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Boundary Element Analyses for Effect of Irregular Topography
on Dynamic Soil-Structure Interaction

Hiroshi Kawase* and Shoichi Nakai*

A detailed effect of topographic features upon soil-structure interacion
under the earthquake loading would be of great value to the security of struc-
tures. Numerous attempts for several simple problems have been made theoretically
or numerically by the numbers of investigators. In those studies, the boundary
integral equation method (BIEM), the finite element method (FEM), or the finite
difference method (FDM) have asserted their efficiency. In recent years, however,
a new technique of the boundary solution method called '"the boundary element
method" have been presented as a case of weighted residual formulations. Boundary
element solutions offer important advantage over domain type methods, such as
FEM and FDM, because of the smaller resulting systems of equations and the con-
siderable reduction in the data required to solve a problem. The purpose of the
present study is to introduce a boundary element approach for calculating the two
dimensional soil-structure interaction including irregular topographies, such as
a vertical boundary, a circular cavity, and a circular rigid inclusion.

By the weighted residual technique the equation of motion of the linear iso-
tropic elastic body, Eq.(l), can be represented as a integral form, Eq.(6). We
can obtain Eq.(7) integrating Eq.(6) by parts. If we choose a weighting function
as the fundamental solution defined by Eq.(8), the problem is reduced to a bound-
ary problem with the non body forces, as indicated by Eq.(1l), which can be
easily solved by the introduction of the finite element discretization scheme
((Eq.(17)). The method is essentially suited for solving two dimensional anti-
plane problems by the use of a semi-infinite Green's function.

In the present study, the responses of

(1) a foundation located near the vertical free surface or the rigid rock
(Fig.3), and

(2) a foundation located above the circular cavity or the circular rigid inclu-—
sion (Fig.10)

due to incident SH waves are analyzed by the boundary element method. From these

analyses, it is pointed out that

(a) the impedance function of a foundation located near the irregular topography
is very sensitive to the change of frequency compared to the case of the half
plane, and

(b) the existence of the irregularity increases the first resonant peak at the
natural frequency of the foundation-soil system and the additional peak
excitations occur at rather high frequencies which coincide with the natural
frequencies of a shear beam assumed to be located between the foundation and
the irregularity.

* Shimizu Construction Company, Ltd.
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