
NUMERICAL MODELS FOR COMPOSITES REINFORCED 

BY NANO-PARTICLES/FIBERS. 

M. Štiavnický1, V. Kompiš1, A. Munjiza2 
1Academy of the Armed Forces of General M. R. Štefánik, Department of mechanical engineering,     

L. Mikuláš, Slovak Republic 
2Queen Mary University of London, London, UK 

Abstract 

The paper is devoted to description of numerical models that would accurately and 

efficiently describe behavior of nano-materials and be able to predict its mechanical 

properties. BIE formulation similar to Method of Fundamental Solutions (MFS) is 

used but improved and enhanced to fit given purpose. The primary and secondary 

fields in modeled nano-material were observed with up to 784 of particles/fibers in 

interaction with each other. 

1 Model 

In the process of modeling some considerations have to be made. The particles/fibers are 
considered much stiffer than the matrix and ideal cohesion is supposed between matrix and fiber. The 
diameter of the fiber is several orders smaller than its length. To accurately model the nano-structure it 
is necessary to model all kind of effects like fiber-matrix interaction, fiber-fiber interaction and fiber-
boundary interaction. The local fields are important for local effect like micro-cracks, and fracturing of 
the matrix and far fields are important by modeling of larger structures using homogenized 
replacement of nano-material. The particles are modeled using dipole models where each triple dipole 
is acting as an autonomous particle. The properties like dimensions and shape can be given by various 
intensities of the dipole in all three directions. The displacement, stress and strains are computed as 
follows 
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There is strong singularity in stresses and strains.  

The fibers are modeled using dipoles which are oriented along the axis of the fiber (Fig. 1). The 
prescribed boundary conditions are met by solving a system of equations with intensities as unknowns. 
The fiber is considered rigid and the interactions are based on interacting strains. The method is 
similar to MFS as it is a meshless method and does not need any integration. 
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Figure 1: Model of fiber 

But if the fibers are very thin a poor accuracy is given as the consequence. Therefore to improve 
the accuracy polynomial approximation together with continuous source function is used. The integral 
on the length of the fibers are solved analytically and the approximated by 5th order polynomial which 
gives more simplification to the model and improve the accuracy at the same time. The following 
integrals have to be evaluated 
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Intensities of the source functions are smooth along the fiber axis. Minor improvements are 
needed on the ends of the fiber where the numerical instability causes a fluctuation in the fields. 

2 Results 

As a result a pack of long fibers have been modeled interacting with matrix and each others. The 
fiber have aspect ratio of 500, matrix material is linear elastic with young modulus of 1000 and poison 
number of 0.3. The far field strain is 0.01 and the distance between fibers is 10R in the direction of 
fiber axis and 3R in the perpendicular direction.  

 

Figure 2: The stiffening effect 
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Figure 3: Displacements in the direction of fiber axis on the fiber boundary and in distance 40R from 
the boundary 

 

Figure 4: Stresses on the fiber boundary and in distance 40R from the boundary 

 

 

Figure 5: Intensity of the dipoles along the fiber axis 
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3 Conclusion 

In the paper it is shown a method to effective model composite materials reinforced with stiffer 
particles/fibers. Continuous dipole models enable us to simulate far fields and near fields as well. Due 
to large gradients worser accuracy is achieved on the ends of the fibers.  
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