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SYNOPSIS.

the system is described with account of elastic component,
Seismic excitation is described by set of accelerogramms.

relatively foundation.

of movement are solved using complex modal analysis.

Institute Atomenergoprojekt

Reactor Building is considered as a system with concentrated masses.

functions for masses of the system are defined.

INTRODUCTION
The dynamic behaviour of reactor
building, interacting with folndation during

the earthquake passes over, is examined. The
typical east—european layout of the structure

is considered(fig.1). In this layout
constructions of the building, including
containment are rested on the multi-storey

which contacts with the foundation
baseu il They  tovmeination
ot i derod as 2a uniform Viatte tastic
halfepase. The contact bDetween slab and
foundation is considered as corrFespoanding  to
conditions of adhesion, i.e. it provides both
compressive and tension conmections.
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Fig.1l. Beneral layout of reactor building

MATHEMATICAL MODEL

In the seismic analysis the reactor
building is represented by the dmnamically
gsimilar model(fig.2) in the form of system of
linear shear bars with concentrated masgses,
fixed in am absolutely rigid basement slab.
To decompose the problem the halfspace of
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The movement of
shear and rotation of the base
The equations
Natural frequencies are acceleration

foundation is represented with viscoelastic
bonds, which model the integral reactiom oOf
foundation in directions of degrees of
freedom of the slabt shift and roll. These
bonds may be characterized by their
quasistatic stiffnesses C, C@ and instant
stiffnesses M , ﬂw. The values of these

stiffnesses were obtained by approximation of
solution of dynamic contact problem asg
described by Sarasian A.E, (1986). .

The movement af the system was deseribed
with the matrix equation

MU+B+ruyu+x -+ uU=a3a(t) (I).
Here U is vector of displacements with N
components, its first N-2 components Ui’ i=1,
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Fig.2. Shear bar model of reactor building



N-2 are the displacements of the nodes of

the bar asystem: Up—t is shift and Uy = ¢ is
roll of the slab.

The stiffness matrix

-1
K. =D

where D is matrix of compliancies.

The elements of the matrix D at
1431432 ¢.a e oN=-1 define displacements of

j-mass due to unit force applied to the i-no-
99 of the model. Each of them includes three

components:
. .

.=0..+0
1) i) ,
component o}

+ . 2
ij Gij =)
First unit

represents
to
deformation of the bar systemi; component 51.—

3
displacements due to shift of the slabjg
component Gij— displacements due to

roll of
the wslab about Y—axis.

ij

displacements of the masses due elastic

The component O . i,i=1,2,...,N=2
defined using general methods of
mechanics. For absolutely rigid slab 61. = Q
i.j=N-1,N.

The second components may be defined
a shift of riqgid body:

P

were
structural

as

LY

Gij = —6— = —6— (3}
where F=1 is a unit force of i- node.
The third components
z, ¢ mi Z; * 2,
Gij Hwi zj = o = o (4)
¢ ¢
where M =F. 2. =1 z. (5)
i Ti i

is a moment of the unit force in i- node on
the contact surface between the slab and fo-
undation.

The elements Gij of matrix D at i or j=N,

define angle displacements of the slab due to

unit force applied to the i~ node of the
model
5 1It-z1 z,
i.N = GN,J = c = c - (&)
¢ ¢
The element 6NN of the matrix D defines
the angle displacement of the slab due to

unit moment,applied to its center of gravity:

¢ = m—_—= —, (7)
N,N
Co S
Beneralized mass matrix of the system
FmIO o . 0 0 1
O mZO . O O
M= (8)
0 0 . 0 0
000 . m_ O
0 00 . O 3, |
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where Jp defimes the moment of inertia of

the slab.

In present work
dissipation of energy are divided in three
groups., First group compose the losses of
energy due to inner friction in construction
materials. To the second group belong the
energy losses due to radiation of shear waves

the causes of

into the foundation. This radiation is
generesated at the shear deformation on the
surface of contact. Third group compose the

enerqgy losses due to radiation of compression

wave. This radiation is qgenerated on the
contact surfase at the roll of slab. The
expressions of the energy losses were
formulated in this work with account of
viscpelastic behaviiour of materials.

To describing the energy losses due to
inner friction the corrected model of Foight

(1979) wos used. In accordance to this model
dissipation forces are assumed proportional
to velocity:s

F = B-u . (9)

The vector of dissipation forces F
second member or equation (1).

The elements bi' of dissipation matrix B

J
represent the attemnuation cofficients. Each
at

of them define the dissipation force fi
with

of

form the

the i~ node due to movement of j— mass

unit velocity u,= 1 at =zero velocity

remaining masses.
The elements of dissipation
dafained as follows)

matrix may

be

b,, = ind =1,2,...,N-2

ij I I Z;°2;
(10)

bi'N—I: bN—I’i=_l_ + i j i=I’2"";N_I
I
Onn T

In equations (10) K

nw *

ij UG | 5
of of

of

- angle freqgquency j—- form

S5 -

where uG

vibration, Logarithmic decrement

vibration.

METHOD OF ANALYSIS.

The system of equations (1) -~ (10),
describing the dynamic model of reactor
building may by solved in real form only for
case of dissipation matrix of special form,
namely when B = aM + bk, where a,b some
coefficients .

Such case very rear occures in practice.
Therefore dynamic analysis in real form does
not allow to use experimentally measured
attenution coefficients. To make possible to
use experimental data in present work modal
analysis in complex form was used as given by
Inoue Y.{(198%) et. el. As a result the compo-
nents of displacement vector u, were obtined
in form Duhamel integral:s



t
I i a (t- T)
ui(t)= = ¢n' Fn(T) en daT, (II)
= n
o
where Fn(t) - generalized force of n— form of

-~ i~ component of vector of n-
of

oscilation, ¢ﬁ

form of oscilation, Gh - complex n— root

frequency equation.

The solution in the form
reduce significantly amount of
because in the wide range of practical
it is enough to take into considaration
first members of the row to obtain
reasonadle accuracy.

(11) allow to
calculations,
cases
some
the

RESUL.TS.

Using described technique seismic
vibrations of reactor building were analized
at different soil conditions. Seismic
eycitation S(t) was obtained by standart set
of synthesized accelerogramms adopted as
given by Salganik A.A. et. el.(1988) for ear-—
thquake of magnitude B8. Soil condition were
defined by velocity of trasverse wave b. The
following cases were analized: b = 150; 600;

1200 ¥ u w

The value of b = © defines the case of
the slab rigidly fixed on the rock
foundation. The firmt natural angle
frequencies. of svystem for this case are
displayed in table 1

Table 1
# of form 1 2 x4 S )
Anale fre-l.x zl4s.8l68[96.7]131.2|161.2
quency
rad/sec

For the nodes of system time - displace-
ment functions were obtained. Also were
obtained their ftirst and second derivatives -
the story veloci- and accelerogqramms. Using
the latter seismic losds Sj for these nodes
were defined. The maximum load is presented
in table 2. In the same table is presented

Table 2
Node a max Siemens
. . 2
accelration in m / sec
11 11.47 10,24

the value of seismic load for this node,
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calcul ated Biemens

that

by
Comperison shows

company (Germany ).

result, obtained by

both techniques are near enough.
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