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Abstract. This work presents the constitutive modeling for the tear fracture and its mechanical behavior of
rubber with ﬁller particles. A continuum mechanics-based analytical model is developed here to predict the
mechanical properties of rubber with a suitably added ﬁller. The model is then validated with the experimental
results of the chloroprene and nitrile butadiene rubbers ﬁlled with different volume fractions of carbon black and
carbon nanoparticles, respectively. Further, the tear fracture phenomenon of the ﬁlled rubber is modeled
adopting a well-known Grifﬁth criterion based on the developed constitutive model. The aimed tear fracture
phenomenon is focused on a particular fracture test of mode-III, namely the trousers test, where two legs of a cut
specimen are pulled horizontally apart. The results show that the fracture toughness of the ﬁlled rubber increases
with the rise in the volume of ﬁller particles. In general, the developed model will be helpful to the researchers in
characterizing the material behavior of tires and other rubber-like materials.
Keywords. Continuum mechanics; constitutive modeling; elastomeric material; ﬁlled rubber; tear fracture;
fracture toughness.

1. Introduction
Rubber or rubber-like material is a long-chain polymer with
minor impurities of other organic compounds. A polymer
that exhibits rubber-like elasticity is also referred to as
elastomer, or sometimes rubber elastomer [1]. These rubber
elastomers have high availability, and low raw material cost
with the most desirable property of large deformations
under small stresses [2, 3]. Examples of such rubber elastomers are the chloroprene and nitrile butadiene rubbers
that can be reinforced with different volume fractions of
carbon and carbon nanotube particles, respectively, to alter
their material properties. Both unﬁlled and ﬁlled rubber
elastomers hold an important place within the rubber
industry, in high demand by manufacturers. The difference
between unﬁlled and ﬁlled rubber elastomers makes both
types useful for different applications. The polymeric or
elastomeric materials obey a continuum mechanics-based
hyperelastic theory in which the stress-strain relationship is
derived from a specially deﬁned strain energy density
function [4–8]. In general, polymeric materials have been
used in diverse applications such as vibration isolation,
structural bearings, tires, biomechanics, gaskets, engine
mounts, etc [9–12]. In addition, ﬁllers play vital roles in
transforming the desirable properties of polymers and
*For correspondence

decreasing the overall cost of their composites. Sometimes,
in various applications, the elastomers may get teared due
to some unknown reasons. Therefore, the study on the tear
fracture of the ﬁlled and unﬁlled rubber elastomers
becomes so essential in rubber-based product manufacturing industries.
To mention some earlier works on the ﬁlled rubber
elastomers, several researchers [13–15] have experimented
the elastomers with different volume fractions of ﬁller
materials. They observed the possibility of inducing elastomeric properties by varying the ﬁller particles’ volume
fraction, shape, and size. A further enhancement was also
acquired by the use of ﬁller materials with higher aspect
ratios, like short glass ﬁbers [16–20]. Such ﬁllers particles
include layered silicates and carbon nanotubes [21, 22].
Later, a limited number of authors, namely Reichert et al
[23], Farris [24] and Berriot et al [25] attempted the constitutive modeling developments of elastomers with ﬁller
particles. In line with that, Reichert et al [23] proposed a
double network-based model by writing the total stress as a
superposition of stresses of the individual networks to
describe ﬁlled elastomers. Next, Farris [24] modeled the
inﬂuence of vacuole formation on the response and failure
of ﬁlled elastomers providing a method for determining the
extent of microscopic failure within the material. Further,
Berriot et al [25] modeled elastomeric interaction with
ﬁllers based on the 1H-NMR unresolved nuclear magnetic
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resonance (NMR) experiments. He studied the effect of
ﬁller particles on the network structure of the elastomer
with chain mobility at the interface. Furthermore, Leonard
et al [26] reported a computational method to model the
polydimethylsiloxane (PDMS) elastomer with prototypical
added ﬁllers by excluding the presence of inter-phases and
occluded rubber mechanisms.
The present study aims to apply the constitutive modeling
results in the tear fracture phenomenon of rubber-like
materials with different volume fractions of ﬁller particles.
For the same, a particular fracture test, namely the trousers
test [27–29], is focused, wherein two legs of a cut specimen
are pulled horizontally apart. To the best of our knowledge,
an analytical modeling of the aimed tearing phenomenon of
ﬁlled elastomers is motivated here for the ﬁrst time in the
literature. However, a very few analytical works
[27, 28, 30, 31] on the tear fracture of rubber elastomers have
been performed, which are limited for the unﬁlled rubber
elastomers only. The utility of the hyperelastic constitutive
models is investigated here in predicting some features of
ﬁlled-rubber fracture of mode-III (tearing mode).
The organization of the paper is as follows. In section 2, a
constitutive model is developed to describe the nonlinear elastic
response of the various particle-reinforced rubber elastomers. In
section 3, the analytical and experimental results are compared
and analyzed. In section 4, the tearing phenomenon based on
trousers test for rupture is analytically modeled and analyzed.
Finally, section 5 concludes the article.

2. Constitutive modeling
In this section, an analytical model for the mechanical
behavior of rubber with ﬁller particle is developed. To
develop the same, a continuum mechanics-based hyperelasticity theory is adopted.

2.1 Problem description and material deformation
Consider a particle-ﬁlled rubber elastomer sample having
the dimensions ðL1 ; L2 ; L3 Þ in the reference conﬁguration b0
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shown in ﬁgure 1. A compressive force P is applied on the
rubber sample to deform the same for the deformation
analysis. The deformed rubber sample is now having the
dimensions ðl1 ; l2 ; l3 Þ in the current conﬁguration b. Herein,
the observations are being made on the macro-scale. The
material continua of a particle-ﬁlled rubber sample is
assumed to be incompressible, isotropic, and homogeneously ﬁlled with the ﬁller content. For a given deformation of an applied compressive force, the problem aims
to derive an expression of the constitutive relationship
between stress and deformation, including the volume
fraction of ﬁller particles following a classical continuum
mechanics-based approach.
The domain occupied in a 3-D space by a rubber sample
shown in ﬁgure 1 may be represented as
b0 ¼ ½X 2 R3 :

L1
L1
 X1  ;
2
2

b ¼ ½x 2 R3 :

l1
l1
 x1  ;
2
2

L2
L2
 X2  ;
2
2
L3
L3
 X3  ;
2
2
ð1Þ
l2
l2

 x2  ;
2
2
l3
l3
 x3  :
2
2

For a given reference b0 and current conﬁguration b
domains in the above equation (1), the stretches in the
principal direction may be deﬁned as
k1 ¼

l1
;
L1

k2 ¼

l2
;
L2

k3 ¼

l3
:
L3

ð2Þ

On using the incompressibility constraint k1 k2 k3 ¼ 1, the
principal stretches for an uniaxial compression of the rubber sample are given as
k1 ¼ k;

1
k2 ¼ pﬃﬃﬃ ;
k

1
k3 ¼ pﬃﬃﬃ ;
k

ð3Þ

where k denotes the stretch in the direction of applied load.
The deformation gradient tensor F and the corresponding
left-Cauchy green deformation tensor B ¼ FFT for an
uni-axial compression of the rubber sample having the

Figure 1. Schematic diagram of a rubber sample with ﬁller particles in undeformed and deformed conﬁgurations.
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deformation domain (1) in terms of principal stretches are
deﬁned as
2

k

6
60
6
F¼6
6
4
0

0
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pﬃﬃﬃ
k
0

0

3

7
0 7
7
7;
7
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k

2

k2

6
6
6
B¼6 0
6
4
0

0
1
k
0

0

3

7
7
0 7:
7
7
15
k

ð4Þ

In general, it is easier and convenient to use the left
Cauchy-Green tensor B compared to other measures of
deformation, as it is free from rigid body rotation.

82

On applying uni-axial compression boundary conditions,
i.e., S11 ¼ r, S22 ¼ S33 ¼ 0 in (7), the Cauchy or true stress
r in the applied load direction is obtained as


1
2
2
ð8Þ
r ¼ lð1  vf Þð1 þ 3:5vf þ 30vf Þ k  :
k
The above constitutive relation (8) represents a continuum
mechanics-based analytical model to predict the experimentally observed mechanical behavior of the ﬁller particles reinforced rubber elastomers.

3. Experimental validation of the model
2.2 Material modeling
To model the mechanical behavior of rubber with ﬁller
particles, we ﬁrst require an energy density function that
can capture the effect of ﬁller content on the shear modulus
of the rubber matrix. For the same, we use a strain energy
density function in line with the literature [32, 33] which
includes the volume fraction term of the ﬁller particles. The
expression of the Neo-Hookean type of strain energy density function is given as
l
W ¼ ð1  vf Þð1 þ 3:5vf þ 30v2f ÞðI1  3Þ;
2

ð5Þ

where vf , l, and I1 ¼ k21 þ k22 þ k23 are the volume fraction
of the added ﬁller particle in the rubber matrix, shear
modulus, and the ﬁrst invariant of the left-Cauchy green
deformation tensor B. So many energy functions exist to
model the material properties of rubber-like materials. Out
of these, the chosen Neo-Hookean energy density (5) has a
linear function of the ﬁrst strain-invariant only with a virtue
of mathematical simplicity that facilitates the analytic
solution of many fundamental boundary-value problems.
From the theory of hyperelasticity [34, 35], the Cauchy
stress tensor for a given strain energy density function W is
expressed as
S ¼ pI þ 2

oW
oW 1
B2
B ;
oI1
oI2

ð6Þ

where p is a Lagrange multiplier associated with the constraint of incompressibility and I1 , I2 are the ﬁrst and second invariants of the left-Cauchy green deformation tensor
B. On using the given ﬁller particle volume dependent
strain energy density function (5) in (6), the corresponding
principal Cauchy stress components are obtained as
S11 ¼ p þ lð1  vf Þð1 þ 3:5vf þ 30v2f Þk2 ;
1
S22 ¼ p þ lð1  vf Þð1 þ 3:5vf þ 30v2f Þ ;
k
1
S33 ¼ p þ lð1  vf Þð1 þ 3:5vf þ 30v2f Þ :
k

ð7Þ

In this section, the constitutive model presented in section 2
is compared and validated with the chloroprene and nitrile
butadiene rubbers data ﬁlled with different volume fractions of carbon and carbon nanotube particles, respectively.
It is also utilized in characterizing the mechanical behavior
of the same.

3.1 Model validation with chloroprene rubber
data ﬁlled with different percentages of carbon
black
To check the validity of the model (8) presented in section 2, we compare our theoretical ﬁndings with the
experimental work performed by Bergstrom and Boyce
[36]. He performed several compression tests to study the
stress-strain behavior of a chloroprene rubber at different
volume fractions of N600 carbon black. The testing was
done on a computer controlled Instron servo-hydraulic
uniaxial testing machine operating in strain control mode.
The tested specimens used were ASTM-sized, with a height
and diameter of 13 mm and 28 mm, respectively. We
analyze the experimental results [36] and obtain similar
ﬁndings analytically utilizing the developed model (8). To
compare analytical and experimental data, we plot and
validate the Cauchy stress versus stretch curves for a
chloroprene rubber with varied N600 carbon black ﬁller
content shown in ﬁgure 2.
By ﬁtting the model (8) with experimental data [36]
shown in ﬁgure 2, we tabulate the shear modulus l values
in table 1 at different percentages of carbon black added in
a chloroprene rubber. A well-known method of leastsquares [37] is adopted here for ﬁtting the model (8) with
experimental data [36]. In table 1, the carbon black content
variations from 0 to 7 %, 7 to 15%, and 15 to 25% lead to
an increase in the chloroprene rubber’s shear modulus
48.48% , 17.34%, and 0.52%, respectively. Consequently,
it is observed that the addition of the carbon particles in the
rubber matrix increases the shear modulus up to a certain
value. It is further observed from here that the percentage
effect of ﬁller content is more pronounced at a high stretch
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Figure 2. Validation of the model (8) with Bergstrom and Boyce
experimental data [36] for a chloroprene rubber ﬁlled with
different levels of N600 carbon black.

Table 1. Shear modulus values for a chloroprene rubber at different percentages of added carbon black ﬁller particles.
Carbon Black ðvf Þ
0%
7%
15 %
25 %

Shear Modulus (l)
330
490
575
578

kPa
kPa
kPa
kPa

R-square
–
0.9824
0.9512
0.9737

testing nanocomposite material was in the form of strips as
per the ASTM D 412-8a standards having length 0.3 m and
radius 0.15 m. The testing was done on a computercontrolled material testing machine (AMETEK, USA)
connected by a digital force gauge (Hunter Spring AC-CU
Force II, 0.01-Nresolutions) to estimate the forces. We
re-analyze the experimental results [38] and obtain similar
ﬁndings analytically utilizing the model (8). To make a
comparison between the analytical and experimental
results, we plot and validate the Cauchy stress versus
stretch curves for a nitrile butadiene rubber ﬁlled with
different levels of carbon nanoparticles shown in ﬁgure 3.
Following the method of least-squares [37], as mentioned
earlier, we tabulate the corresponding values of shear
modulus l in table 2 at different percentages of carbon
nanoparticles ﬁlled in a nitrile butadiene rubber. In table 2,
the carbon nanoparticles content variation from 0 to 0.7%
and 0.7 to 1.3% lead to an increase in the shear modulus of
the nitrile butadiene rubber 203% and 66.67%, respectively. Further, the carbon nanoparticles content variation
from 2 to 2.6%, 2.6 to 3.3%, respectively, observe 39.58%
and 7.46% increase in the shear modulus of the nitrile
butadiene rubber. Interestingly, the carbon nanoparticles
content variation from 0 to 3.3 % shows a jump in the shear
modulus by 1354 % theoretically. On the other hand, an
increase in shear modulus rate is observed low with
increasing the percentage content of carbon nanoparticles in
the nitrile butadiene rubber. Hence, the combined effect of
increasing the carbon nanoparticles along with the shear
modulus is studied underpin. Also, an increase in the
carbon nanoparticle content steepers the Cauchy stress-

20

3.2 Model validation with nitrile butadiene rubber
data ﬁlled with different percentages of carbon
nano particle

18

in MPa

16

Cauchy stress,

than a low stretch. Also, the variation of Cauchy stress with
the stretch is almost linear. However, the slope in each case
of different ﬁller particles is varied. Thus, the dependency
of the proposed model (8) is highly desirable on the shear
modulus of the speciﬁed rubber ﬁlled with carbon black.
Physically, an increase in the volume fraction of ﬁller
particles reduces the deformation tendency of polymeric
chains of rubber elastomers by decreasing the entropy level
of chains. These physical changes in the rubber elastomers
result in an enhanced shear modulus of the material.

14
12
10
8
6
4
2
0

To further assess the validity of the model (8), we compare
the analytical ﬁndings with the experimental work performed by Mahmoud et al [38]. He experimentally characterized the mechanical behavior of the nitrile butadiene
rubber (NBR) by adding carbon nanoparticles (CNPs). The

0 % CNP (Expt.)
0.7 % CNP (Expt.)
1.3 % CNP (Expt.)
2 % CNP (Expt.)
2.6 % CNP (Expt.)
3.3 % CNP (Expt.)
0 % CNP (Model)
0.7 % CNP (Model)
1.3 % CNP (Model)
2 % CNP (Model)
2.6 % CNP (Model)
3.3 % CNP (Model)
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1.6

1.8

2

Stretch ( )

Figure 3. Validation of the model (8) with Mahmoud et al.
experimental data [38] for a nitrile butadiene rubber (NBR) ﬁlled
with different levels of carbon nanoparticles (CNPs).
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Table 2. Shear modulus values for a nitrile butadiene rubber
(NBR) at different percentages of added carbon nanoparticles
(CNPs).
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l

B

c
A

C

D

Figure 4. Schematic diagram of trousers test specimen.

stretch curves, as shown in ﬁgure 3. This may be due to an
increase in the shear modulus of the rubber matrix. Physically, this means that the deformation tendency of polymeric chains in NBR reduces with an increase in the CNPs,
resulting in NBR being more stiffer. Furthermore, the
stretch abilities of the rubber are reduced signiﬁcantly in
line with the experimental data [38].

4. Tear fracture of ﬁlled rubber
In this section, a theoretical modeling framework is presented for the tear fracture of ﬁlled rubber at different ratios
of ﬁller particles. The aimed modeling framework is
inspired by an analytical treatment of a commonly used
trousers test for rupture [27, 28] to investigate the fracture
of elastomers. A well-known Grifﬁth criterion for the
failure of an elastomer outlined in [27] is adopted here. The
tearing phenomenon of ﬁlled rubber is investigated using
the trousers test for rupture utilizing the constitutive model
(8) presented in section 2. In general, the Grifﬁth criterion
talks about the tear behavior of the rubber in accordance
with the potential energy release rate as the crack grows in
the rubber elastomer [27, 39]. It was initially explored by
Irwin [40] for a plastic deformation of the metals. Later,
Rivlin and Thomas [41] extended the same for the analysis
of cut growth in a vulcanized rubber sheet.
Consider a test specimen having length l, width w,
thickness t as shown in ﬁgure 4 followed by the standards
mentioned in [27]. The specimen is then cut with a length c
along the axial direction. The position of the cut divides the
width of the specimen into two legs of width w1 and w2
(such that w ¼ w1 þ w2 , where w is the total width of the
specimen). In general, the position of the cut plays a vital
role in the test outcomes. Further, both the legs are clamped
and subjected to a constant tensile force F in the opposite
directions. The applied force F leads to deformation in
different regions of the test specimen shown in ﬁgure 2.
The force F is applied to region A, which leads region B in
a simple extension state. Next, region C describes a critical
region in which the tearing phenomenon is observed. At
last, region D shows the undeformed region. Later, the

applied tensile force F is intensiﬁed up to a catastrophic
increase in the crack length dc, which is recognized to
compute the tearing energy E relating to the critical driving
force.
Now, we examine region B for a simple extension case
and use the results in the earlier sections. Sawyers and
Rivlin [27] employed the Grifﬁth criterion [41] for the
failure to establish the following relation for the trousers
test


Fðk1 þ k2 Þ  t w1 Wjk¼k1 þ w2 Wjk¼k2 ¼ Et;
ð9Þ
where w1 and w2 are the widths of leg 1 and leg 2 of the test
specimen respectively, k1 and k2 are the principal stretches
of leg one and two respectively, t is the thickness, F is the
critical driving force, W is the potential energy function,
and E is the tearing energy. Deﬁning a dimensionless
quantity f to denote the position of cut, we have
w ¼ w1 þ w2 ;

f¼

w1
;
w

w2 ¼ ð1  fÞw;

and the relation (9) simpliﬁes to


Fðk1 þ k2 Þ  tw fWjk¼k1 þ ð1  fÞWjk¼k2 ¼ Et:

ð10Þ

ð11Þ

For the given data of w, t, E, f, and W, the corresponding
data of k1 , k2 and F may be obtained. Application of forces
on both the legs of the clamped specimen at equilibrium
condition generates the net force constraint in each leg that
must be equal. The force here in any rectangular section is
deﬁned as F ¼ S11 wt (where S11 is engineering stress), and
using the model (8), we may attain the stretch relationship
between both the legs for the employed energy density (5)
!
F
1
2
¼ fð1  vf Þð1 þ 3:5vf þ 30vf Þ k1  2
lwt
k1
! ð12Þ
1
2
¼ ð1  fÞð1  vf Þð1 þ 3:5vf þ 30vf Þ k2  2 :
k2
The relationship between stretches in both legs k1 and k2
using equation (12) at a middle cut position of the specimen
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f ¼ 0:5 is illustrated in ﬁgure 5. A simple straight line
curve (k1 =k2 ) with an inclination of 45o is noted here.
Interestingly, it is observed that the stretch relationship is
independent of the volume fraction of added ﬁller particles.
The volume fraction of added ﬁller particles affects only
the rubber stiffness and is independent of the cut position in
the region of stretches of legs 1 and 2. However, for cut
positions close to the edge, the value of stretch in leg 1
initially increases much faster than leg 2. Also, the cut
position decreases as the width of one leg decreases, and for
a smaller value of stretch in leg 2 (k2 ), a larger value of
stretch in leg 1 (k1 ) is recognized.
Now, we may rewrite the relation (11) for the given
energy density (5) to obtain the following trousers test of
rupture relationship in a non-dimensional form
F
1
ðk1 þ k2 Þ  ð1  vf Þð1 þ 3:5vf þ 30v2f Þ
lwt
2
2
1
½fðk21 þ 2k1
1  3Þ þ ð1  fÞðk2 þ 2k2  3Þ ¼

E
;
lw
ð13Þ

where F=lwt and E=lw represent the non-dimensional
critical driving force and non-dimensional fracture toughness, respectively. The critical driving force represents here
the force encountered due to induced stress in hyperelastic
rubber material. However, the fracture toughness describes
the ability of the ﬁlled rubber to withstand the tearing
energy before fracture, and it is evaluated in terms of the
stress intensity. The critical driving force variation with the
corresponding fracture toughness at different cut positions
is illustrated in ﬁgure 6 for an unﬁlled rubber elastomer

case (vf ¼ 0%). Herein, the critical driving force for a
known fracture toughness is lower at the nearby edge of the
test specimen. On increasing the fracture toughness, the
critical driving force gets enhanced with an increase in the
cut positions. At the same time, for a ﬁxed fracture
toughness, the different values of the critical driving force
are obtained on escalating the value f from 0.1 to 0.5.
Further, the critical driving force variation with the
corresponding fracture toughness at different volume fractions of ﬁller particles is illustrated in ﬁgure 7 for a ﬁlled
rubber torn at a ﬁxed position. Herein, signiﬁcant growth of
the critical driving force is observed with an increase in the
fracture toughness for varying the volume fraction of added
ﬁller particles from 0% to 12%. Also, the excitation of the
critical driving force is more pronounced for relatively
higher fracture toughness values. At a particular fracture
toughness (say E=lw ¼ 15) with a deﬁned cut position (say
f ¼ 0:1), shown in ﬁgure 7(a), the critical driving force
F=lwt data are obtained as 1.6, 1.7, 2, and 2.5 for the given
ﬁller volume fractions vf of 0%, 4%, 8%, and 12%,
respectively. Furthermore, an increase in the cut position
leads to a higher critical driving force, as shown in ﬁgures 7(b) and 7(c). For a given vf ¼ 8% volume fraction of
added ﬁller particles in the material, a 65% rise in the
critical driving force is noted for an increase in the cut
position from f ¼ 0:1 to f ¼ 0:5. Physically, an increase in
the volume fraction of ﬁller particles reduces the entropy
level of the chain network that stiffens the elastomer. This
reduced entropy structure of the elastomer resists tearing
and creates a higher critical driving force requirement.
Figure 8 shows the fracture toughness variation with the
cut position at different volume fractions of added ﬁller

30

Stretch of leg 1 ( 1)

25

20

15

10

=0.1
=0.3
=0.5

5

5

10

15

20

25

30

Stretch of leg 2 ( 2)

Figure 5. Relationship between stretch in legs 1 and 2 at
different cut positions f.

Figure 6. Critical driving force versus fracture toughness at
different cut positions f for an unﬁlled rubber elastomer
(vf ¼ 0%).

Sådhanå (2022)47:82

Page 7 of 9

(a)

(b)
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(c)

Figure 7. Critical driving force versus fracture toughness at different volume fractions of ﬁller particles vf for a ﬁxed cut position (a)
f ¼ 0:1, (b) f ¼ 0:3, and (c) f ¼ 0:5.

particles in the rubber matrix. Herein, increasing the volume of ﬁller particles in the rubber makes the fracture
toughness curve steeper with the cut position of the specimen. Also, an asymptotic nature of the curve is observed
when the cut position approaches to edge of the test specimen (f tends to zero). At a particular cut position (say
f ¼ 0:1) with a ﬁxed stretch in leg 2 (say k2 ¼ 2 or k ¼ 4),
a decrease of 56.6% for k2 ¼ 2 and 60.7% for k ¼ 4 in
fracture toughness is noted for a given variation of the
volume fraction of added ﬁller particles from vf ¼ 0% to
vf ¼ 12%. An inﬂuence of cut position f has a higher
impact on the fracture toughness than the volume fraction
of ﬁller particle, as we can note from equation (12).
Therefore, an increase in the cut position f reduces the

(a)

fracture toughness while increasing the volume fraction of
ﬁller particles.
Figure 9 describes the critical phenomena of a ﬁlled
rubber elastomer having ﬁxed cuts by varying the volume
fractions of added ﬁller particles on the fracture toughness
versus critical driving force plot. The obtained critical curve
here indicates the maximum fracture toughness of the
material for a given volume fraction of the ﬁller particles.
With an increase in the cut position, the material fracture
toughness rises signiﬁcantly along with the critical driving
force. Further, variation of the volume fraction of added
ﬁller particles in the rubber with a ﬁxed cut position from
vf ¼ 0% to vf ¼ 12% makes a decrease in the fracture
toughness and the critical driving force. At last, an increase

(b)

Figure 8. Fracture toughness versus cut position at different volume fractions of ﬁller particles vf for a ﬁxed stretch (a) k2 ¼ 2 and (b)
k2 ¼ 4 in leg 2.
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(a)

(b)

(c)

Figure 9. Fracture toughness versus critical driving force at different volume fractions of ﬁller particles vf for a ﬁxed cut position (a)
f ¼ 0:1, (b) f ¼ 0:2 and f ¼ 0:5.

in the cut width from the edge of the test specimen raises the
slope of the critical curve that attains a maximum value at
f ¼ 0:5 (shown as the chain dotted line in ﬁgure 9).

The underlying theoretical framework and the ﬁndings of
the present investigation may help the materialist community working in characterizing the material behavior of tires
and other rubber-like materials.

5. Concluding remarks
In this paper, an experimentally validated explicit expression of the Cauchy stress (8) is modeled by connecting the
volume fraction of the added ﬁller particles, shear modulus,
and stretch for a given deformation in the direction of the
applied load. The derived expression is then utilized to
present a theoretical modeling framework for the tear
fracture of ﬁlled rubber elastomers at different ratios of
added ﬁller particles. A well-known Grifﬁth criterion for
the failure is adopted here to model the aimed tear fracture
phenomenon of the ﬁlled rubber elastomers focusing on a
standard trousers test for the rapture. The proposed study
articulates the following inferences:
• An enhancement in the mechanical properties of the
rubber elastomers is possible by adding suitable ﬁller
particles to some extent.
• A signiﬁcant growth of the critical driving force is
observed for varying the volume fraction of added
ﬁller particles from 0% to 12% with an increase in the
fracture toughness at a given position of the cut.
• The fracture toughness of the ﬁlled rubber increases
with the rise in the volume fraction of ﬁller particles.
• On increasing the cut position, the material fracture
toughness rises signiﬁcantly along with the critical
driving force.
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