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COMPOSITE UNDER THE NORMAL DISTRIBUTION OF FIBER RADIUS
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This paper proposes a method of determining the effective longitudinal shear modulus for the composite 
material in the problem of longitudinal tensile composite. Object of study is unidirectional composite 
material with a hexagonal arrangement of fibers. The composite s fiber is represented as a solid 
cylinder, and the matrix corresponds a hollow cylinder. In the composite matrix and fiber are assumed to 
be transversely isotropic. The radius of the fiber is considered as a continuous random quantity, 
normally distributed, respectively, the volume content of the fiber in the composite is also a random 
quantity. Its mathematical expectation is expressed through the mathematical expectation and variance 
of the fiber radius. 
To determine the effective shear modulus of the composite is supposed to use the kinematic matching 
conditions. First, to solve the boundary value problem for joint deformation of an transversely  isotropic 
matrix and transversely isotropic fiber. For this, previously founding a general solution of the problem 
on axisymmetric deformation of isotropic cylinder under longitudinal tension, herewith uses the basic 
equations of elasticity theory in a cylindrical coordinate system. The obtained solution is used for 
determining the constituent elements of the tension and deformation of the fiber and the matrix. It is 
assumed, that at the contact surface of the matrix and the fiber is the normal displacement and tension of 
the fiber and the matrix are the same, axial movement of the fiber and the matrix are also equal for all 
values of the axial coordinate. The normal tension on the outer surface of the cylinder modeling the 
matrix are equal to zero. Found using these conditions, axial and radial displacements and tensions are 
functions of the fiber volume content in the cell matrix, as well as technical elastic constants of the 
matrix and the fiber. 
Next, obtained a solution corresponding to the boundary value problem for the composite. Here is a 
model of composite solid homogeneous transversely isotropic cylinder. This solution depends on the 
effective elastic constants of transversely isotropic material. For both tasks, axial tension is assumed to 
be constant. The ratio between the axial tension of the matrix and the fiber, and the axial tension in the 
transversely isotropic material model of the composite is determined by the equilibrium conditions. As 
the matching conditions for considering the problem of longitudinal tensile homogeneous transversely 
isotropic composite and joint longitudinal tensile of transversely isotropic matrix and transversely 
isotropic fiber are selected conditions of the axial displacement at arbitrary axial coordinate and equality 
of radial displacements on an outer surface of the cylinder, modeling composite. The use of such 
matching conditions allowed to determine the effective longitudinal shear modulus as a function of the 
determined values  the elastic constants of the matrix and the fiber, as well as random argument  the 
volumetric fiber content in the composite cell. Found mathematical expectation of this indicator. 
Methodology proposed in the paper also allows to determine the effective elastic constants for 
composites, having random characteristics with different distribution laws. 

Keywords: composite material, matrix, fiber, effective shear modulus, normal distribution, matching 
conditions. 
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