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To improve the survivability of a material subjected to high stress rates associated with impact, it is
necessary to understand the mechanisms responsible for a material’s behavior and to develop predictive
models capable of describing such behavior. Various experiments have been developed to character-
ize material properties by subjecting test specimens to uniaxial impact loads and measuring resulting
deformations and propagating stress waves. Simplified, one-dimensional models, which may be solved
analytically [1], have the following uses: (1) such models give insight into the behavior of materials sub-
jected to impact, (2) they suggest desirable constitutive properties [2] or design parameters, and (3) they
allow for the determination of constitutive properties from experimental results. Micropolar theories are
often used in the study of polycrystalline and granular media due to their ability to capture behavior not
described using classical continuum approaches [3]. These models possess additional degrees of freedom,
which are often associated with rotation and described with an additional vector field when compared
with classical continuum mechanics. For this work, a one-dimensional model is proposed to model the
impact of a micropolar body kinematically described with two displacement fields: one field associated
with longitudinal displacement and one associated with rotation. Note that the rotation is in the same
direction as longitudinal displacement, leading to a material referred to as a noncentrosymmetric one-
dimensional micropolar medium [4]. (This type of model is actually related to models used in the analysis
of rope, helical springs, and wood fibers.)

Two second-order partial differential equations result from the application of the balance of momen-
tum and the balance of angular momentum, yielding a mixed initial-boundary value problem consisting
of initial conditions, matching conditions at the interface of the projectile and target, and boundary
conditions on the free surfaces of the projectile and target. The resulting initial-boundary value problem
is solved using Laplace transforms. It should also be noted that impact produces a transient loading,
such that the harmonic solutions typically assumed for micropolar wave propagation problems may not
be employed.

The results of this analysis show two different waves propagating at two different wave speeds for both
the longitudinal and rotational displacements; the displacements may be used to obtain stress and couple
stress waves traveling through projectile and target. By choosing the constitutive properties properly,
the elastic solution may be recovered and the amount of coupling between longitudinal and rotational
deformation may be controlled. It is hoped that this research will provide a first step in the development
of models better suited to granular materials, in particular, the post-failure comminution behavior of
armor-grade ceramics [5]. Results from this preliminary work also suggest that features associated with
micropolar media may be studied using traditional plate impact tests.

References

[1] X. YuFeng and Z. DeChao, “Analytical solutions of impact problems of rod structures with springs,” Comput.
Methods Appl. Mech. and Engrg. 160, 315-323, 1998.

[2] G.A. Gazonas and D.H. Allen, “Stress waves and cohesive failure in a finite strip subjected to transient loading,”
Proc. 9th Int. Conf. Mech. Beh. Mater., May 2003, Geneva, Switzerland.

[3] R.D. Mindlin, “Micro-structure in linear elasticity,” Arch. Ration. Mech. Anal. 16, 51-78, 1964.

[4] M. Ostoja-Starzewski, “Lattice models in micromechanics,” Appl. Mech. Rev. 55, 35-59, 2002.

[5] G.A. Gazonas, “Implementation of the Johnson-Holmquist IT (JH-2) constitutive model into DYNA3D,” US
Army Research Laboratory Report ARL-TR-2699, March 2002, Aberdeen Proving Ground, MD.

Keywords: micropolar, wave propagation



