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Analysis of linear visco-elastic spherical waves
based on ZWT constitutive equation”

Lu Qiang', Wang Zhan-jiang', Wang Li-1i*, Lai Hua-wei’, Yang Li-ming”
(1. Northwest Institute of Nuclear Technology . Xi’an 710024, Shaanxi, China;
2. Mechanics and Materials Science Research Center, Ningbo University ,
Ningbo 315211, Zhejiang, China;
3. Department of Municipal Engineering » Zhejiang Water Conservancy and H ydropower College ,
Hangzhou 310018, Zhejiang, China)

Abstract: For the explosion and shock loading in the 1—100 ps time scale, the linear visco-elastic
ZWT constitutive equation under a three-dimensional stress state was derived by ignoring the relaxa-
tion effect of the low-frequency Maxwell element and the nonlinear spring element. Based on the basic
kinetic equation of the spherical wave and the linear visco-elastic ZWT constitutive equation, the third-
order wave equation depicted by the displacement u was obtained. The absorption and dispersion phe-
nomena of the spherical wave propagation in the visco-elastic solid were analyzed. Conclusions are as
follows: the attenuation factor of the high-frequency spherical wave is inclined to constant, and its
phase velocity to that of high-frequency longitudinal wave; the attenuation factor of the low-frequency
spherical wave is in direct proportion to the square o’ of the circular frequency, and its phase velocity
is inclined to that of the low-frequency longitudinal wave; the phase velocity of the low-frequency
spherical wave is less than that of the high-frequency spherical wave, and the ratio between them is
related to the Poisson ratio as well as the elastic modules of the ZWT and Maxwell elements.

Key words: mechanics of explosion; third-order wave equation; linear visco-elastic ZWT (Zhu-Wang-

Tang) constitutive equation; spherical wave; shock wave; attenuation
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