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Long Wavelength Scattering Approximations for the Effective Elastic
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Abstract

The effective elastic properties of materials containing spherical inclusions were calculated by the elastic
wave scattering theory. In the formulation additional scattering fields by the presence of random multiple
scatterers that affects the effective properties were found by the single scattering approximation. In calculating
the scattering fields the ensemble average on the displacements and strains inside the scatterer was found from
the static approximation at long wavelength limit. The displacements were assumed to be equal to the incident
field, while the strains were calculated by Eshelby’s equivalent inclusion principle on the single inclusion
problem. Four different models were considered and they reflected different degrees of multiple scattering
effects based on the approximation introduced in the process of embedding the inclusion in the matrix. The
expressions for the effective elastic constants were given in each model, and their relations to the results
obtained from other scattering theory and elasticity theory were discussed. The theoretical predictions were
compared with experimental results on the epoxy matrix composites containing tungsten particles of different
sizes and volume fractions
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Table 1 Elastic parameters of epoxy resin and
)]
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Constituent Epoxy resin | Tungsten

Density (g/cm’) 1.26 19.3
Bulk modulus (GPa) 5.26 305.45
Shear modulus (GPa) 1.64 162.31
Longitudinal velocity 2430 5200
(m/s)

Shear velocity (m/s) 1140 2900
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system with experimental values.
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