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The mechanical behaviour of elastomeric materials is known to be
incompressible or nearly incompressible, hyperelastic with non-linear load-
extension behaviour, rate-dependent and exhibit hysteresis upon cyclic
loading. Prediction of such a complex behaviour of elastomers subjected to
general strain histories is a task that requires extensive experimental and
theoretical works.

Experimental investigations of the present work were performed on four
types of rubbers that subjected to monotonic and cyclic loading. The carbon
black was used as a filler material. The type of tests is standard
compression test according to ASTM D575 for rubber testing. For each
rubber type used different carbon black concentrations were used. It was
found that the stiffness, strength, hardness, the amount of hysteresis and the
time-dependency response of the material increase as the carbon black
ratios increases. Also, after initial straining, the residual strains of the
material increases as the carbon black ratios increase. In addition, the
stress-strain response of the material while loading is different than the
stress strain response of the material while decreasing strain, unloading.

Theoretical works are considered for both modeling and numerical
investigations. In modeling, the mechanical behaviour is assumed to be
decomposed into two networks: an equilibrium network corresponding to

the state that is approached in long time stress relaxation tests; and a second
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network capturing the non-linear rate-dependent deviation from the
equilibrium state. The equilibrium response was obtained using multi-
relaxation tests at different strain level, while the time-dependent
parameters identification was obtained using Prony series.

New constitutive hyperelastic model has been proposed based on
intensive study of the available hyperelastic constitutive models and the
observations from experimental investigation of the present work. The
validity, accuracy and robustness of the proposed model has been studied
and showed that this model has the ability to capture the mechanical
behaviour of elastomers for both small and large strain values as compared
with the experimental results of the present work.

Numerical analyses were performed using the boundary elements
method. The boundary elements are applied to elastomers by considering
both small and large deformations. Under small deformations, the
formulations are based on assuming that the elastomer is linear elastic
isotropic incompressible solid. While for the large deformation, the
formulation is based on decomposing the 1* Piola-Kirchhoff stresses into
linear and nonlinear parts. Thereafier, the final derived equations are
composed of both boundary integral and non-linear domain integrals. The
non-linear analyses were performed using an incremental procedure with
an iterative algorithm.

Solving numerical examples and comparing the results with that
obtained from some available results and ANSYS 10.0 showed that the
boundary elements method is a good numerical technique for solving
incompressible elastomeric materials. And the formulation used for the
boundary elements derivations for large strain analysis gave satisfactory

results as compared with that of ANSYS ver. 10.0.
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Left Cauchy-Green strain tensor

Right Cauchy-Green strain tensor

Cauchy principal value

Deformation rate tensor

Modulus of elasticity N/m’
Lagrangian or Green’s finite strain tensor

Eulerian or Almansi’s finite strain tensor

Elliptical integral of the second kind

Deformation gradient matrix

Displacement derivative matrix

Viscous part of the deformation gradient matrix
Elastic part of the deformation gradient matrix
Shape function matrix

Shear modulus N/m’
Euclidian metric tensors for the coordinate X,
Euclidian metric tensors for the coordinate system x;
Galerkin’s vectors in r and z direction

Stretch or strain invariants

Amplified stretch invariant

Determinant of deformation gradient

Jacobain matrix

Boltzmann’s constant
Bulk modulus of compression

Elliptical integral of the first kind

Velocity gradient tensor

Chain density in Arruda-Boyce Model
Number of the statistical link

Direction cosines of the outward normal 7
Hydrostatic pressure

Legendre function
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Orthogonal rotation tensor

Current chain length

1™ Piola-Kirchhof stress

2™ Piola-Kirchhof stress

Traction components

Traction kernel functions

Left stretch tensor

Volume fraction

Displacements components

Right stretch tensor

Displacement kernel functions

Strain energy function

Strain energy associated with equilibrium part
Strain energy associated with instantaneous part
Volumetric strain energy function
Distortional strain energy function

Material coordinate description

Spatial coordinate description

Inverse Langevin function

Radial components of the body force

Axial components of the body force
Kronecker delta

Strains in 7, @, z direction

Green’s or Lagrangian strain tensor
Almansi’s or Eulerian strain tensor
Logarithmic strain tensor
Interpolation (shape) function
Boundary of the problem
Amplified strain

Stretch or stretch ratio

Principal Stretches

Poisson's ratio

Temperature

Engineering stress

True or Cauchy stress

Local coordinate system

N/m®
N/m?
N/m?
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m/m

°C
N/m?
N/m’
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