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Abstract
Reinforcement of nano carbon tubes and/or fullerenes in a 
composite improves its structural properties due to their high 
stiffness. The present work is focused on the prediction of properties 
of hybrid composite where continuous fibers are reinforced in 
a nano particles mixed resin. The effectiveness of addition of 
10% of nano content on some of the mechanical properties of 
fiber composite at various fiber volume fractions is investigated 
by finite element method. The nano reinforcement selected for 
the present analysis is buckminster fullerene. The fullerene is 
resembles like a hollow sphere.  Properties of nano mixed resin 
are obtained in first stage. Later these properties are used for 
homogenized equivalent matrix while modeling hybrid composite 
that incorporates fibers of different volume fractions. T-300 and 
Boron fibers are reinforced one at a time. The properties of the 
composites without nano content are also predicted to realize the 
advantage of nano reinforcement. 
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I. Introduction 
The discovery of the nano sized particles showed good scope of 
research in the composite materials. The nano particles can be 
used as a reinforcement phase in the nanocomposite materials to 
enhance the structural properties like strength and stiffness. The 
carbon allotropes are formed by the valence position of carbon 
atoms. The most commonly used carbon allotropes are tube shaped 
Carbon Nanotube (CNT), plate shaped Graphene, and hollow 
sphere shaped Buckminster Fullerene. The behaviors of these nano 
particles (CNT, Graphene, and Fullerene) are not same because of 
their different geometrical shape. By reinforcing any of the above 
mentioned nano particles to form a composite material definitely 
improves its structural behavior at macro level. The effect of nano 
reinforcement on the composite material can be quantified by 
conducting suitable experiments. But it involves high cost and 
time. The other way to characterize the nano composites is through 
simulation techniques. The simulation procedure of nanocomposite 
includes the proper modeling of the constituents and application of  
loading and boundary conditions in such a way that it should not 
deviate from reality. Majorly used modeling techniques for nano 
composites are molecular modeling and continuum modeling. 
The former method considers the molecular behavior to obtain 
the global response of the nano particles where as continuum 
modeling assumes the presence of continuous material structure. 
The present work focused on the characterization of fullerene 
based composite material. Molecular modeling of buckminster 
fullerene in a polymer matrix to determine the properties of the 
resultant composite is mathematically difficult. To simplify the 
analysis, the problem may be solved in two phases. In the first 
phase equivalent homogenized properties of buckminster fullerene 
can be obtained through molecular modeling technique. In the 
next level continuum model of buckminster fullerene reinforced 

in matrix can be modelled to determine the effective properties of 
nano composites. The equivalent continuum model of buckminster 
fullerene is not available in collected literature. Some researchers 
developed continuum models and provided the properties of 
equivalent continuum model of carbon nano tube.   In the present 
work equivalent continuum carbon nano tube properties   are used 
for reinforcement medium and composite properties are determined 
in analogous to micromechanical modeling of fiber or particulate 
composites. Several authors adopted continuum methods for 
the characterization of nano composite materials. For example 
Slemi et al [1] predicted the elastic properties of carbon nanotube 
reinforced composites using several micromechanical methods 
like  Mori–Tanaka (M–T) mean-field homogenization model: 
two-level (M–T/M–T), two-step (M–T/M–T) and two-step (M–T/
Voigt).  Ding et al [2] determined the influence of the thickness 
of the CNT on its Young’s modulus using molecular modeling 
approach with finite element method. The carbon nanotube 
reinforced composites damping behavior is investigated by Lin 
[3] using micromechanical analysis. Wang et al [4] determined the 
influence of armchair and zigzag CNTs on the interfacial stresses 
of the CNT reinforced composites using molecular modeling. 
The authors also studied the effect of Young’s modulus of the 
matrix on the interfacial stresses between CNT and Matrix in a 
CNT reinforced composites. Behnam Ashrafi et al [5] evaluated 
the elastic properties of bundle of nanotubes using finite element 
method. Later their study concentrated on the composite material 
by reinforcing the bundle of nanotubes in a polymer matrix 
considering uniform and random distribution of reinforcement 
using micromechanics approach. Hua Liu [6] evaluated the 
longitudinal and transverse properties of composite materials by 
reinforcing nanotubes and nano platelets (graphene) individually 
to decide the better reinforcing material at different aspect ratios 
using micromechanics method. The study includes the uniform and 
random distribution of nano reinforcement in the matrix. Florian 
et al [7]   explained that using different types of CNTs in matrix 
phase improves its mechanical performance by conducting several 
experiments. The authors also recognized that the performance 
of conventional fiber composite is improved by using nano based 
matrix. Chen et al [8] evaluated the effective mechanical properties 
of CNTs reinforced composites using a continuum approach with 
finite element method and determined that load carrying capacity 
of CNTs are very effective when they reinforced in matrix. Hu 
et al [9] predicted the macroscopic properties of CNT reinforced 
composites considering a transition layer between the CNT and 
Matrix using finite element method. Sushen et al [10] evaluated 
the Young’s modulus and shear modulus and coefficient of thermal 
expansion of Carbon Nanotubes and Graphene sheet using finite 
element method.  The dependence of the mechanical properties 
on the size of the CNTs and Graphene is also predicted. Odegard 
et al [11] determined the mechanical behavior of CNT reinforced 
composites using multiscale (Molecular, equivalent continuum, 
continuum) modeling techniques considering the interphase 
region between the CNT and the matrix. The effective elastic 
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properties of Nanotube reinforced composites are determined by 
Joshi et al [12] by adopting continuum approach with the support 
of finite element method. The finite element method is used by 
Tserpes [13] to know the dependence of Young’s modulus on the 
thickness of the CNT. The study is carry out by taking different 
nanotubes like armchair, zigzag and chiral tubes. The objective 
of the present work is to predict the effectiveness of buckminster 
fullerene on average properties of FRP composites using finite 
element method.

II. Problem Description
To achieve the objective of the present problem, numerical 
homogenization techniques are applied for both buckminster 
fullerene matrix mixture and fiber reinforced composite material. 
The average properties of fullerene at 10% of volume fraction 
mixed in resin are determined in first phase and these properties 
are used in modeling total composite that consists of continuous 
fiber and nano mixed polymer matrix. For both the phases, 
micromechanical analogy in association with finite element 
method is adopted. 

A. Numerical Homogenization for Buckminster Fullerene 
Mixed Matrix
Fig. 1 shows the uniform distribution of fullerene reinforcement 
in the matrix phase and the shape of representative volume which 
is necessary to predict the average properties of buckminster 
fullerene composites using micromechanics analogy. The fullerene 
is idealized as a hollow sphere with uniform thickness and cubic 
shaped representative volume element is selected to perform the 
present work.  Due to symmetry in terms of geometry, loading, 
boundary conditions, only one eighth portion of the RVE is 
modeled. The finite element based software ANSYS is very 
appropriate tool and is used to solve the current problem.

Fig. 1: Uniform Distribution of Fullerene in Matrix

B. Geometry
As one eight portion of unit cell is taken for finite element 
modeling, the FE model consists of a cube of side ‘a’ with an 
embedded one eighth portion of  hollow sphere at one of the 
corners which is also the center of the sphere. (Fig. 2). The size 
of the RVE is calculated for the volume fraction of the fullerene 
at 10%. The inner radius of buckminster fullerene is 4.6nm and 
the outer radius of the fullerene is 5.0 nm so that the thickness of 
the buckminster fullerene is 0.4nm. [13].

C. Element Type
The  element  used  for  the  present  analysis  is  SOLID  95  of  
ANSYS which is developed based on three-dimensional elasticity 

theory and is defined by 20 nodes having three degrees of freedom 
at each node. Translation in the nodal x, y and z directions. The 
Finite element model at 10% volume fraction of the fullerene is 
shown in fig. 3. The center of the sphere is the origin of the model 
and the X, Y, Z axis are parallel to the three mutually perpendicular 
edges of the cube.  

Fig. 2. Finite element model at 10% Vp

Fig. 3: Converged Finite Element Model at 10% Vp 

D. Boundary Conditions and Loading 
The selected RVE for the analysis should act as a part of the array 
of unit cell and due to the symmetry of the model; the following 
symmetric boundary conditions are used. At x = 0, Ux = 0; At y 
= 0, Uy = 0; At z = 0, Uz = 0. In addition multipoint constraints 
are also imposed on the positive faces (x, y & z) of the Cubic 
RVE. Buckminster fullerene reinforced composite of uniformly 
spaced reinforcement will respond equally if it is subjected to 
any directional loading. The uniform tensile load is applied on 
the positive Z-plane of the cube.

E. Material Properties  
The material properties for continuum model of buckminster 
fullerene are not available in existing literature. The present 
analysis is performed by taking the properties of continuum based 
CNT. [13]. 
Buckminster Fullerene:  The Young’s modulus of   buck minster 
fullerene EP = 1000 GPa, Poisson’s ratio (νp) = 0.3 [13]. 
Matrix: The Young’s modulus of matrix Em = 5.171GPa, Poisson’s 
ratio of Matrix (polymer) [13] νm = 0.35.

F. First Level of Homogenization
Converged FE models are used to obtain the properties of fullerene 
reinforced composites. The following table presents the Young’s 
modulus and Poisson’s ratio at 10% of volume fraction of the 
fullerene.
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Table 1: Effective Elastic Properties of the Fullerene/ Epoxy 
Composite at 10% of Volume Fraction
Fullerene 
Volume 
Fraction (%)

Young’s Modulus 
(Ep)
(GPa)

Poisson’s Ratio
(νc)

10 11.2264 0.30

G. Second Level of Homogenization
 In this sesction, the homogenization method applied for solid fiber 
reinforced in equivalent buckminster fullerene matrix is discussed. 
Two different types of fibers, one at a time,   i) T-300 and ii) Boron 
are used for reinforcement.. 

Fig. 4: Uniform Distribution of Fiber Reinforcement in Fullerene 
Mixed Matrix           

H. Geometry
The Finite Element analysis of equivalent homogeneous matrix/T-
300 or Boron fiber composite can be performed in the similar 
manner to that described in the earlier section. The square shaped 
RVE is considered for the present analysis. The dimensions of 
the finite element model are taken as X=100 units, Y=100 units, 
Z=10 units. The radius of the circular fiber is calculated using the 
following formula by varying the volume fraction of the fiber.

I. Loading
 Uniform Tensile load of 1 MPa is applied on the area at z = 10 units 
for prediction of Longitudinal Young’s Modulus E1. (Fig. 5)
Uniform Tensile load of 1 MPa is applied on the area at x =100 
units for prediction of Transverse Young’s Modulus E2. (Fig. 6)

Fig. 5: Fe Model Under Longitudinal Loading at 75% Vf     

Fig. 6: Fe Model under Transverse Loading at 10% Vf

J. Material Properties
The material properties of T-300, Boron fiber and equivalent 
properties of Buckminster fullerene composites are listed 
below. 
T-300 Fiber (orthotropic): Ex=230GPa, Ey=Ez=15GPa, νxy=0.2, 
νyz=0.07, νxz=0.2, Gxy=27GPa, Gyz=7GPa, Gxz=27GPa 
Boron Fiber (isotropic): E=400GPa, ν =0.2.
The matrix properties are equivalent properties of buckminster 
fullerene composites. The equivalent properties fullerene based 
matrix properties are taken from Table 1.

III. Validation of Finite Element Model
The Finite element model is validated by comparing the longitudinal 
Young’s Modulus of Fiber Composites with Rule of Mixtures 
(ROM) and the transverse modulus of above mentioned laminas 
are verified with Betties Reciprocal Theorem. Close agreement 
is found between analytical and FE results.  

Fig. 7: Validation of E1 with ROM

Fig. 8: Varification of Bettie’s Reciprocal Therom
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IV. Discussion of Results
No significant variation is observed in longitudinal Young’s 
modulus (Figs. 9 &13) and associated Poisson’s ratios (Figs. 
10&14) due to nano reinforcement. Considerable effect of 
nano reinforcement is observed in transverse Young’s modulus 
(Figs. 11 &15) and associated Poisson’s ratios (Figs. 12 & 16). 
Reinforcement of nano leads to increase in these transverse 
properties. This difference in E2 decreases for T-300 fiber and 
increases for Boron fiber as the fiber volume fraction increases. 
Difference between the transverse Poisson’s ratios (ν21) of the 
Boron composite is high at lower and higher volume fractions 
of the fiber (Fig. 16), and in T-300 composite it is high at lower 
volume fraction of fiber. (Fig. 12).

Fig. 9: Variation of Longitudinal Modulus 

                         
Fig.10 Variation of Longitudinal Poisson’s Ratio 

Fig. 11: Variation of Transverse Modulus 

Fig. 12: Variation of Transverse Poisson’s Ratio 

Fig. 13: Variation of Longitudinal Modulus 

                             
Fig. 14: Variation of Longitudinal Poisson’s Ratio 
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Fig. 15: Variation of Transverse Modulus 

Fig. 16: Variation of Transverse Poisson’s Ratio 

V. Conclusion
A two level numerical homogenization process is carried out 
to predict mechanical properties of FRP composites with 10% 
reinforcement of buck minster fullerene. The effectiveness of 
the nano reinforcement on Young’s moduli and Poisson’s ratios 
is studied. The following conclusions are drawn.

No significant effect of nano on longitudinal properties. 1. 
(E1,ν12)
Transverse properties are enhanced due to nano particle 2. 
reinforcement. (E2, ν21)
Maximum rise in E3. 2 is observed at higher volume fraction for 
isotropic fiber and at lower volume fraction for orthotropic 
fiber.
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