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COMPOSITE MATERIALS – MECHANICAL BEHAVIOR OF ANISOTROPIC MEDIA 
Gordana Bogdanović
, Dragan Milosavljević2, Ljiljana Veljović3, Aleksandar Radaković4 
Summary: Composite materials in engineering practice are widely used. Such materials have notable feature that are anisotropic, having different mechanical properties in different directions. Here is special attention devoted to their mechanical behavior. Small changes of preferred direction have significant influence to stress strain relations in fibre reinforced layers. 
Fibre reinforced medium is here treated as homogeneous transversally isotropic. Formed is Riemann-Christoffel’s equation leading to three homogeneous linear algebraic equations, from which displacements amplitudes may be determined as well as displacements unit vectors. In such way problem may be analyzed as system of homogeneous algebraic equations.

Developed constitutive relations are accommodated for complete analysis of dynamical behavior of laminates. 
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1. INTRODUCTION
Materials as a composite materials consist two or more constituents such as fibres and matrix which make layers mutually bonded to form multilayered composite called laminate. Fibres carry loads giving strength of composite, and matrix bond fibres together and have role in transfer loads to fibre, forms outer shape of composite and between other properties defines its behavior influenced by environment. Fibres may be made of carbon, glass, aramid (such as kevlar) or metal. The most often fibres are 60-70% of composite volume, whilst matrices may be made of polymers, such as thermoplastics, epoxy resins etc, or metals, such as aluminum alloys, magnesium, ceramics etc.

Here is considered orthotropic materials modeled as fibre reinforced materials with one and two families of mechanically equivalent fibres. Constitutive equations employed here are developed for material which is made of unidirectionally reinforced thin sheets, whose combinations form model of material.

Here we study slowness surfaces, as indicators of dynamical behavior, analytically and numerically to obtain valuable information about wave propagation in arbitrary directions. Degrees of deviations of wave surfaces depend on degrees of anisotropy, and may give valuable information about dynamic deformations. 

2. CONSTITUTIVE EQUATION – TWO FAMILY OF FIBRES
Constitutive relations leads to linear equations of motion if strains are small enough. Generalized Hooke’s Law (postulated by Cauchy) may be expressed as 
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where 
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 is tensor of fourth rank, and their coefficients are called stiffness coefficients. Here and throughout the paper Einstein’s convention of summation over repeated indices is employed, and latin indices take valies 1, 2 and 3. 


In the study of linear elastic material, reinforced with two mechanically equivalent families of fibers, that is if the fibre direction is only property that can distinguish two families of fibers, obtained material is orthotropic. Strain energy 
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, for linear elastic materials, may be defined as quadratic of strain 
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e

 in form
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In the case when material is reinforced with two mechanically equivalent families of fibers, strain energy has nine material constants and has the most general form as (3), which leads to constitutive relation expressed as (4)
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The elasticity tensor may be calculated, as in [2], by taking next derivative with respect to strain tensor, according to the formula:
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2. PROPAGATION CONDITIONS  
Mechanical behavior of anisotropic media may be seen through examination of bulk waves. Bulk waves may be decomposed in finite plane waves which propagate along arbitrary direction 
[image: image10.wmf]n

 inside solid. Three polarization vectors are mutually orthogonal, but usually any of them are neither parallel nor perpendicular to propagation direction 
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. Taking fact that stiffness tensor 
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 possess well known symmetry relation one may write equations of motion as (where coma denote partial derivative with respect to corresponding coordinate).
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For plane wave motion displacements may be expressed as follows
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Substituting (6) in (7), taking into account that 
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, leads to Riemann-Christoffel’s equation, as in [1] and [2]

[image: image16.wmf]0

2

=

-

G

ik

ik

v

d

r









    (8)
where 
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 components of Riemann - Christofel’s tensor, which may be expressed as
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3. SLOWNESS SURFACES FOR MATERIAL REINFORCED BY TWO FAMILIES OF MECHANICALLY EQUIVALENT FIBRES -  NUMERICAL ANALYSIS AND CONCUDING REMARKS
If stiffness tensor is defined then for arbitrary propagation direction may be calculated phase velocities for all three waves, whose reciprocities represent points of corresponding slowness surfaces. In general, it is necessary to calculate wave surfaces numerically. The simplest way of calculation is, if crystallographic axes are known, to coincide axes of symmetry with coordinate axes. Numerical calculation was performed for material with material constants deduced from measurement of unidirectional carbon fibre epoxy resin composite material, measured in [3], with numerical values whereas density is given as 
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. Slowness surfaces, for material reinforced by two family of fibres in [4], are calculated in program pack MATLAB and presented in figures 1 and 2, for angles 
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, angle between plane 
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 and wave normal 
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 in so called sagittal plane, take values 
[image: image29.wmf]0

45

and 
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, and for different angles 
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 between two family of fibres. In these figures quasi-longitudinal waves are represented with solid lines, whereas two quasi-transversal waves are represented with broken lines.
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For considered material acoustic tensor has been formed, and determined, for different directions of wave propagation. This approach may be used as first approximation of dynamical behavior of real parts with anisotropic characteristics.
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