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2-D ELASTODYNAMIC FUNDAMENTAL
SOLUTION FOR DISTRIBUTED LOADS AND
BEM TRANSIENT RESPONSE ANALYSES OF
HALFPLANE PROBLEMS

Hirokazu TAKEMIYA*, Canyun WANG"
and Akihiro FUJIWARA***

A closed form solution for the 2-dimensional problem to evaluate the displacement
and stress of an clastic fullspace subject to sudden distributed forces is developed. The
force is expressed in a form of multinomial function of space and time variables over
strips and time increments. The solution procedure is to utilize the Fourier-Laplace do
main transform with the Cagniard-de Hoop method for the inversion. The application
to the boundary-initial value problems is demonstrated for the Lamb's problem and for
the seismic wave scattering propagation problem. The former makes the validation of
the present solution and the latter provides the useful information on ground motions
at irregular sites.
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1. INTRODUCTION

Currently, various boundary element methods
(BEM) are extensively used for the analysis of
elastodynamic problems of infinite boundary. In
the earthquake engineering field, the irregular site
response analysis and the soil structure interaction
problems which precludes the analytical solution,
are the most successfully applied area among
others.

Since the pioneering work by Cruse and Rizzo"
(1968) which utilized the Laplace transform to
solve a halfplane wave propagation due to a surface
loading (Lamb's problem2', 1904), a modified
version was developed by Manolis and Beskos3'
(1981), and the Fourier synthesis approach was
taken for the steady state harmonic solution by
Niwa et al4) (1976). A direct time domain
procedure, on the other hand, was shown by Cole
et al5) (1978) for the analysis of transient antiplane
motions with explicit time stepping scheme. The
similar technique is used by Niwa et al6) (1980) who
employed the simpler three dimensional fun
damental solution for the two-dimensional plane
stree/plane strain cases. Manolis7' (1983) per
formed a comparative study on the frequency and
time domain BEMs for the wave scattering and
propagation around a cylindrical cavity in the
medium under a specified wave incidence. Karaba-
lis and Beskos8' (1984) computed an impulse
response of a surface rigid body. Mansur and
Brebbia" (1985) formulated the time domain
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boundary element method in the same scheme for a
scalar wave problem.

Compared to the frequency domain approach,
the direct time domain method is more suited to

the boundary-initial value problems in elastodyna-
mics. The fundamental solution for a point load to
a full space constitutes displacement and traction
kernels in the boundary integral equation. The
time domain BEM formulation, after discretization
by introducing polynomial interpolation functions,
involves the elementwise double convolution

integral both in time and space variables on such
kernels. The conventional procedures have taken
the numerical quadrature for the space integration
and the analytical time stepping algorithm for the
time convolution integral. Besides the singularity in
the fundamental solution, special care should be
taken in the integration process for the causality
condition. Israil and Banerjee10' (1982) derived an
explicit form for this. Mansur1" (1985) took a
complicated manipulation of the Heaviside func
tion for the traction kernel, which is still implicit
since it is based on the prior assumption on
temporal displacement variation. Wang and
Takemiya12 (1992) have developed an analytical
solution method for the 2-dimensional scalar wave

problem through the integral transform procedure
with use of the Cagniard de-Hoop technique13
(1959/1960). We can note that the above integral is
tantamount to evaluating the Green function for a
distributed force whose description is given by
multinomial functions.

The Navier equation for the in-plane motion of
an elastic medium is governed by a coupled shear
(5-wave) and pressure wave (P-wave) field.
Introducing the displacement potential function
separates the wave field is split into the indepen-
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