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Abstract. This work presents a direct boundary element method (BEM) in the Laplace
domain for transient dynamic analysis tbe threedimensional (3D) homogeneolisear
anisotropic elastic bodie®roposedoundary elemenfiormulation is applied together with

the modified Durbinbés met hod f odomamreselts.se L a
Implementation of the proposed method is tested by comparing the numerical results with
those obtainedith the finite element method software.

1. Introduction
The mundary element method @swell-established andowerful numerical methodndhas
been widely usedor isotropic elastodynamic problemsoWever a very few worksare
dedicated to the traresit analysis of anisotropic elastic solitt®causeonly integral
representations of the dynami c [4.nMos oftthe opi C
formulations employ the duateciprocity techniquefirst introduced by Nalini and
Brebbia[ 2] becaiseit requires only static furainentakolutions

In this paper, d.aplace domairdirect BEM formulationfor the dynamic problems of
anisotropic elasticity is presented. Time domain solutemsapproximated by anodified
D u r b mumerical Laplace trafam inversionroutine. An example problem is solved using
the proposed formulation and the results are comparedsulitfionsobtained using the finite
element method.

2. Problem statementand BEM formulation
Consider a thredimensionagl homogeneous dnlinear elastic anisotropibody and let

Wi R® denote the region of space occupied by this bdtig. governing equations fdinear
elasticitywithout body forcearerepresenteth terms of the displacement vectgras follows

CiaUg; =78 in W, i, j,k1=13 Q)
whereC,, is thestiffnesstensorand r is the mass density.

Boundary conditions are given as follaws
u=u onG', 2
t =t onG, €)
where t; =s;n; is the traction vector witm; being the outward unit normal vector to the
boundary G=pW=G'C G, G' and G denote the Dirichlet and Neumann boundaries,
respectively.



Throughout the paper, zero initial conditions are assumed
u(x,t) =l (x,t) =0 for t =0. 4
In order to suppass time variable we employ the Laplace transform

L{f(x,0)}=f(x,8) = nﬁf (x,t)e it (5)

where s=a +iw is the transform parametekpplying the Laplace transform to Eq1)(3)
under zero initial conditions we obtain

in (6)
on G, (7)
on G, 8)

where ovéine denotes a transformed variable.

BIE and boundary element formulation. The boundary integratepresatation of
Eq.(6) can be obtained by utilizing threciprocal relatiorbetweentwo elastodynamic states
with the samd.aplacetransformparametes, one ofthe states being thieindamentatolution
of Eq.(6), and is formulated as

9)

where (p.v.) denotesa Cauchy principal value dghe singular integral, is the freeterm
matrix, X and y represent the source and the field points, and i transformed
displacemat and traction vectorsomponents and are the dynami@nisotropic

elastic displacementand tractionfundamental solutionsn the Laplace domainSince
closedforms expressions for fundamental solutionse aunavailable, we employ
correspondingintegral representatign[1, 3]. In addition, we useinterpolation approach
proposed by Wilson and Crus§ fo calculate thetatic pars of the fundamental solutions

A numerical implementation of Eq. (9) is carriedt by themixed boundary elemeat
approach %]. The boundary surface is approximated byuadratic quadrilateral elements
the displacements and tractions are approximated by qualdteral linear and constant

elements, respectivelfter applying thecollocation techniqudor spatial discretizationof
Eq.(9) and enforcing the boundary conditions we obtie resulting system of linear
equations which igparameterizedy the Laplae transform variabls. It only remains to
invert solution back to the time domain.

3. Numerical inversionof Laplace transform
The invere Laplace transforns defined as the following contour integral

(10)

where is thearbitraryreal constant greater than the real paftall singularitiesin

Whenvaluesof are availablenly atthe samplepoints analyticalevaluation of

integral in Eqg. (1Pis impossile. Supposing we havethe following expressions
[6] (for conveniencéhe spatial variable is omittedhereinaftey

(11



