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Abstract

Riemann-Cartan geometry is used to model continuum with defect. If elastic waves
propagate in an infinite continuum with uniform and stationary defects density we
observe dispersion, attenuation and anisotropy with a large spectral dependence. Chi-
rality and uniform breathing vibrations are observed too [1]. In a second test, defects
are concentrated in a cylindrical domain. We compare results obtained with this con-
tinuum model when the cylinder’s radius tends toward zero with other works related
to diffraction of a single screw-dislocation line.

Introduction

This paper is interested on medium for which displacement (vector field) are not continuous
as it can be observed on lattice undergoing dislocations. Diffraction of a single dislocation
line embedded in a perfect elastic medium has been already addressed in e.g. [2, 3, 4]. In
real media the density of structural defect is very large. Hence we propose a full mesoscopic
model with smooth continuous density of structural defect in order to use the formalism
of generalized continua e.g. [5]. The price to pay is to modify the material geometry. In
Riemann-Cartan (RC) manifold, the transformation of a continuum is described by the
metric (measuring the shape change) but also an affine connection ∇ replacing the classical
gradient operator ∇ [6]. This connection is enriched by torsion tensor and gives rise to
curvature tensor. Torsion is related to the incompatible part of a deformation [7] and may
be interpreted as the density of Burgers vectors.

Continuum model

The RC geometry is used to derive the mechanical conservation laws. For a linear consti-
tutive law we obtain a 3D propagation equation which extends the Navier equation on an
arbitrary RC manifold with uniform and stationary torsion density. We present both ana-
lytical and numerical dispersion equations for various direction of propagation, frequency
and density of dislocation. These dispersion equations are related to one quasi-longitudinal
wave and two quasi-transversal waves. In addition the wave has a chiral behavior [8] for
large propagation distance.
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Discrete dislocation

In a second step, we consider an uniform elastic medium with no torsion outside a circular
cylinder oriented along e3. The torsion density in this sub-domain is an uniform density
of screw dislocation with Burgers vector along e3 (T 3

12
6= 0). The Navier equation is then

rewritten in cylindrical coordinates and a classical scattering problem is solved supposing
continuity of both displacements and stress at the cylinder boundary and Sommerfeld
radiation condition at infinity. Scattering problem is addressed for shear and longitudinal
incoming wave propagating perpendicularly to the cylinder’s axe (2D elastic scattering
problem).
For a single dislocation line, the torsion density is a Dirac distribution. We give some
analytical results for transverse and longitudinal incoming and scattered wave according
to asymptotic solution as the radius tends toward zero. Numerical simulations are also
performed. Interesting results are given in term of mode-conversion and velocity of the
dislocation line. Comparison is performed with other models of dislocation [3, 9, 10]
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