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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. 4 Discretization of RVE and layers stacking in sub -elements 
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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 

        

 [15]   
  [22] 
   .7     

  
 .

  
[21] [15]  

     .
8  

8   
    .

[15] 
 .[21] 

26  .
 ) 14 (

20 1  .
  

   
  .  

-5  
  

     
  .   

   
  

   
  

  .
   .

      
   .     

  .  
  . 

    
  .

  
   

  . 
   .

   
  

   

-6 
[1] R. Tanov, A. Tabiei, Computationally efficient micromechanical 

models for woven fabric composite elastic moduli, Journal of 
Applied Mechanics, Vol. 68, No. 4, pp. 553-560, 2001. 

[2] N. Naik, P. Shembekar, Elastic behavior of woven fabric 
composites: I—Lamina analysis, Journal of Composite Materials, 
Vol. 26, No. 15, pp. 2196-2225, 1992. 

[3] J. Crookston, A. Long, I. Jones, A summary review of mechanical 
properties prediction methods for textile reinforced polymer 
composites, Proceedings of the Institution of Mechanical 
Engineers, Part L: Journal of Materials Design and Applications, 
Vol. 219, No. 2, pp. 91-109, 2005.  

[4]  S.  L.  Angioni,  M.  Meo,  A.  Foreman,  A  comparison  of  
homogenization methods for 2-D woven composites, Composites 
Part B: Engineering, Vol. 42, No. 2, pp. 181-189, 2011. 

[5] A. Adumitroaie, E. J. Barbero, Stiffness and strength prediction for 
plain weave textile reinforced composites, Mechanics of Advanced 
Materials and Structures, Vol. 19, No. 1-3, pp. 169-183, 2012. 

[6] P. Kowalczyk, Enhanced geometric model for numerical 
microstructure analysis of plain-weave fabric-reinforced composite, 
Advanced Composite Materials, Vol. 24, No. 5, pp. 411-429, 2015. 

[7] M. Komeili, A. Milani, The effect of meso-level uncertainties on 
the mechanical response of woven fabric composites under axial 
loading, Computers & Structures, Vol. 90, pp. 163-171, 2012. 

[8] M. Rao, M. Pantiuk, P. Charalambides, Modeling the geometry of 
satin weave fabric composites, Journal of Composite Materials, 
Vol. 43, No. 1, pp. 19-56, 2009. 

[9] P. Kowalczyk, Parametric constitutive model of plain-weave fabric 
reinforced composite ply, Advanced Composite Materials, Vol. 25, 
No. 3, pp. 287-303, 2016. 

[10] N. Naik, E. Sridevi, An analytical method for thermoelastic 
analysis of 3D orthogonal interlock woven composites, Journal of 

D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir 

at
 5

:0
5 

IR
D

T
 o

n 
S

un
da

y 
S

ep
te

m
be

r 
20

th
 2

02
0

https://mme.modares.ac.ir/article-15-661-en.html


    

           

1395167  11  

Reinforced Plastics and Composites, Vol. 21, No. 13, pp. 1149-
1191, 2002. 

[11] N. Naik, V. Ganesh, An analytical method for plain weave fabric 
composites, Composites, Vol. 26, No. 4, pp. 281-289, 1995. 

[12] S. L. Angioni, M. Meo, A. Foreman, A critical review of 
homogenization methods for 2D woven composites, Journal of 
Reinforced Plastics and Composites, Vol. 30, No. 22, pp. 1895-
1906, 2011. 

[13] T. Ishikawa, T.-W. Chou, Stiffness and strength behaviour of 
woven fabric composites, Journal of Materials Science, Vol. 17, 
No. 11, pp. 3211-3220, 1982. 

[14] Z. ming Huang, The mechanical properties of composites 
reinforced with woven and braided fabrics, Composites Science 
and Technology, Vol. 60, No. 4, pp. 479-498, 2000. 

[15] I. Ivanov, A. Tabiei, Three-dimensional computational micro-
mechanical model for woven fabric composites, Composite 
Structures, Vol. 54, No. 4, pp. 489-496, 2001. 

[16] D. Scida, Z. Aboura, M. Benzeggagh, E. Bocherens, A 
micromechanics model for 3D elasticity and failure of woven-fibre 
composite materials, Composites Science and Technology, Vol. 59, 

No. 4, pp. 505-517, 1999. 
[17] S. Z. Sheng, S. Van Hoa, Three dimensional micro-mechanical 

modeling of woven fabric composites, Journal of Composite 
Materials, Vol. 35, No. 19, pp. 1701-1729, 2001. 

[18] Z. M. Huang, A unified micromechanical model for the mechanical 
properties of two constituent composite materials, Part I: Elastic 
behavior, Journal of Thermoplastic Composite Materials, Vol. 13, 
No. 4, pp. 252-271, 2000. 

[19] Z. M. Huang, Fatigue life prediction of a woven fabric composite 
subjected to biaxial cyclic loads, Composites Part A: Applied 
Science and Manufacturing, Vol. 33, No. 2, pp. 253-266, 2002. 

[20] P. Chou, J. Carleone, C. Hsu, Elastic constants of layered media, 
Journal of Composite Materials, Vol. 6, No. 1, pp. 80-93, 1972. 

[21] R. V. Marrey, B. V. Sankar, A micromechanical model for textile 
composite plates, Journal of Composite Materials, Vol. 31, No. 12, 
pp. 1187-1213, 1997. 

[22]P. W. Chung, K. K. Tamma, Woven fabric composites—
developments in engineering bounds, homogenization and 
applications, International Journal for Numerical Methods in 
Engineering, Vol. 45, No. 12, pp. 1757-1790, 1999. 

D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir 

at
 5

:0
5 

IR
D

T
 o

n 
S

un
da

y 
S

ep
te

m
be

r 
20

th
 2

02
0

https://mme.modares.ac.ir/article-15-661-en.html

