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Abstract
A new model is constructed to validate a non-linear elastic response of rubber-like materials. The proposed model is 
phenomenological and is the combination of Rivlin expression truncated in invariant I1 with a term in I2 coming from the 
Hart-Smith model and which has been modified by Gornet et al. This model has five rheological parameters adjusted with a 
genetic algorithm. The genetic algorithm method is used in binary code and two sets of experimental data (Treloar data and 
Nunes and Moreira data) from the literature to compare the proposed model. With Treloar rubber data the simple tension 
suffices for the determination of the parameter values. Thus, the fit of experimental data is shown to provide an accurate 
response and predictive description in biaxial tension and pure shear with the same sets of material parameters. Unlike, 
with Moreira data, the proposed model has given direct material parameters in simple shear with good correlation. On the 
other hand, a comparison is made between the proposed model and the Beda model (2007), Gornet et al. model and hybrid 
integral approach (HIA) model. The proposed model is the most efficient among three other classical models because the 
proposed model emerges from very small relative errors with Treloar’s experimental data: 0.42 ± 0.08 in simple tension, 
0.44 ± 0.07 in biaxial tension and 0.42 ± 0.05 in pure shear. This model also incorporates all the criteria for model validation 
described in the literature.
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Introduction

Elastomeric materials are used in automotive parts such as 
tires, engine and transmission mounts, center bearing sup-
ports and exhaust rubber parts. However, the design of these 
highly technical parts necessitates the use of simulation tools 
such as finite element software. In this context, an appropri-
ate constitutive model is an essential prerequisite for good 
numerical predictions. So, many models have been proposed 
to describe the elastic response of elastomers.

However, the first kind of model is issued from math-
ematical developments of the strain energy density W such 

as the well-known Rivlin series. They are classically referred 
to as phenomenological models, by which some are based 
on strain invariants, Rivlin [1], Isihara [2], Yeoh [3], James 
[4], Lion [5], Haupt and Sedlan [6], Pucci and Saccomandi 
[7], Beda [8], Beda [9], Nunes [10], Liman and Balé [11], 
and recently Ismail [12] or the others on principal stretches, 
Valanis [13], Peng [14], and Ogden [15]. The second kind of 
model includes those developed from physical motivation. 
Such models are based on the physics of polymer chain net-
work as well as the statistical methods. It leads to different 
strain energy functions depending on the accounted micro-
scopic phenomena. In most cases, their mathematical formu-
lation is quite complicated [16]: three-chain [5], four-chain 
[4], eight-chain [17] and unit sphere [16]. Other hyperelastic 
models are also obtained by the combination of a phenom-
enological approach and the molecular approach [18]. But 
only a few of these models are capable to describe the com-
plete behavior of the material in large deformation [7, 19], 
i.e. to satisfactorily reproduce experimental data under dif-
ferent loading conditions with the same sets of parameters. 
The drawbacks of formulation series are intensified by poor 
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