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Abstract  This paper reports a theoretical study of stress distribution and factors that affect Young’s modulus of 2D 
composite model containing circular fillers under compression loads. The dimension used for the composite model 
containing 1 filler is (4x4) cm with filler radius of 1 cm. In the case of filler more rigid than matrix, the Young’s modulus 
values used for matrix, filler 1 and filler 2 are close to that of epoxy, Hemp fiber and glass, respectively. In the case of matrix 
more rigid than filler, we use the same Young’s modulus value of the matrix, and the Young’s modulus of filler 1 and filler 2 
are close to LDPE and HDPE, respectively. The stress distribution for 2D composite model containing 2 circular fillers 
arranged in series and parallel has been carried out for the case filler more rigid than matrix. The dimension used for the 
composite model containing 2 fillers is (4x7) cm with filler radius of 1 cm. The stress is calculated using Excel and the data 
are taken for every increment X of 0.1 cm. The results are successfully showing the qualitative picture on stress distribution. 
The results show that stress is not uniform along X axis, but higher in the area containing the longer more rigid component. 
Young’s modulus of a specific total filler fraction has been calculated using the method used and compared with Voight and 
Reuss formulas.  
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1. Introduction 
Mostly, the studies on composites focus on the correlation 

of mechanical properties of the composites with that of its 
components. The studies are very important since generally 
researchers concern with new composite materials with 
specific properties which are actually formed as a 
combination of its component properties. Proper 
composition and technique in composites synthesis may 
result in a new composite with expected mechanical 
properties. 

Studies on mechanical properties of composites have been 
carried out via experiments, modeling and simulation [1-3]. 
Computational study on mechanical properties of composite 
containing uniform distribution of hard and soft components 
has been carried out [4]. The computational results were then 
compared to calculations based on Voight and Reuss 
formulas, and the study shows that the Voight formula suits 
the composite with high fraction of particle. The Voight 
formula uses isostrain condition where the modulus Young  
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of composites is formulated as follow: 

mC f f fE E V E (1 V )= + −                 (1) 

Where EC, Ef, Vf and Em are Young’s modulus of 
composite, Young’s modulus of fiber, volume fraction of 
fiber, Young’s modulus of matrix, respectively. Reuss 
formula, based on isostress condition, is as follow: 
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Where EC, Ef, Em, Vf, and Vm are Young’s modulus of 
composite, Young’s modulus of filler, Young’s modulus of 
matrix, volume fraction filler and volume fraction of matrix, 
respectively. There are some other formulations to predict 
the Young’s modulus of composite based on Young’s 
modulus of its components such as Einstein formula which is 
then modified by Guth and Money, Hapin and Tsai formula, 
etc [5]. 

Fillers can have form typically of spherical [6, 7], 
ellipsoidal [8], and arbitrary [9], where they can also be 
non-metallic [3], inorganic [6], or metallic [10]. 

This paper presents a simple view on mechanical property 
of composite model 2-D containing circular fillers under 
external compression loads. This model can be considered as 
simplification of 3D composite model containing spherical 
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fillers, where spherical filler can be approximated by series 
of cylinder in order to apply fiber refinforcement theory [11]. 
It has been shown that residual stress in polymeric 
composites depends on filler shape [12]. In this study, the 
stress distribution is calculated along X- axis (in horizontal 
direction) on 2D composite model with one and two fillers. 
There are two arrangements of filler for the model with two 
fillers: series and parallel. The basic concept used in this 
study is that the composites experience contraction under 
external compression load.  

2. Theory 
According to elasticity theory, the rigidity of materials is 

represented by its modulus of elasticity. For normal loads, 
modulus elasticity is named as Young’s modulus. There are 
two types of normal load: tensile and compression. In 
general, response of materials to external tensile load is 
different with that of compression load. Therefore, Young’s 
modulus of a material under tensile load may different with 
that of under compression load. Young’s modulus (E) is a 
ratio of stress F( )

A
σ =

 
to strain L( )

L
∆ε =  of a material 

under an external normal load. 
For a material containing two components connected in 

series, the external force will be equally transmitted for the 
two components, thus if there is no difference in area, the 
two components will experience same stress.  
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A composite material consists of two components: matrix 
and filler. This study concerns with 2D composite models 
with one and two circular fillers. Schematic figure of the 
composite models are shown in Figure 1.  

 

Figure 1.  Schematic of 2D composite models containing circular fillers: (a) 
one filler; (b) two fillers in series; (c) two fillers in parallel 

3. Method 

 
Figure 2.  Illustration of X-axis used for 2D composite model containing 1 
filler. At X=2, there are two parts of matrix and one part of filler arranged in 
series 

Table 1.  The length of matrix (LM) and filler (LF)  

containing 1 circular filler 

X (cm) LF (cm) LM (cm) 

0<X<1 ; 3<X<4 0 4 

1<X<2 ( ) 




 −− 22 22 XR  4-LF 

2<X<3 ( ) 




 −− 22 22 XR  4-LF 

containing 2 circular fillers in series 

X (cm) LF (cm) LM (cm) 

0<X<1; 3<X<4; 6<X<7 0 4 

1<X<2 ( ) 




 −− 22 22 XR  4-LF 

2<X<3 ( ) 




 −− 22 22 XR  4-LF 

4<X<5 ( ) 




 −− 22 52 XR  4-LF 

5<X<6 ( ) 




 −− 22 52 XR  4-LF 

containing 2 circular fillers in parallel 

X (cm) LF (cm) LM (cm) 

0<X<1 ; 3<X<4 0 7 

1<X<2 ( ) 




 −− 22 24 XR  7-LF 

2<X<3 ( ) 




 −− 22 24 XR  7-LF 

The dimension used for 2D Composite Model containing 
1 filler is (4x4) cm and the filler radius is 1 cm. We use X and 
Y axis as in the Figure 2 which shows the how the length of 
filler and matrix is calculated at a specific X. The filler is 

Lf Lm 

X=2 
0   1   2   3   4   X 

Y 

(a) (b) (c) 
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located in the middle of the composite, the centre of the filler 
is at position (2,2) cm. The compression load is along Y axis. 
The length of both matrix and filler components are varied 
along X axis. 

Similar approach is used for the two other models: 2D 
composite models containing 2 circular fillers arranged in 
series with the dimension of (7x4) cm and parallel with the 
dimension of (4x7) cm. The radius of every filler is 1 cm. 
Position of the centre of the fillers for composite containing 
series and parallel fillers are at (2,2) cm and (5,2) cm; and 
(2,2) cm and (2,5) cm, respectively. Using this approach, the 
length of matrix and filler at specific X ranges can be 
calculated and they are shown in Table 1. 

All the calculations are conducted using excel program. 

4. Results and Analysis 
The total extension is the same for every X position, 

which is the sum of extension of matrix and filler. The value 
of stress at area that containing only matrix is 1000 Pa. Using 
equation (3) and the data in Table 1, the value of stress at 
other area can be calculated. The stress is calculated for 
every increment X of 0.01 m. The Young’s modulus data of 
the components used in the calculation are based on online 
data [13]. 

4.1. Stress Distribution for 2D Composite Model 
Containing 1 Circular Filler 

There are two cases for 2D Composite Model containing 1 
circular filler: (1) filler stiffer than matrix, and (2) matrix 
stiffer than filler. The Young’s modulus for case (1) are    
E matriks = 2 GPa (close to epoxy), E filler 1 = 35 GPa (close to 
Hemp fiber), E filler 2 = 50 GPa (close to glass). The results are 
shown in Figure 3 (a) as stress 1 and stress 2 for filler 1 and 
filler 2, respectively. The Young’s modulus for case (2) are E 
matriks = 2 GPa (close to epoxy), E filler 1 = 0.11 GPa (close to 
LDPE), E filler 2 = 0.8 GPa (close to HDPE). The results are 
shown in Figure 3 (b) as stress 1 and stress 2 for filler 1 and 
filler 2, respectively.  

Figure 3 shows that the stress is not homogeneously 
distributed. This is because of the presence of filler. As 
expected, higher stress occurs at the area containing stiffer 
components. 

 
Figure 3.  Stress Distribution for 2D Composite Model containing 1 
circular filler: (a) case 1 the filler is stiffer than matrix, and (b) case 2 the 
matrix is stiffer than filler 

4.2. Stress Distribution for 2D Composite Model 
Containing 2 Circular Fillers 

For 2D composite model containing 2 circular fillers, we 
use filler that is stiffer than the matrix. There are two cases: 
(1) the two fillers are arranged in series, and (2) the two 
fillers are arranged in parallel. The Young’s modulus of the 
components are E matriks = 2 GPa (close to epoxy), E filler 1 = 35 
GPa (close to Hemp fiber), E filler 2 = 50 GPa (close to glass). 
The results are shown in Figure 4 as stress 1 and stress 2, for 
filler 1 and filler 2, respectively.  

Similar with composite containing 1 filler, higher stress 
occurs at the area containing longer stiffer components. 
Figure 4 also shows that composite containing parallel filler 
shows higher maximum stress compared to that of series 
filler. The result indicates that the stress distribution is 
influenced by filler arrangement.  

 

Figure 4.  Stress distribution for 2D Composite Model containing 2 
circular fillers for the two types of filler arrangement: (a) series, and (b) 
parallel 

4.3. The Influence of Filler Arrangement and Filler 
Fraction on Young’s Modulus of 2D Composite 
Model Containing Circular Fillers 

Young’s modulus of a composite is ratio of stress to strain 
experienced by the composite. In this study, the stress of a 
composite model is average of the stress values along the X 
axis and the strain is equal to the total strain. The filler 
fraction for 2D composite model containing 2 fillers must be 
similar for both series and parallel arrangement. Using the 
composite dimension of (4x7) cm and the radius of every 
filler is 1 cm, it can be calculated that the filler fraction is 
22%. In order to study the influence of number of filler, the 
Young’s modulus of 2D composite model containing 1 filler 
that has same filler fraction, 22%, has been calculated. This 
composite model has a dimension of (7x4) cm and the filler 
with radius 1.41 cm is centred at (3.5,2) cm. All the Young’s 
modulus obtained from the calculation is shown in Table 2. 
The Young’s moduli of matrix, filler 1 and filler 2 are 2 GPa, 
35 GPa, and 50 GPa, respectively.  

Table 2 shows that for the same filler fraction, higher 
number of filler gives lower value of Young’s modulus. The 
Young’s modulus of 2D composite containing 1 filler is 
higher than that of containing 2 fillers both in series and 
parallel. It may relate to contact area between components in 
the composite, where higher contact area results in lower 
stiffness. This may relate to bonding between matrix and 
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filler, as the contact area is the location of bonding between 
them. Concerning 2D composite model containing 2 circular 
fillers, it can be seen that Young’s modulus of the composite 
also depends on how the fillers are arranged. Parallel 
arrangement results in higher value than that of series 
arrangement. 

Table 2.  Young’s modulus of 2D composite model with total filler fraction 
of 22% 

Total filler Young’s modulus 
(Filler 1) 

Young’s modulus 
(Filler 2) 

1 3.01 GPa 3.06 GPa 

2 in series 2.70 GPa 2.72 GPa 

2 in parallel 2.77 GPa 2.80 GPa 

To compare with the Voight and Reuss formulas, the 
Young’s modulus of composite with the same condition 
(equal Young’s modulus for every component and filler 
fraction) has been calculated using equation (1) and (2). The 
Young’s modulus of composite calculated using Voight 
formula using filler 1 and 2 is 9.25 GPa and 12.55 GPa, 
respectively. The Young’s modulus of composite calculated 
using Reuss formula using filler 1 and 2 is 2.52 GPa and 2.53 
GPa, respectively. It is known that Voight and Reuss 
formulas give the upper and lower limit of Young’s modulus 
of composites, respectively. As can be seen in Table 2, the 
calculated Young’s moduli are lower than Young’s modulus 
calculated by Voight formula but upper than that of Reuss 
formula. 

5. Conclusions 
This theoretical study on mechanical property of 2D 

composite model containing circular fillers shows the stress 
distribution on the composites. An area containing longer 
stiffer component has a higher stress. The stress distribution 
is influenced by the arrangement of the fillers.  

From the calculation of Young’s modulus of 2D 
composite model containing circular fillers, it can be 
concluded that Young’s modulus is not only affected by 
filler fraction, but also by the number and arrangement of 
fillers. For an equal filler fraction, higher number of filler 
gives lower value of Young’s modulus and parallel filler 
gives higher Young’s modulus than series filler. All the 
calculated Young’s modulus is higher than Young’s 
modulus calculated using Reuss formula but lower than that 
is calculated using Voight formula. 
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