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1. INTRODUCTION

In this paper the substructure method is applisd. The super-structure of
system is analvzed by a seml analvtical curved vring shell FEM[1]. The
displacements in shell around the circumference direction are expanded in
Fourier series. Based on the theory of thin shalls, the computational
formilas for FEM have been derived. This wethod has some advantages, such
a3 simplicity of one dimensional division. high preciszion of results and
stress field in whole structure may be shown in detall. An approximate
analvtical method[2] is applied to the coupling vibration of translation
and rocking of an embedded foundation. The seismic response of a
containment has been obtained in time domain in a numerical example and SSI
effects have heen discussed.

2. SEMI ANALYTICAL FEM FOR A REVOLUTION SHELL

The displacements on the middle surface of a revelution shell coordinate
and a general cylindrical coordinate system are expressed by u, v, W and
u ., v, u_, respectively (Fig. 1). Under any load, the displacements in the
T z

circumference can be expanded in Pourier series as follows:
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The deflection angle § and the strain E(p in meridian direction are follows
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In the above expansions the coefficients are functions of s only. How , wa
adepted the interpcolation functicns of displacement as
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in which f=s/L, Choosing v , u , v , B, ¢ as nodal freedom degrees and
rn zn i n On

substituting the nodal conditions where £=0, &=1 in egs.{3), we have
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element nodal digsplacement vector. The relation betwean element

digplacement and nodal fresdom degrees is
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in which [H] is the displacemsnt wmatriyx and the components of it are given
by
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The relations between strain or stress of middle surface element and nodal
freedom degress are
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in which [B], [D], [8] are the geometrical matrix, the elaztic matrix and
the stress matrix respectively.

Applyving the principle of virtual work, the stiffness matrix and mass
matrix of an element can be obtained
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&nalogous to displacements the external loads might be expanded ag
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When the nth component is considered, according to the principle of virtual
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work the eguivalent nodal force vector iz ohtained
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The global stiffmess matrix, the global wass matrix and the global £orce
vector can be obhtained in proper order to assemble the contributions of all
elemant matrices.

3. IMPEDANCE OF THE FOUNDATION

The dmpedance of an embedded foundation consists of two parts, one of
them is induced by under s0il and the other by side soil of a foundation.

The relationis of impeding horizontal force P, moment M, which the soil
exerts on the embedded cylindrical foundation, and the displacements of the
foundation Uge 0, are prasented from reference|Z].
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4. SEISMIC S0IL STRUCTURE INTERACTION FOR CONTATHMENT
4.1 Establishment for Moticn Bauaticns

then seismic ground motion takes place on a site which the containment is

situated in, the displacement of anv point on the containment is composed

of rigid  Thorizontal displacement ﬁG=u +u0+(H—Z)mO and the elastic
g

displacement o, Ve u relative to foundation (Fig. 2). Let us suppose that

the cont alnment is divided into NE elements, the guantities of the nodal
freedom degrees are N=SHE+5. Bezides, adding the translation ue and rocking
angle ?, the foundation which are caused by interaction, the unknown

auantity of the system are N+2. Accorxding to D°Alembert’s principle the N+2
equations of motion can be correspondingly estabiished ag follows:
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In the above egs, [M], [C] and [K] are NxN wass matrix, damping watrix and
stiffness matrix of a superstructure, respectivelv. {5} is WxI nodal
relative displacement vector of a superstructure to its Ffoundation. 9

0
and HU are translation, rocking angle of a foundation and acceleration of
ground, respectively, P(t), M(t) are determined by egs.(12). Mb Ibw are

foundation mass and mass wmoment of inertia with respect to it own
horizontal axis, respectively.
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respect to its own horizontal axis.
4s the space is forbidden, here the expressions for M , wa M - etc. are
L ] jagec]
not given.

The geismic response motion equations in matrix form in consideration of
551 of a coataimment can be written as follows:
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If 3ST is not considered, the formula (15) will he reduced to equation
{17), just as it is for a rigid ifocundation.
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4.2 Solution cof the motion eguations

The equations (16) should be to deal with, when boundary conditions are
introduced in them. As functions of impedance are dependent on frecuency of
excitation, equation {16) have To be solved first in frequency domain and
then by inversion to time domain. In terms of reference[3], however, the
dynamic response of a structure will be with enough accuracy if impedance
functions for any freguency might be replaced by those of fundamental



frequency of a system. Therefore equations(16) can be solved direct in time
domain, once fundamental frequency of a system has been cbtained.

5. NUMERICAL EXAMPLE AND ANALYSIS

Let us consider a containment which is a combination shell to be composed
of a cylindrical shell with a height=50m and a semi spherical shell top
with a radius=18m. It is wmade of reinforced Foncrete with material density
=2500Kg/m”~, elasticity modulus=2,7489%10 pa, Poizon’s ration=0.1667,
thickness=1m. It 1is built on an embedded cylindrical foundation with
radius=20m, validly embedded depth=10m. The wmaterial density and the

Poison’s ratio in soil 1875Kg/m3,and 1/3, respectively. The shear moduli in

801l  beside and under foundation are O,6Xl010pa and 1H5X109pa,
respectivelyv.

The first five natural frequencieg, of horizontal excitation are given in
Table 1. It is found that 357 to be ¢onsidersd the natural frequencies of a
svstem are reduced and its effect is most significant for fundamental
frequency of a system and it will decrease rapidly with increment of the
mode number.

Table 1. WRatural Frequencies (rad/s)

Mode number T II I1T Iv v

Frequencies © for rigid soil 23.63% 75.113 174.610 281.060 358,880
Frequencies « for soft soil 12.860 67.053 164.830 286.590 346.560
[ - 0] /wx100% 45.59% 10.73%  5,60%  4.40%  3.43%

The NS5 component of El-Centro earthquake record is selected as an input in
this paper. BDeformation and stress in containment +o a horizontal

excitation are shown in Fig. 2, in which u , u , ¥ , N., M, M,, vary as
r z o0 ¢ [} (&

cos® form around the circumference, v, Nme, Mwﬂ as sin® form, respectively.

The large displacements are produced in semi spherical shell and the maxima
stresses are located near bottom of containment and attenuate gradually
with height increment. The membrane strosses are the main stresses, bending
moments exist in a small area near contaimment bottom which is caused by
adye effects,

Some of quantities versus time are shown from Fig. 3. It can be found that
S5T will reduce deformation and stress in 2 containment, but there are
additional rigid displacements generated by a translation and a rocking
angle of the foundation, they make total displacements of contaimment in a
increment.

6. CONCLUSIONS

6,1 This analytical and numerical combination method used in this paper
may be applicable to analyze dvnamic response of various revolution shells,



such as hyperbolic cooling towers. It can not only give detailed
deformation and stresg distribution all over the superstructure to avoid
drawback caused by a simplified lumped mass modeling to be selacted. but
alse can show the character of a shell curved surface element more evident
than other ring one.

.2  With depth increment of a foundation embedment SSI effect could he
reduced and damping impedance increases evidently, so that the seiszmic
responge of a structure will he reduced. The harder the soil, especially
the foundation under soil, the less the SST effect.

6.3 58T effect displavs wmainly in reduction of natural frequencies,
deformation and stress of a system. The membrane stresses are main stresses
and bending moments exist onlv near the bottom of a containment.
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Fig.3 some of quantities versus time

Fig.2 Deformation and strass in containment
to a horizontal excitation
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