O (15)
where 1 is the identity tensor. Assuming incompressibility

constraint, the general state of the evolution equation is
defined as follows
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dev{-( G + 1.5 e

oI° oI
L% e d—‘!.’H}:o. (16)
I dH

In most cases, the Newtonian fluid is assumed for the
viscous part, and in this case, the dissipation potential is
defined as follows

W = ktr(DY), (17)

where k is the viscosity and D' is the viscous
deformation rate tensor. Here, assuming the neo-Hookean
energy function for the viscous part, that is

0V (C) = “3(1? -3). (18)

The evolution function can be obtained as follows
.1 (1
H+—{§tr(H'C)H—C}=0, HO)=1, (19)
T

where 7= «/u" is called the relaxation time. It should be
noted that this is the simplest evolution equation that can
be calculated, it will be a nonlinear equation in terms of
internal variable H.

4 Finite element analysis

In this section, a Total Lagrangian FE formula is
obtained. The basis of the formulation is the use of the
virtual work principle, which is expressed as follows [51]

6Wim

= W, (20)

where 6W™ and W are virtual internal energy and

virtual external work, respectively, which can be
calculated as follows
swn = [ S:5Ldv,= | 6L'S av,,
Vo Vo

W= = | b-5qav, +g§A T-5qdA,, @1)

where p is the noncontact body force and 7 is the surface
traction acting on area A,. Besides, V, is the initial
volume, and L is the Green—Lagrange strain. The middle
surface of S, is discretized as S, ~ U™ S¢, where m
represents the total number of elements in the discretized
geometry. Then, the virtual strain approximation is
obtained as follows

6L="Biog =) (By+Bi)og,  (22)
I=1 1=1
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where ¢, is the displacement vector and the
strain—displacement matrices are obtained as follows
[ Nl,l 0
By=| 0 N,
,N 12 Nl,]
Ni1qi, Ni1q2,
B, = Ni2gi2 Ni2grn > (23)
| Niiqi2+Niagiy Niiqoo+Niago,

where N, is the shape function. As a result, the discrete
form of virtual internal energy will be as follows

W™= ALY Sqif fir= | BISav,, @4
-1 0

where f;™ is the internal force vector and AT, is an
operator that considers the effect of all elements. Also,
the discrete form of virtual work of external forces is
obtained as follows

e

6wext — A;n:| qu'lfflext: A;Ilzléqz ext
I=1

o = fva NbdV: + L N,TdA;, (25)
where f* is the external load vector per element. Finally,
by placing the obtained values for internal energy and
external work in the principle of virtual work, the
following relationship is obtained

R=ALR = AL ("~ f)=0. (26)

This relationship is a set of nonlinear equations based
on displacements, which is treated via the
Newton—Raphson method. The linearization format of
this relationship can be obtained by calculating the
growth of virtual energy

ASW™ = A™ f [((6L'AS + ASL'S)dVe
Ve

=AlL Z qu}K,_,AqJ =Al,6q,K.Aq.
=1 J=1 , (27)
where K, is the stiffness matrix of the element and Kj, is
the stiffness matrix in the IJ block, which can be
calculated from the following equation
K, = | (BCB,+G,)av;, (28)
Ve
where ¢ is the material matrix and G, is the geometry
part of the stiffness matrix. Finally, the linearized form of
the algebraic equations system willbe KAQ = A" | K,Aq, =
-R.
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5 Time integration method

In this section, to solve the evolution equation for internal
variable H, a predictor-corrector method is used. To do
s0, it is assumed that the parameters are known in time
step 7, and the method is employed to obtain the variable
in time t,,,. At predictor stage, the internal variable H is
predicted by Euler-backward method as follows

H(O)

A 1
n+l = H'l + _t {Cn - §tr(Hn1Cn)Hn} . (29)
T

Next, based on this prediction of H, the FE formulation
is solved and the approximation for total displacement
vector @ is obtained. In the corrector stage, the midpoint
rule is used as follows

At
1 _ (1)
H)\ = H,+ fc,+c,

1 1 ,
—gtr(H;lcn)H,,—gtr(H“) c“ﬁ)}H(” (30)

n+l n+ n+l*

In this case, the FE formulation is solved by new
corrected form of H, and new values for Q are derived.

6 Demonstrative examples

In this section, in order to validate the performance of the
formulas obtained in the previous sections, some
numerical examples are presented. All programming is
done in MATLAB software and four-noded elements
with 12 degrees of freedom are used to discretize the
geometry. Also, 2 x 2 Gauss—Logendre quadrature is used
to calculate all integrals.

6.1 Equibiaxial tension of a viscoelastic rubber membrane

In the first problem, the deformation of a rubber subjected

3.0
B
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to the equibiaxial tension is studied. Neo—Hookean
energy function for the elastic part and the viscous branch
are considered
U'=c(l,=3), U'=W"/2)U}-3). 3
Also, relaxation time 7 =1 s and material parameters
are referred to as ¢, = 0.5 MPa and " = 1 MPa and due to
symmetry, only one-fourth of the geometry will be
examined. The rubber is suddenly stretched to the tension
Ai=2A4,=15 and then kept in this position until it
relaxes. Convergence analysis shows that a 4 x 4 meshing
is enough to reach a converged response. The stress
parameters Py, /u and P,,/u are shown in Fig. 2(a), and
the inverse of the components for internal variable levels
of H™' are shown in Fig. 2(b). As can be seen, the results
of this modeling match well with the results of Refs. [50,
52]. It is necessary to explain that the model considered
in Ref. [52] is totally different from the model proposed
in this article. Moreover, in Ref. [50], the authors used
general nonlinear viscoelastic model, and used
trapezoidal implicit model for time integration. Besides,
in Ref. [52], the internal variable was the inverse of H
which led to completely different evolution equation for
the viscoelastic model. However, in this work, H is
considered as the internal variable and there is no need to
calculate the inverse of it. Hence, it decreases the
computational cost.

6.2 Viscoelastic rubber membrane subjected to simple
shear

In this example, shear of a viscoelastic rubber will be
analyzed. Following Ref. [53], a viscoelastic rubber made
of bromobutyl (BIIR) is considered. The rubber is
extended by simple shear method as far as 4, =2 via two
strain rates, 1, = 20%/min and A, = 5%/min which
means that for the first rate, the deformation occurs
between 0 <t < 300s and for the Ilatter one is

50+ er"".—A_._”_a_ ..... B AR
[ o
L X
40 L
i o ® Ref. [52]
3 I !
= 30F A Ref. [50
IR ef. [50]
\3:‘ i _-'/ — — — - Current study, H,}, Hy,
20k 4 }
- q_./ —=-=-= Current study, H3;
_'
1.0 (&
I
B A-“-\—I——AI——B—~£77A7—A.
T R AR B R
0 2 4 6 8 10
1(s)
(®)

Fig.2 (a) The nondimensional stress evolution for equibiaxial extension of the rubber; (b) inverse of the components of internal variable.
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0 <t < 1200s. Following Ref. [53], a hyperelastic
Mooney—Rivlin model of which material parameters are
¢, =79.11kPa and ¢, =8.73kPa for elastic branch is
considered. For viscous branch, a neo—Hookean model is
utilized as follows

U =ci(I,-3) +c,(I,-3), U" =

/27 =3).  (32)

Because the strain rate is different, consequently, the
relaxation time will be different, and 7=110s for the
first strain rate and 7=450s for the latter one are
adjusted. The results of the present approach are
compared against four integral-based viscoelastic models
including as  Bernstein—Kearsley—Zapas  (BKZ),
Christensen, Simo, Fosdick—Yu [54-57]). The curves of
stress versus strain values for integral-based viscoelastic
models and current differential-based nonlinear
viscoelastic theory are displayed in Fig. 3(a) for &=
20%/min and Fig. 3(b) for & = 5%/min. As can be seen,
the current model with only one viscoelastic strain energy
is able to predict the laboratory results better than the
previous models that considered four viscoelastic
branches. This example clearly shows the superiority of
nonlinear viscoelastic theory over linear viscoelastic
theory. To be more specific, the nominal stress values at
strains 0.2, 0.4, 0.6, 0.1, 1.0 are shown in Table 1 for ¢ =
20%/min and Table 2 for & = 5%/min. As can be deduced

020 ~ — —@- — Experiment, Ref. [53]
[ ———- Fosdick—Yu [57]
| ———— Simo[56] )
- ) A
_os ——e—i—ie — Christensen [55] f'/
] - 2
o |l — — — — BKZ[54] 7
= o
c - Current study /// £
» Pe ol 2
g P
=] e
= g
L 0.10 2%
R
g
s}
Z
0.05
0.00 { TN T N T TN T AN TN TR TN AN T TN T N T N
0.0 02 0.4 0.6 0.8 1.0

Strain

(a)
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from the results in the Tables 1 and 2, the values of
nominal stress from the current study are closer to the
experimental results in comparison to other models,
although just four material parameters are used in the
proposed model in comparison to 12 material parameters
for other ones.

6.3 Inflation and creep of clamped-clamped cylindrical
elastomeric membrane

In this example, inflation of clamped-clamped cylinder is
investigated. It is assumed that the elastic branch follows
the Mooney—Rivlin model, while the viscoelastic branch
follows the Neo—Hookean model as follows

U =c,(I,-3) +er(1L,=3), U= /2)I:-3). (33)

Following Ref. [58] for elastic problem, it is assumed
that the relation between material parameters and the
relation between radius and length are ¢, =0.1¢; and
L =06r,, respectively. In this example, the radius is
ro = 1 and the relaxation time is T = 20 s. Because of the
symmetry property, one-quarter of membrane is analyzed.
At first stage, it is assumed that the inflation procedure is
performed between 0 <¢< 100s as far as the maximum
deformation which occurs in the middle of cylinder at
point A reaches 4. Our numerical study shows that 6 x6

020 = — _m— — Experiment, Ref. [53]
s Fosdick—Yu [57]
| — — — — Simo[56]
015 | — — Christensen [55] /"/
= 0 7
e L — — — —BKZ[54] LT
& 7 77
< o Current study 4 /.4' 7
©» ~ vokd
8 K
5 il
2 010 P
g
S
Z
0.05
&
OAOO‘(IIIIIIIIIIIII'I"'
0.0 0.2 0.4 0.6 08 1.0

Strain

()

Fig.3 The nominal stress—strain curves of BIIR for different viscoelastic theories: (a) &£ = 20%/min and 7 =110s; (b) &= 5%/min and

7=450s.

Table 1 Values of nominal stress in MPa at different strains for & = 20%/min

Strain Stress
Experiment [53] Current study BKZ [54] Christensen [55] Simo [56] Fosdick—Yu [57]
0.2 0.0624 0.0567 0.0295 0.0337 0.0373 0.0440
0.4 0.1065 0.1009 0.0613 0.0652 0.0694 0.0857
0.6 0.1415 0.1376 0.0892 0.0948 0.1008 0.1242
0.8 0.1736 0.1733 0.1174 0.1263 0.1316 0.1623
1.0 0.2061 0.2085 0.1443 0.1648 0.1616 0.1984
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elements suffice to get converged results. However, a
mesh of 10X 10 elements is employed in this problem for
more accuracy. Figure 4(a) shows the curves of pressure
parameter p. = pro/c h, versus maximum deflection of
cylindrical membrane for different values of u'. As
shown, the result is coincident with the elastic result
reported by Ref. [58] for p¥ =0. In the next stage, the
creep phenomenon relaxation time 7 =40s is studied. It
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is assumed that the membrane nondimensional pressure
increases linearly during 0 << 10s until p =2.1, and
then is held constant to permit the membrane to creep
during 10 <7 <300s. The curves of creep of clamped-
clamped cylindrical membrane are displayed in Fig. 4(b)
for various values of u'. Furthermore, the deformation
profiles of membrane for miscellaneous time steps of
creep are portrayed in Fig. 5. Finally, the convergence

Table 2 Values of nominal stress in MPa at different strains for € = 5%j/min

Strain Stress
Experiment [53] Current study BKZ [54] Christensen [55] Simo [56] Fosdick—Yu [57]
0.2 0.0629 0.0594 0.0297 0.0325 0.0346 0.0437
0.4 0.1052 0.1003 0.0583 0.0629 0.0661 0.0814
0.6 0.1402 0.1371 0.0877 0.0916 0.0975 0.1192
0.8 0.1727 0.1729 0.1171 0.1248 0.1283 0.1566
1.0 0.2038 0.2069 0.1430 0.1615 0.1576 0.1912
25F 1.0
- B -
L C R
B B W 1
20 0.8 B T B
i g £ A
L kst L ,,a’__)k’;/‘_,o""
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r I r S8 e e o e
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Fig.4 (a) The curves of pressure parameter versus maximum deflection for different values of u"; (b) the creep curves of clamped-

clamped cylindrical membrane.
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Fig. 5 Creep profiles of clamped-clamped cylindrical membrane at some time stages: (a) t=0s; (b) t=10s; (c) 7=50s; (d) r=100s; (e)

t=200s; (f) t=300s.
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Fig. 6 (a) Convergence pressure parameter at maximum deflection equal to 1; (b) convergence of the maximum deflection at #=300s in

terms of number of elements.

analyses are done for inflation and creep procedures. For
inflation, the maximum deflection is considered to be 1,
and the convergence analysis shows that considering
10x 10 is enough for achieving converged results for
p. = pry/cihy for all values of u" (Fig. 6(a)). Moreover,
for creep phenomenon, the maximum deflection at point
A is considered, and the convergence is analyzed at time
t=300s. In this analysis, as displayed in Fig. 6(b), it is
concluded that a mesh of 100 elements is enough for
reaching converged results.

7 Conclusions

In this paper, an efficient nonlinear viscoelastic formula
for large deformation of thin elastomeric membranes is
derived. The basis of the derivation is multiplicative
decomposition of the tensor of deformation gradient into
elastic and viscous partitions. The right Cauchy—Green
deformation tensor in the viscous branch is considered as
internal variable, and the evolution equation are obtained.
To solve the evolution equation, a predictor-corrector
method is employed. Moreover, to deal with nonlinear
viscoelastic formulation, a FE method in Total
Lagrangian framework is derived. Finally, three examples
are solved to show the power of the derived model. The
findings of the present model can be mentioned as
follows.

1) In the first example, it is shown that the present
model is in excellent agreement with the results in
literature. Indeed, using predictor-corrector algorithm
gives faster convergence in comparison to common
Euler-backward and trapezoidal method.

2) In the second example, it is proven that the present
model can overcome the drawbacks of results obtained
from previous linear viscoelasticity theory and anticipate
the experimental results more accurately with fewer
material parameters. In fact, the present model which is a

simplified nonlinear model can predict the experimental
data with four material parameters by higher accuracy in
comparison to finite linear models with 12 material
parameters.

3) Moreover, in the third example, inflation, and
inflation-creep of a cylindrical elastomeric membrane is
studied, and it is shown that incorporating viscoelasticity
leads to requirement more pressure the reach the same
amount of maximum deflection.

In general, the proposed model in this paper which is a
simplified nonlinear viscoelastic model considering
neo—Hookean model for viscoelastic branch takes the
advantage of simplicity as well as predicting the
experimenal results with higher accuracy while uing
fewer material parameter. Moreover, using predictor-
corrector algorithm results in faster convergence in
comparison to common Euler-backward implicit method.
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