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ABSTRACT

Purpose: Rubber is widely used in tires, mechanical parts, and user goods where elasticity 
is necessary.  Some essential features persist unsolved, primarily if they function in excessive 
mechanical properties. It is required to study elastomeric Rubber's performance, which is 
operational in high-level dynamic pressure and high tensile strength. These elastomeric aims 
to increase stress breaking and preserve highly pressurised tensile strength.
Design/methodology/approach: The effects of carbon black polymer matrix on the 
tensile feature of different Rubber have been numerically investigated in this research. 
Rubber's material characteristics properties were measured using three different percentages 
(80%, 90%and 100%) of carbon black filler parts per Hundreds Rubber (pphr).
Findings: This study found that the tensile strength and elongation are strengthened as the 
carbon black filler proportion increases by 30%.
Practical implications: This research study experimental tests for Rubber within four 
hyperelastic models: Ogden's Model, Mooney-Rivlin Model, Neo Hooke Model, Arruda-
Boyce Model obtain the parameters for the simulation of the material response using 
the finite element method (FEM) for comparison purposes. These four models have been 
extensively used in research within Rubber. The hyperelastic models have been utilised to 
predict the tensile test curves—the accurate description and prediction of elastomer rubber 
models. For four models, elastomeric material tensile data were used in the FEA package 
of Abaqus. The relative percentage error was calculated when predicting fitness in selecting 
the appropriate model—the accurate description and prediction of elastomer rubber 
models. For four models, elastomeric material tensile data were used in the FEA package 
of Abaqus. The relative percentage error was calculated when predicting fitness in selecting 
the appropriate model. Numerical Ogden model results have shown that the relative fitness 
error was the case with large strains are from 1% to 2.04%.
Originality/value: In contrast, other models estimate parameters with fitting errors from 
2.3% to 49.45%.  The four hyperelastic models were tensile test simulations conducted to 
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verify the efficacy of the tensile test. The results show that experimental data for the uniaxial 
test hyperelastic behaviour can be regenerated effectively as experiments. Ultimately, it 
was found that Ogden's Model demonstrates better alignment with the test data than other 
models.
Keywords: Rubber, Carbon black filler, Hyperelastic models, Abaqus, FEM
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Q.H. Jebur, M.J. Jweeg, M. Al-Waily, H.Y. Ahmad, K.K. Resan, Hyperelastic models for the 
description and simulation of rubber subjected to large tensile loading, Archives of Materials 
Science and Engineering 108/2 (2021) 75-85. DOI: https://doi.org/10.5604/01.3001.0015.0256

METHODOLOGY OF RESEARCH, ANALYSIS AND MODELLING

 
 
 
 
 
 
 
 
 
 
 
 
 
1. Introduction 

 
Many manufacturing companies are indeed very 

interested in rubber tyres' material properties since they are 
linked directly to tyre performance, such as moving friction, 
wear, and wet grip. Rubber has several advantageous 
characteristics with acceptable performance at elevated 
strain, such as good yield strength, low creep, excellent 
adhesion, high corrosion, and chemical stability. In 
automotive components like tyres, gearbox mounts, centre 
bearing brackets and exhaust rubber components, elastic 
products are being used. The development of these highly 
specialised components already involves numerical 
simulations, like programs with finite elements. A suitable 
modelling approach in this context is an essential 
prerequisite for successful predicted results. A significant 
number of papers have been published in recent years that 
have suggested novel numerical simulations for Rubber. In 
data to model parts response under static load conditions, the 
specific non-linear hyperelasticity theory is classically 
invoked [1]. Alternatively, even create further advanced 
viscoelastic behaviour, either stress-softening models [2-7]. 
To explain the elasticity of elastomers, several approaches 
have been presented. A number of them have been shown to 
clarify the material's complete behaviour, i.e. to successfully 
reproduce experimental findings for different loads. That 
term completed action in the following references to the 
material's reaction under various loading conditions. 
Clearly, with both the minimum number of materials 
properties that should be experimental data established, the 
virtual simulations are those who can explain this 
comprehensive behaviour. 

Additionally, choosing among current models is always 
challenging for an engineer. On the other side, several 
researchers have evaluated and compared hyperelastic 
models' ability to replicate whole elastomer behaviour. 
Some researchers showed the model's efficiency for 
considerable strain loading [8,9], particularly, or assess the 
model to model to define formulations [10,11] equivalence, 

six different models.  Recently, Seibert and Schöche [12] 
compared particular experimental results achieved with 
biaxial and uniaxial extension testing. Weak predictions 
illustrate the risk of serial formulations and the models' 
biaxial response after determining the material parameters 
with uniaxial experimental data. Boyce and Arruda [13] 
were compared. Five models used Treloar's experimental 
results [14] aimed at three different data tests types (pure 
shear, biaxial and uniaxial). Further in recent times, Attard, 
Hunt [15] studied experimental data for uniaxial by seven 
separate researchers. Equibiaxial tension, tensile tension, 
biaxial extension, compression and shear purity and validate 
their model's efficacy. 

To improve mechanical properties, manufacturing 
companies and researchers first enhance rubbers materials. 
It is usual to use unique materials in the compositions and 
revisions of current processing technologies. Different types 
of nanoparticles, plus crude and humanmade materials, 
because of their high appearance ratio and high surface 
energy compared to traditional fibres, polymer efficiency is 
greatly improved by its allotropic forms, like graphene [16], 
graphite [17], nanotube carbon CNTs [18], carbon black 
[19], and fullerene [20]. Carbohydrates (CNTs) in many 
applications in recent decades, CNTs and graphene have 
been extensively researched [21,22]. To date, nanofillers 
were used to strengthen composites from polymers for 
industrial applications, using CNTs and graphene [23]. The 
massive consumption of the polymers CNTs is observed to 
boost polymer-matrix materials' physical and mechanical 
properties as fillers for various polymers [24]. CNTs in 
different polymers are nevertheless commonly degraded; the 
use of CNTs in rubber products [25,26] has been reduced. 
The high and reversible deformability of rubber materials 
has gained industrial significance. Rubber materials 
currently contain significant carbon filler quantities, and 
there is a need to improve the current overall efficiency.  

Due to the large surface area of rubber material, the 
nanoscale fillers' physical and mechanical properties can be 
improved by adding smaller amounts than microscale fillers. 

1.	��Introduction
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So, the concept of the rubber-based nanoscale filler first 
becomes a rubber substance by improving the clay the 
addition of 10% layered silicate in Natural Rubber (N.R.) 
[27-29] indicates an improvement in the rubber modulus.  

Commercial F.E. packages provide an expansive 
Hyperelastic Models Library for Rubber, about materials. 
The following models have used in Abaqus [30] HKS kit is 
Mooney-Rivlin, polynomial, polynomial reduced, Arruda 
Boyce, Yeoh, Van der Waals, Neo-Hookean and Ogden. The 
Mooney-Rivlin and the decreased polynomial are different. 
Cases of the polynomial model, while unique variants of the 
Neo-Hookean and Yeoh models are the reduced poly-
nomials model. The commercial of F.E. made utilising 
hyperelastic models have also been contrasted with test 
results were obtained by Treloar [14]. Simple tension 
vulcanised Rubber tested by Treloar. The four predictions 
(Ogden, Neo-Hookean, Money Rivlin and van der Waals) 
were compared by Raos [31] with experimental data being 
performed on an SBR rubber in uniaxial, biaxial load 
conditions. The researcher analysed the impacts of initial 
strain levels used to find material parameters when full 
prediction spectrum of strain. The Mooney-Rivlinand Neo-
Hookean models can only represent experimental results in 
the form of a compression when the strain line is selected 
appropriately and mild enlargement capable of 80%. The 
model's Van der Waals and Ogden included some 
applications with good performance. However, these models 
have shown some instability and resistance to strain shifts. 
The biaxial was also found to be susceptible tests, and 
reliable maintenance of the test limits were required. The 
hyperelastic modes were susceptible to biaxial; Ogden and 
Van der Waals were mainly classified as biaxial tests. 

This research aims to present a systematic comparison of 
4 hyperelastic models and their description of their capacity 
to match experimental results. After recalling simple 
notation, any model's layout, taken into consideration here, 
is briefly summarised. Then, it explains experimental 
methods followed to evaluate material properties. 
Subsequently, the parameters for contrast and the 
corresponding classification of models are calculated. 
Similarly, this work presented a typical method to use 
specific materials to modify existing treatment technology 
to enhance rubber materials' properties. 

 
 

2. Experimental work 
 
Rubber is mainly reinforced with filler particles to 

increase its stiffness undergoing tension. The rubber 
material is viscous fluid polymers that are non-linear 
material. It is also a cross-linked chain and undergoes a large 

reversible elastic deformation, and returns to its original 
shape with no damage. In this paper, rubber reinforcement 
uses filler particles that are carbon black and silica, ranging 
from 10 nm to 100 nm. Additionally, Natural Rubber (N.R.) 
reinforced carbon black (N330) filler particles with 80%, 
90% and 100 % of the filler per 100 parts of natural Rubber 
are the materials utilised in this analysis. These percentages 
comply with the requirements of multinational tyre firms. 
The samples were prepared by combining natural Rubber, 
black carbon, sulphur, and oil at typical percentages to 
achieve the specimens' essential characteristics.  
 
a) 

 
b) 

 
 

Fig. 1. The tensile test specimen dimensions, specimen 
thickness, t = 2 mm. a) standard ASTM D 412 [32], 
b) exprimental tensile test specimen  

 

 
 

Fig. 2. Tensile test machine 

2.	�Experimental work
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Later, tensile tests were carried out corresponding to the 
Standard ASTM D 412; Figure 1a, [32], experiments test 
were repeated five times, during which average results were 
deducted and verified, [33-39], Figure 1b. This experiment's 
object is to apply a tensile force to the test sample till the 
specimen is rupture, pulled through to defeat during the 
application of the tensile load. The tensile testing machine 
estimates property and produces stress vs strain curve from 
which different values are produced, like the modulus of 
elasticity. Finally, as shown in Figure 2, the tensile testing 
machine contains an electro-mechanical test structure that 
regularly applies uniaxial loading to test specimens. 

 
 

3. Hyperelastic models 
 
In general, the hyperelastic models are defined in forms 

of strain energy potential, created as a function of strain 
invariants, [29] concerning strain-stress curves. These 
models are phenomenological, implying that there is no 
connection to an extracted constants to the chemical or 
mechanical properties of rubber materials. They consider the 
material's tensile properties and attempt to classify the 
material as an amorphous, isotropic solid, resulting in the 
material being defined as if the material shifts state during 
deformation, models can become inaccurate. Therefore, 
these models are better fitting for researchers, such as gum 
rubber, where the results of such modifications [40,41]. 

 
3.1. Ogden model 

 
Hyperelastic models provide description and simulation 

of rubber tensile loading used to predict the non-linear 
stress-strain behaviour of materials Rubber or polymer, for 
example. Ogden presented the Ogden model (O-M)1972 and 
the density of strain energy functions for an Ogden. The 
information is as follows [30] 

 
U � ∑ �µ�

���
���� ����� � ���� � ���� �   3� (1)  

 
3.2. Mooney-Rivlin model 

 
The case of Mooney-Rivlin (M-R) is derived as of the 

polynomial method of the hyperelastic model [30]. They 
were setting the parameter N =1, e.g. a first ordered 
polynomial. The M-R model has utilised the linear property 
of the invariants, 

 
U � C���I� � 3� � C���I� � 3� � �

�� �J�� � 1� (2) 

3.3. Neo-Hookean model 
 
The Neo-Hookean model (N-H) is derived from the 

decreased energy potential of the polynomial strain [30]; 
Setting up N=1, 

 
U � C�� �I� � 3� � �

�� �J�� � 1�� (3) 
 

3.4. Arruda-Boyce model 
 
The model of Arruda-Boyce (A-B) has the potential for 

the energy strain of the form, [30], 
 

U � µ

⎝
⎜⎜
⎜
⎛
�
� �I� � 3� � �

�����
�I�� � 9� �

��
�������

�I�� � 27� �
��

�������
�I�� � 81� �

���
���������

�I�� � 243� ⎠
⎟⎟
⎟
⎞
� �

� �
������
� � lnJ���  (4) 

 
 

4. Numerical model 
 
A single 3-D size (1*1*1 mm) continuous reduced-

integration hybrid C3D8RH part with unit dimensions can 
be used to evaluate hyperelastic model coefficients [30], as 
shown boundary conditions in Figure 3(a). Also, a single 
elementcan be subjected to uniaxial tensile with a 9 mm 
displacement in the x-direction to obtain predictions that can 
be directly compared to the experimental data [42-49], used 
to measure the coefficients ‒ Figure 3(b). 
 
 

5. Results and discussions 
 
Uniaxial stress testing compares a strength of 80% to a 

hybrid rubber of 90% and 100% in the Figures 4 to 6. The 
elastic modulus and the extensions' material strength 
increase at the break with increased filling concentration for 
90% and 100% fillers. Table 1 shows a parameter that is not 
relevant to a specific model. These were achieved by 
predicting mechanical properties using uniaxial tensile data 
carbon black (N330) filler particles with 80%. Its notable, 
Ogden model can achieve fitting error with 1%, while the 
rest models predicted parameters with higher fitting errors. 
The coefficient that applies to a given model is shown in 
Table 2. It was done with uniaxial tensile data carbon black 
filling particle 90% for predicting mechanical properties. 
Ogden's remarkable model can make a 1.7% fitting error, but 
the rest of the models predicted parameters with fitting 
errors 2.23%, 27.1% and 28.85%. Table 3 indicates that the 

3.3.	�Neo-Hookean model

3.	�Hyperelastic models

3.1.	�Ogden model

3.2.	�Mooney-Rivlin model

3.4.	�Arruda-Boyce model

4.	�Numerical model

5.	�Results and discussions
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coefficient applies to 4 hyperelastic models. It was made of 
carbon black filling particle with uniaxial tensile data for the 
prediction of mechanical properties. Again, Ogen's model 

could make the bets fitting error by 2.04%. Nevertheless, the 
rest of the models forecast 2.43%, 47.64% and 49.45% of 
fitting errors. 

 
a) b) 

    
 

Fig. 3. Single element type C3D8RH, cubic shape: an element with boundary conditions, b unloading and a loading element 
 

a) b) 

    
c) d) 

    
 

Fig. 4. Stress-Strain curve of 80% carbon black filler pphr with four hyperelastic models: a) Ogden model, b) Mooney-Rivlin 
model, c) Neo-Hookean model, d) Arruda-Boyce model  
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Table 1. 
Hyperelastic parameters for hyperelastic models, data carbon black (N330) filler particles with 80% 

Parameters D D1 D2 C10 C01 µ1 α1 µ2 α2 µ µo λ Fitting error % 

Model          - - -  

Ogden - 0 0 - - 1.03
10  3.13 0.72 -3 - - - 1 

Mooney-
Rivlin - 0 - 1.37

10  1.17 - - - - - - - 2.3 

Neo Hooke - 0 - 1.67 0 - - - - - - - 19.1 
Arruda-
Boyce 0 0 - - - - - - - 3.30

10  
3.30
10  2703 19.9 

 
 
 

a) b) 

    
 
c) d) 

    
 

Fig. 5. Stress-Strain curve of 90% carbon black filler pphr: a) Ogden model, b) Mooney-Rivlin model, c) Neo-Hookean model, 
d) Arruda-Boyce model 
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Table 2.  
Hyperelastic parameters for hyperelastic models, data carbon black filler particles with 90% 

Parameters D D1 D2 C10 C01 µ1 α1 µ2 α2 µ µo λ Fitting error % 

Model          - - -  

Ogden - 0 0 - - 1.82
10  3.66 0.65 -3.21 - - - 1.7 

Mooney-
Rivlin - 0 - 1.58

10  1.78 - - - - - - - 2.23 

Neo Hooke - 0 - 2.00
10  0 - - - - - - - 27.12 

Arruda-
Boyce   - - - - - - - 3.96

10  
3.96
10  2703 28.58 

 
 
 

a) b) 

    
 
c) d) 

    
 
Fig. 6. Stress-Strain curve of 100% carbon black filler pphr: a) Ogden model, b) Mooney-Rivlin model, c) Neo-Hookean 
model, d) Arruda-Boyce model 
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Table 3.  
Hyperelastic parameters for hyperelastic models, data carbon black filler particles with 100% 

Parameters D D1 D2 C10 C01 µ1 α1 µ2 α2 µ µo λ Fitting error % 

Model          - - -  

Ogden - 0 0 - - 2.87�
10�� 2.99 2.46 -2.71 - - - 2.04 

Mooney-
Rivlin - 0 - 1.55�

10�� 3.25 - - - - - - - 2.43 

Neo Hooke - 0 - 2.25�
10�� 0 - - - - - - - 47.64 

Arruda-
Boyce   - - - - - - - 4.45�

10�� 
4.45�
10�� 2703 49.45 

 
 
6. Conclusions 

 
The present work demonstrates that carbon black (N330) 

filler particles with 80% Ogden model can predict 
mechanical parameters with approximately 1% fitting 
errors, while other models estimate parameters with high 
fitting errors. Experimental tensile tests were made with 
carbon black filling particles 90% for mechanical properties 
prediction. Ogden's model estimated parameters with 1.7% 
fitting error, while the other models calculate approximately 
2.23%, 27.1% and 28.85% fitting errors parameters. Table 3 
present carbon black (N330) filler particles with 100% a 
2.04% fitting error in the Ogen model. However, the other 
hyperelastic models calculated parameters up to 2.43%, 
47.64% and 49.45% fitting errors. 

A helpful management study guide for measurements 
can help scientists and engineers, and laboratories with 
guidelines workers, including quality control workers, on 
how the machine can be described and quantified. Features 
for tensile testing must bring out computational 
development measurements. In this work, four hyperelastic 
models were used on how Finite Element (F.E.) simulation 
of linked materials utilises tensile testing. A specific 
experience with experimental mechanical processes 
monitoring, tensile testing for hyperelastic material is 
believed. This research also aims to familiarise the user with 
the recommended procedures in the future and the variables 
that may be applied, influencing the designed experiment's 
outcomes. Validation tests are strongly suggested to be 
carried out to gain trust in system design, and precise 
material property predictions demand the correct material 
properties.  

Information on models and detailed material properties 
for highly extendible materials, such as Rubber, utilising 

traditional elastic content models tensile loading cannot be 
accurately modelled. These four hyperelastic models: 
Ogden's Model, Mooney-Rivlin Model, Neo Hooke Model, 
Arruda-Boyce Model, are a representation of a model that is 
applied in FEA packages, such as Abaqus. The hyperelastic 
material simulation includes data on material properties 
calculated under distinct stress states, large strains. The 
strain energy in hyperelasticity is simulated based on the 
deviator stress (tensile) and strain components. Models 
coefficients are calculated to use the least square fit from 
mechanical test results routines in the software for F.E. 
techniques for finding and presenting the input data required 
are mentioned in work here. Finally, It is possible to identify 
the material properties necessary to measure deviatoric 
coefficients through test data evaluated under plane stress 
(uniaxial tension) conditions. 

 
 

Nomenclature 
 

U   Strain energy density 
λ� �i � 1,2,3�    The principal stretches 
µ�   Material constant related to the initial 

shear modulus 
α�   Empirically calculated material 

constants 
J��  the elastic volume ratio 
C10, C01  The material constant  
I�  The first invariant  
I�      The second invariant  
c    Material constant 
λ   Extensions of the deformation 
N  Order of the polynomial 
D, D1  Material constant 

Nomenclature

6.	�Conclusions
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