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THE FUNDAMENTAL SINGULAR SOLUTIONS DUE TO THE POINT AND RING
LOADS FOR A SEMI-INFINITE MEDIA CONSISTING OF
THE MULTI-LAYERED SOIL AND FLUID

N. Yoshida*, Y. Fujitani*#*

The authors have recently researched the method of seismic response analysis
of the rotational gravity offshore structure. The present report aims at deriv-
ing the fundamental singular solutions for a semi-infinite field consisting of
the multi~layered soil and fluid which are employed in the boundary-type of the
numerical analysis. These solutions are studied from the viewpoint of the three
dimensional wave theory. and utilized for the numerical investigation on the dy-
namic interaction between the structure and the external media. The fundamental
solutions of periodically oscillating point and ring loads enable us to analyse
the following physical quantities: 1. Added mass matrix of fluid. 2. Foundation
impedance matrix. 3. Seismic exciting force vector.

For axisymmetric analysis, the point loads are generalized to ring loads.
At first the displacement field due to the point loads for the multi~layered soil
is derived in a general form by means of the transfer matrix method. The solu~
tion for the ring loads is obtained by analytically integrating its application
around the ring. The solutions of the verosity potential due to a point source
and a ring one are also obtained in a similar manner.

The basic characteristics of the formulation is that the solution for the
soil is represented as the sum of one without the fluid layer and added terms due
to fluid motion, on the other hand the solution for the fluid is represented as
the sum of one obtained under the assumption of rigid soil and added terms influ-
enced by the movement of the soil surface.

Furthermore the obtained solutions are decomposed into the two parts: one is
the static component which is known well as Mindlin's solutions etc.. the other
is the dynamical component without singularities which is generally indicated by
the infinite integral.

For the axisymmetric problem. the static component is described by the as~
sociate legendre function. For computational purposes the legendre functions and
their derivatives are written in terms of elliptic function of the first and
second kinds. Therefore the singularity of the fundamental solution is explicit-
ly took out. This means that the singular integral appeared in the boundary
integral method can be efficiently calculated. While the dynamic component de-
scribed by the infinite integral can be transformed into the finite one because
the integrand satisfies Jordan's lemma.

Although the above mentioned matter is examined in the case of a semi-infi-
nite homogeneous media. a similar formulation might be applicable in an arbitrary
multi-layered one.

* Research Associate, Faculty of Engineering. Hiposhima University
*%Associate Professor, Faculty of Engineering. Hiroshima University
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