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ABSTRACT

The method which is proposed is based on a finite element modélisation for the
soil and the structure and a time history calculation. It has been developed
for plane and axisymmetric geometries. The principle of this method will be
presented, then applications will be given, first to a linear calculation for
which results will be compared to those obtained by standard methods. Then
results for a non linear behavior will be described.

1 . INTRODUCTION

In SSI problems, the soil is often represented by springs and dampers (Davido-
vici, 1985) which are determined using formulas (Richart, 1970), finite element
(FE) calculations (Farvacque, 1985), or the boundary element method (BEM)
(Aubry, 1986). But their use is limited to linear soil behavior. It was then
interesting to develop a method based on FE and calculations in the time domain.

2. DESCRIPTION OF THE METHOD

The method is based on FE representation for the soil and the structure.

The soil is divided into two parts (fig. 1):

- a finite region around the structure QSp>
- an infinite region QgL> in which the behavior is supposed to be linear.

In Sg^, the displacements and stresses can be written as the superposition of an
incident field (free field), and a term due to the presence of the structure.

It can be then demonstrated (Ni, to be published) that the displacements and
forces on X, X and F, are related to those of the free field, XQ and FQ, by :

X = X0 - A^(F-F 0)
F " Fo + A (V X>

where A is the impedance of Qg^.

Representation of the infinite soil

Among the various boundaries (Lysmer, 1975; White, 1977), we chose the White
& al. dampers that we generalized to axisymmetric geometries.



In this case, the term AX (resp. AXQ) is replaced by CX (resp. CXQ) in which X
is the velocity.

Seismic source

The seismic source, which is represented by X0 and FQ, is determined using the
free field Y0(t). The basic assumptions are:

Y0(t) is known at the free surface
Bgp is layered horizontally
shear and compressive waves propagate vertically.

Then, transfer functions for displacements, Hu(f,z), and for stresses, Ha(f,z)
are determined. Using H , H and knowing Y0(t), stresses and velocities can be
calculated at each node (fig. 3). Integrating over the surfaces gives F0 to be
used in the calculation.

3. APPLICATION TO AN AXISYMMETRIC GEOMETRY

This method has been used for the study of a nuclear reactor building. This
building has an axisymmetric geometry. The foundation is a circular plate lying
on an homogeneous half space (fig. 4).

The input signal is the horizontal acceleration of San Francisco N-S earthquake,
normalized to 0,1 g.

The computation is performed using INCA computer code (Combescure, 1985) of the
CASTEM system with an implicit, unconditionally stable algorithm.

A comparison was made with the method of springs and dampers that where determi-
ned using ref. 1. Figure 5 shows a good agreement for frequencies, but signifi-
cant discrepancy for damping.

Finally, the effect of a 9 m embedment was investigated. Figure 6 shows a
shifting of the first eigenfrequency (2 to 2.3 Hz) and an increase of damping
that gives a general reduction of floor response spectra.

4. APPLICATION TO A NON LINEAR SOIL

The described method has been applied for the case of a non linear soil. As a
non linear 3D calculation would have been very expensive, we first determined a
plane strain 2D .model equivalent to the axisymmetric model.

Equivalent 2D model

Following Luco and Hadjian (Luco, 1974), we first determined an equivalent 2D
foundation.

It must be noted that this overestimates damping by 20 to 30%. The foundation
had also to be stiffened, because using the actual Young's modulus gives a 2D
model which is too flexible. Then, the building was modelled by oscillators
that were determined such as modal masses, eigenfrequencies, forces and moments
on the foundation, total mass, gravity center and inertia of rotation were
unchanged (see Ni, to be published).

Non linear calculation

For the soil, we chose an elastic perfectly plastic, Drucker-Prager model. The



parameters of this model can be easily related to Mohr-Coulomb's parameters and
we used a cohesion c = 3.104 Pa and a friction angle Y1' = 15°. The Young's
modulus of the soil is equal to 2000 MPa. The seismic movement is the same as
in linear calculations but normalized to 0.6 g.

Figure 7 shows a comparison between linear and non linear vertical displacements
of the basemat, and we can see a 3 mm irreversible embedment. Figure 8 shows
response spectra for horizontal acceleration at the top of the building. For
the first eigenfrequeticy, a reduction of about 30% can be seen, associated to a
slight change of the value (2.4 to 2.2 Hz).

Finally, we can notice that plastification is limited to a small zone at each
end of the foundation (fig. 9).

5. CONCLUSION

A FE method for SSI time history calculations has been developed. It uses
absorbing boundaries, that were developed for axisymmetric geometries, to
represent the infinite soil. Applications show the interest of this method for
problems that cannot be solved with standard methods such as non linearities of
the soil.

REFERENCEt;

Aubry, D. Sur une approche intégrée de l'interaction sismique sol-structure.
Journées Communes AFPS "Fondations, propriétés des sols et impératifs
sismiques",1986.

Combescure, A. Programme INCA - Rapport CEA (Oct. 1985).
Davidovici, V. & al. Génie Parasismique - Presses ENPC (1985).
Farvacque, M. Amélioration des méthodes d'analyse sismique des systèmes couplés

sol-bâtiments. Rapport CEA-R-5294 (1985).
Luco, J.E., Hadjian, A.H. Two-dimensional Approximation to the Three Dimen-

sional Soil-Structure Interaction Problem - Nuclear Engineering and Design
31 (1974). North Holland Publishing Company.

Lysmer, J., Udakdt. Flush - A Computer Program for Approximation 3D Analysis of
Soil-Structure Interaction Problems. Report UCE/EERC-75/30 (Nov.1975).

Ni, X.M. Contribution aux méthodes de l'interaction sol-structure pour l'ana-
lyse de la tenue sismique des centrales nucléaires. Thèse de Doctorat de
l'Université PARIS VI (à paraître).

Richart, F.E., Hall, J.L., Woods, R.D. Vibrations of Soils and Foundations,
Prentice-Hall,,Inc., Englewood.Cleffs N.J. (1970).

White, W., Valliappan, S. Unified Boundary for Finite Dynamic Models. Journal
of the Engineering Mechanics Division (Oct. 1977).



Fig. 1 - Soil structure interaction
domains

Fig. 2 - Seismic source
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Fig. 3 - Soil column model
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Fig. 5 - Comparison of transfer
functions

Fig. A - Building and soil model
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Fig. 6 - Embedment effect
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Fig. 7 - Non-linearity effect on the basemst vertical
displacement



Fig. 8 - Non-linearity effect on
response spectrum
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Fig. 9 - Plast ic deformation
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