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A promising method to improve the mechanical behavior of carbon nanotube (CNT)-
reinforced composites is to enhance the CNT/matrix interaction with an interphase layer. In the 
current study, the effective elastic modulus of a polymer composite containing CNTs is 
estimated using the Composite Cylinders Model. The analysis focuses on the response of a 
Representative Volume Element (RVE) of the composite to simple axial loading. To simplify the 
model, RVE is considered as concentric circular cylinders of CNT, interphase, and epoxy matrix. 
Numerical analysis using ANSYS Workbench together with a theory of elasticity model is 
employed. In order to investigate the effect of thickness and elastic modulus of the interphase on 
the mechanical behavior of the RVE, a thickness range of o.1 to 0.8 nm and three elastic moduli 
of 0.25, 1 and 5 GPa are considered. The resulting stress distribution maps from uniaxial loading 
of the RVE demonstrate that CNTs play a significant role in carrying the load. Generally, 
increasing the elastic modulus of the interphase up to 5 GPa leads to enhancement of the 
effective modulus of the RVE. For interphase layers with lower elastic modulus than the matrix, 
increasing the interphase thickness is found to reduce the effective modulus of the RVE. 
Conversely, for interphase layers with higher elastic modulus, thickening of the interphase up to 
0.8 nm causes the effective modulus to improve. Therefore, controlling the thickness and 
stiffness of the interphase layer can be used as an effective approach to tune the behavior of the 
bulk composite. 
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In the current study, the effective elastic modulus of a polymer
composite containing carbon nanotubes (CNTs) is estimated
using the Composite Cylinders Model. The finite element analysis
focuses on the response of a Representative Volume Element
(RVE) of the composite to simple axial loading using ANSYS

ABSTRACT RESULTS CONCLUSIONS

� The importance of CNT in carrying the axial load � The stress distribution maps of the RVE after loading show that
the CNT plays a significant role in carrying the tensile load.
However, increasing the elastic modulus of the interphase layer up
to 5 GPa can cause an enhancement in the effective elastic(RVE) of the composite to simple axial loading using ANSYS

Workbench. The results demonstrate that controlling the
thickness and stiffness of the interphase layer can be used as an
effective approach to tune the behavior of the bulk composite.

INTRODUCTION
A promising method to improve the mechanical behavior of

f

modulus of the RVE.

� The composites containing the interphase layer with Eint > Emartix
and higher thickness may offer a slightly improved effective elastic
modulus.

� Controlling the thickness and stiffness of the interphase layer
b d ff ti h t t th b h i f thcarbon nanotube-reinforced composites is to enhance the

interaction between CNT and polymer matrix by the presence of
an interphase layer.

� Transversely Isotropic Material
Polymer Matrix
Interphase Layer
CNT
Hollow Region

� The enhancement of effective elastic modulus of the RVE
due to stiffening of the interphase layer

Figure 4. the Equivalent (von-Mises) stress distribution 
of the RVE after stretching
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can be used as an effective approach to tune the behavior of the
bulk composite.

FUTURE WORKS

� Estimating the rest of independent elastic constants by defining

where

Figure 1. Composite Cylinders Model
for the RVE
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� Estimating the rest of independent elastic constants by defining
different loading conditions

� Molecular Dynamics Simulation of the RVE in nano-scale

� Utilizing micromechanical theories to estimate the bulk
properties

References

MODELING

Uniaxial tension ( )

where

Figure 5. The effect of interphase modulus of elasticity

� The dual effect of the interphase thickness

� Multiscale Modeling of the composite in the presence of
interphase layer
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Figure 3. Axisymmetric representation of the RVE 
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Figure 6. The effect of interphase thickness

Em = 3.5 GPa




