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Abstract: Wave propagation in visco-elastic materials with gradient density is really complex. In order to understand the
responses of the visco-elastic materials to impact load, a series of theoretical equations for wave propagation in density-graded
visco-elastic materials were proposed by employing the Euler form of the governing equations and the Laplace transform
method. According to these equations, the wave propagation in the two-layer periodically-superimposed media with
perpendicular incidence was analyzed. The Ti-TiB, material with gradient density characteristics and the carbon-fiber-
reinforced resin composites with strong visco-elastic properties were selected as experimental subjects to carry out dynamic

impact tests by applying a split Hopkinson pressure bar (SHPB) device. To better reflect the influences of the gradient
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characteristics on the dynamic responses of the materials, the experimental specimens were prepared by using different
stacking directions and modes. The data obtained by the SHPB device were analyzed by the three-wave method. Moreover,
according to the incident wave and transmission wave obtained by the SHPB device, the wave propagation equations proposed
for the visco-elastic media with gradient density were applied to obtain the corresponding theoretical solutions. And the
calculated theoretical solutions were compared with the experimental results. The comparisons display as follows. (1) Due to
the internal interface and the superimposed interface, the graded Ti-TiB, materials show certain viscosity properties. For
single-layer Ti-TiB, specimens, the theoretically calculated results are approximately consistent with the experimental ones
analyzed by the three-wave method. But there lie some differences for two-layer Ti-TiB, specimens. (2) The two-layer carbon
fiber reinforced resin composites exhibit stronger visco-elastic characteristics, and the attenuation amplitude of stress wave is
larger. There are obvious differences between the experimental results analyzed by the three-wave method and theoretically
calculated ones. As a consequence, the influences of the viscosity produced by the meso-structures and the viscosity of the
material itself on the dynamic behaviors of the macro medium cannot be ignored.

Keywords: gradient density; viscoelastic material; multilayer material; impact properties
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Fig. 1 Schematic diagram of a two-layer periodically-superimposed medium with normal incidence
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Fig. 6 Density change of prepared carbon-fiber reinforced resin composites with carbon fiber mass fraction
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Fig. 8 Comparison of stress-time curves in the equivalent gradient-density materials with those in two-layer superimposed specimens
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