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Abstract  
This research aims to investigate the local aggregation effect on tensile strength of 
particulate composites with an embedded crack.  A micromechanical finite element model 
(FEM) accounting for the configuration of particle distribution was proposed to study the 
particle aggregation effect on the fracture behavior of composites.  Results reveal that 
increasing particle size can deteriorate the tensile strength of the composites.  The declining 
behavior would become worse as particle aggregation taking place.  Moreover, the 
decreasing tendency in tensile strength was also observed in the composites with high particle 
volume fraction in conjunction with high extent of particle aggregation.  Therefore, the 
phenomenon that the particle local aggregation in composites results in the reduction of 
tensile strength is in a good agreement with experimental observations.   

 
 

1 Introduction  
In past decades, particles in nano-sizes or micro-sizes have been extensively utilized as 
reinforcement in nanocomposite/composites.  However, because of interatomistic interactions, 
particle aggregation was often observed in the particulate composites/nanocomposites [1-3].  
Chen et al. [3] prepared the silica nanocomposites through in situ polymerization and 
blending methods.  TEM observation indicates that the samples obtained from in situ 
polymerization demonstrate more homogeneous particle distribution than those prepared from 
blending methods.  In addition, the samples with uniform particle dispersion also exhibit 
higher tensile strength.  Fekete et al. [4] addressed that as the particle size is less than a 
critical value, the severe particle aggregation would take place resulting in the reduction of 
tensile strength.  Moreover, Evora and Shukla [5] revealed that the particle agglomeration 
occurring in the samples with volume fraction greater than 1% is responsible for the 
consistent decrease of tensile strength.  The phenomena that as particles size decreases or 
particle volume fraction increases, the extent of aggregation raises were also reported by 
Moczo et al [6].  In light of aforementioned investigations, the extent of particles 
agglomeration is dependent on fabrication process, particle size and volume fraction.  
Furthermore, when aggregation occurs, the advantage of large surface area diminishes and the 
corresponding properties of composites are altered.  Although the particle aggregation is 
usually observed in the morphology of composites, its effect on the tensile strength of 
composites was seldom analyzed in literature.  In this study, a micromechanical finite element 
model (FEM) accounting for different degree of local particle aggregation was generated.  
The effect particle agglomeration in terms of different particle size and volume fraction was 
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Results reveal as particle aggregation taking place, the tensile strength of the composites 
would decrease.  The declining behavior would become significant when the particle size is 
larger or the particle volume fraction is higher.  On the other hand, when the initial crack is 
located in the particle/matrix interface, the tensile strength of composite with good particle 
dispersion is not influenced by volume fraction.  However, when the local aggregation occurs, 
the reduction rate in tensile strength is raising accompanying with the increment of particle 
volume fraction.  Thus, the local particle aggregation is a critical factor to influence the tensile 
strength of particulate composites.   
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