Static Green’s functions in multilayered
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This paper presents an efficient and accurate method for the calculation of static Green’s functions in a
multilayered transversely isotropic or isotropic half space. The cylindrical system of vector functions and the
propagator matrix method are used to derive the Green'’s functions in the transformed domain. The
well-known exponentially growing elements in the propagator matrix are fractionated out by propagating the
matrix either upwards or downwards, depending upon the relative vertical location of the source and field
points. The Green’s functions in the physical domain are evaluated numerically by an adaptive Gauss
quadrature with continued fraction expansions. Numerical examples are presented to show that very accurate
Green’s functions.with relatively less Gauss quadrature points can be obtained. These examples also show
clearly the effect of material layering and anisotropy on the displacement and stress fields. © 1997 by Elsevier

Science Inc.
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1. Introduction

Since many physical problems can be modeled as a lay-
ered system a lot of research has been carried out related
to layered structures. These studies cover the areas of
piezoelectricity,! thermomechanics,>* microelectronics,*>
electronomagnetics,® poroelasticity,”® viscoelasticity,” '
elastostatics,!' "' and finally, elastodynamics.!* !¢
Numerically, layered structures can be analyzed by
either the domain-discretization methods (e.g., the FEM)
or the boundary element method (BEM). The latter, how-
ever, is more suited than the former to cases where better
accuracy is required due to problems such as stress con-
centrations or where the domain of interest extends to
infinity. It is noted that when solving problems in a
layered system the beauty and main advantage of the
BEM (i.e., discretization of the problem on boundaries
only) may be lost if one approaches the problem by the
sub-domain method (i.e., discretizing along each interface
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combined with suitable continuity conditions there). An
alternative approach that can strictly preserve the BEM’s
beauty and main advantage is to apply the BEM formula-
tion to the layered system with the Green’s functions
being those in the layered system instead of being those in
a homogeneous and infinite domain. By so doing, no
discretization along each interface is necessary while each
layer is strictly discrete. Therefore the key point in the
BEM modeling of layered systems is to provide the Green’s
functions for such systems.

Previously, several approaches have been suggested for
calculating the required Green’s functions in the layered
system for the BEM:

The first method is the state-space approach (or the
mixed method of elastodynamics) as studied by Bahar,!”
Rao and Das,'® Abhyankar and Chandrashekara,'® and
Chandrashekara and Santhosh?® for the elastodynamic
case. In this method solutions are expressed by multiplica-
tion of the matrices, which are functions of the horizontal
differential operators. The involved operators can be re-
leased only for very simple side-boundary geometries (e.g.,
a rectangular plate with simply supported boundaries) or
for horizontal boundaries that extend to infinity.

The most popular approach towards a horizontally infi-
nite and layered system is, however, the transformation
method in which the Fourier or Hankel transform is used
to suppress the horizontal variables (x,y or r,8). The
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