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Two boundary integral equation methods for linear
clastodynamics problems on unbounded domains *

S. Fallettal G. Monegatof L. Scuderi®

Abstract

We consider (transient) 3D elastic wave propagation problems in unbounded isotropic ho-
mogeneous media, which can be reduced to corresponding 2D ones. For their solution, we
propose and compare two houndary integral equation approaches, both based on the coupling
of a discrete time convolution quadrature with a classical space collocation discretization. In
the first approach, the PDE problem is preliminary replaced by the equivalent well known (vec-
tor) space-time boundary integral equation formulation, while in the second, the same PDE is
replaced hy a system of two (coupled) wave equations, each one of which is then represented
by the associated boundary integral equation. The construction of these two approaches is
described and discussed. Some numerical testing are also presented.

KEY WORDS: elastic wave propagation; space-time boundary integral equations; discrete
convolution quadrature; collocation method.

1 Introduction

In this paper we consider (transient) 3D elastic wave propagation problems in unbounded
isotropic homogeneous media, which can be reduced to corresponding 2D ones. This is the
case, for example, of problems defined on the exterior of a bounded rigid domain, which are
invariant in one of the cartesian directions.

For their solution, in the next section we first apply a classical space-time boundary integral
formulation approach (see, for example, [4, 18]), which is then discretized by combining a
discrete time convolution quadrature with a classical space collocation method (see [7, §]).
Approaches of this type, with the collocation discretization replaced hy a Galerkin one, have
been already used by several authors to solve 3D elastodynamic interior problems (see, for
example, [10, 2, 13]); for 2D problems see [17].

*We acknowledge that the present research has been performed in the framework of MIUR grant Dipartimenti
di Eccellenza 2018-2022 and supported by GNCS-INDAM 2018 research program: Sviluppo di tecniche efficienti e
accurate per metodi BEM.
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Abstract We consider (transient) 3D elastic wave propagation prohlems in nnhounded isotropic
homogeneous media, which can be reduced to corresponding 2D ones. For their solution, we
propose and compare two boundary integral equation approaches, both based on the coupling of a
discrete time convolution quadrature with a classical space collocation discretization. In the first
approach, the PDE problem is preliminary replaced by the equivalent well known (vector) space-
time houndary integral equation formulation, while in the second, the same PDE is replaced by a
system of two (coupled) wave equations, each one of which is then represented by the associated
boundary integral equation. The construction of these two approaches is described and discussed.
Some munerical testing are also presented.

Key words: elastic wave propagation; space-time boundary integral equations; discrete convolution
quadrature; collocation method.

1. Introduction

Since many decades, a large number of papers have been published on the numerical
solution of transient elastodynamic problems, defined on bounded or unbounded domains,
by means of their well-known (time dependent) spatial Boundary Integral Equation (BIE)
representation. Several numerical approaches have been proposed with satisfactory results.
In general, problems have been solved by working in the Laplace or Fourier transform spaces
(see [4, 14]), where a classical Boundary Element (BE) method is then applied, after which
a numerical inversion of the results to the time domain is performed.

Later, the same problems have also been solved by using their space-time BIE representa-
tion, first coupling a time-marching (quadrature) rule with a (BE) spatial discretization (see

We acknowledge that the present research has heen performed in the framework of MIUR grant
Dipartimenti di Eccellenza 2018-2022 and supported by GNCS-INDAM 2018 research program:
Sviluppo di tecniche efficienti e accurate per metodi BEM.
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T —— equivalent well known (vector) space-time boundary integral equation formulation,
Elastic Wave propagation while in the second, the same PDE is replaced by a system of two (coupled) wave
Space-time boundary integral equations equations. each one of which is then represented by the associated boundary integral
Discrete convolution quadrarure equation. The construction of these two approaches is described and discussed. Some
Collocation method numerical testing are also presented.
02019 ElsevierLed. All rights reserved.

1. Introduction

Since many decades, a large number of papers have been published on the numerical solution of transient elastody-
namic problems, defined on bounded or unbounded domains, by means of their well-known (time dependent) spatial
Boundary Integral Equation (BIE) representation. Several numerical approaches have been proposed with satisfactory
results. In general, problems have been solved by working in the Laplace or Fourier transform spaces (see [1,2]), where
a classical Boundary Element (BE) method is then applied, after which a numerical inversion of the results to the time
domain is performed.

Later, the same problems have also been solved by using their space-time BIE representation, first coupling a time-
marching (quadrature) rule with a (BE) spatial discretization (see [3,4]), and then replacing the previous time integration
formula with a discrete (time) convolution quadrature due to Ch. Lubich [5] (see, for example, [6-9]). This quadrature
has some very nice fearures, which include the use of the FFT to compute its coefficients, whence the sums of all the
corresponding boundary integrals. For the latter approach we are not aware of stability and convergence (theorertical)
results, except for those recently obtained in [10]. In this paper, the authors have examined a Lubich-BE Galerkin approach
for the solution of a particular wave-structure interaction problem, proving its stability and convergence. We are not
aware of similar results for a Lubich-BE collocation approach, in spite of the numerical evidences given by the many
authors that have applied this method.
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