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 Research on microstructure of main engineering materials revealed that some of these materials exhibit 
similar microstructure patterns at different length scales. Since these patterns are replicated at different 
length scales the whole microstructure can be viewed as a set of periodic substructures. Homogenization 
technique for periodic microstructures has found many applications in simulation of composite 
materials by considering the geometry of fibers distribution. In this study a homogenization technique 
for periodic microstructures is developed. In this generalization a multi-step homogenization is being 
used. In each step of homogenization the geometry which is coincident with the true microstructure is 
produced to maintain the properties of the mechanical properties of the related cell. By using the 
presented method, effect of size and grading of each of the reinforcing phases and the interaction 
between fibers is taken into account. The results of the presented theory are compared with the existing 
experimental data on the particle reinforced composites. Good agreement between the presented theory 
and experimental data is found. 
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Fig. 1 Geometrical model of particles arrangement inside subsequent 
cells 
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Fig. 2 Particles arrangement in different cell types 
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Fig.  3 Comparison of homogenized mechanical properties resulted 
from different periodic cells  
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Fig. 4 Comparison of homogenized mechanical properties for  different 
accumulative distribution of particles  
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Fig.  5 Comparison of homogenized mechanical properties from multi-
step method with experimental data adapted from [28]  
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1    
Table 1 Mechanical properties of constituent materials in experimental tests 

 
)GPa(  )GPa(  )GPa( 

 

[28] 3.29 0.36 0.003 0.4998 - - 
[29] 1.075 0.35 88.9 0.2599 - - 
[30] 32.11 0.228 205.8 0.33 - - 
[30] 28.46 0.228 205.8 0.33 - - 
[30] 23.83 0.208 205.8 0.33 - - 
[31] 15 0.25 70 0.15 7.5 0.3 

 

  
Fig.  6 Comparison of homogenized mechanical properties from multi-
step method with experimental data adapted from [29]  
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Fig.  7 Comparison of homogenized mechanical properties from multi-
step method with experimental data adapted from [30]  
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