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The application of woven fabrics in composites manufacturing has increased because of their special 
mechanical behavior. Due to the complexity of modeling and simulation of these composites, in this 
research a micromechanics based analytical model has been developed to predict the elastic properties 
of woven fabric composites. The present model is simple to use and has a high accuracy in predicting 
the elastic properties of woven fabric composites. One of the most important effective factors on the 
modeling accuracy is utilizing a proper homogenization method. Therefore, a new homogenization 
method has been developed by using a laminate analogy based method for the woven fabric composites. 
The proposed homogenization method is a multi-scale homogenization procedure. This model divides 
the representative volume element to several sub-elements, in a way that the combination of the sub-
elements can be considered as a laminated composite. To determine the mechanical properties of 
laminates, instead of using an iso-strain assumption, the assumptions of constant in-plane strains and 
constant out of plane stress have been considered. Then, the proposed homogenization model has been 
combined with a micromechanical model to propose the new micromechanical model. The applied 
assumptions improve the prediction of mechanical properties of woven fabrics composites, especially 
the out-of-plane elastic properties. The proposed model is evaluated by comparing the predicted results 
with five available experimental results available in the literature, and the accuracy of the present model 
is shown. 
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Fig. 1 Diagram of steps of micromechanical model  
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Fig. 4 Discretization of RVE and layers stacking in sub -elements 
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Fig. 6 Layers stacking in a row 
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Fig. 7 Layers stacking in RVE 
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Table 1 Geometrical parameters of RVE 

  (mm)  (mm)  (mm)  (mm)  (mm)  (mm)  (mm)  
0.44 0.16 0.075 0.075 0.151 0.011 0.96 1.10 1  [17]  
0.25 0.15 0.050 0.050 0.230 0.230 0.50 0.50 2  [17]  
0.55 0.10 0.050 0.050 0.100 0.100 0.60 0.60 3 [16] 
0.35 0.20 0.100 0.100 0.320 0.320 0.70 0.70 4  [15]  
0.20 0.228 0.114 0.114 0 0 1.680 1.680 5 [21] 
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2  

Table 2 Mechanical properties of fibers 

  (GPa)  (GPa)  (GPa)  (GPa)   

0.26 14.3 24 40 230  1  [17]  

0.3 27.7 27.7 72 72  2 [17]  

0.2 30.4 30.4 73 73  34 5 [16]  

3  
Table 3 Mechanical properties of resin  

  (GPa)  (GPa)    
 

0.35 1.3 3.5  1  [17]  
0.35 1.3 3.5  2  [17]  
0.35 1.49 3.4  3  [16]  
0.35 1.3 3.5  4  [15]  
0.37 - 3.45   5 [21]   

4  1   [17]  
Table 4 Comparison of calculated woven fabric composite properties between example 1 and ref. [17]   

   (GPa)  (GPa)  
(GPa) 

 
(GPa)  (GPa)  (GPa)    

[17]  60.3 )56-61( 49.3 )47-50( - - - - - - - 

[17] 
PM 58.9 52.1 11.2 3.71 3.87 4.01 0.048 0.460 0.442 

CM 8.41 8.16 6.85 2.60 2.55 2.55 0.277 0.369 0.366 

  60.13 53.76 9.35 3.58 2.62 2.69 0.056 0.426 0.428 

5  2  [17] 

Table 5 Comparison of calculated woven fabric composite properties between example 2 and ref. [17]   

  =  
(GPa) 

 (GPa)  (GPa) =  (GPa)  =  

[17]  14.5 )10-16( - - - - - 

 [17] 
PM 14.4 8.51 2.90 2.95 0.184 0.385 

CM 5.05 4.87 1.8 1.8 0.355 0.351 
  14.67 6.29 2.60 1.84 0.190 0.414 
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7  4  [15]    

Table 7 Comparison of calculated woven fabric composite properties between example 4 and ref. [15]   

 =  (GPa)  (GPa)  (GPa)  (GPa)   

 [22] 18.634 8.346 3.190 2.422 0.1745 0.3720 

 [15] 15.569 7.398 3.485 2.712 0.1429 0.4206 
 18.933 7.685 2.900 2.322 0.1400 0.4000   

8   5  [21]   

Table 8 Comparison of calculated woven fabric composite properties between example 5 and ref. [21]   

 =  (GPa)  (GPa)  (GPa)  (GPa)   

[21]   11.81 6.14 2.15 1.84 0.181 0.408 

 [15] 11.17 5.42 2.32 1.90 0.146 0.465 

  11.83 6.24 1.93 1.87 0.162 0.460 
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