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ABSTRACT :The reinforced concrete basement of a 700-800 MW turbe-generator
is an unsymetric,mixed structure of frames and diaphragms with high varia-
tions in the mass and atiffness distribution on horizontal and vertical pla-
ne and which in most cases is unique.,As the action te which the structure

is subjected during its service life(assembly, damage and earthquake)differ
greatly in terms of distribution,intensity,frequency and shape,an experi-
mental check-up of the analytical model used becime necessary. The papar
presents the dynamic analysis of a basement for a nuclear power plant turbo
generator, so as to validate the blook diagram used in the elaboration ef

the project.

1, INTRODUCTION

The analysed basement has a mixed
structure,made up of frames and rigid
diaphragmes,unifeormly distributed in
plane having large size technoleogie
cavities,The general stiffness of the
structure is concentrated areund four
areasstwo nuclei at extremities,made
up each of a frame and a diaphragme
(R1 -R2 and R5 - R6)interconnected by
floors and two intermediary diaphrag
mes R3 and R4 fastened one to another
at the top in longitudinal direction
by the beams R7 and R8 fig.l.

The basement is 68 m long,15 m wide
and 23.4 m high.An experimental ana-
lysis of the structure on a reduced
scale model was performed so as to be
to choose the most accurate diagram,

2,MODEL CHOICE AND DESIGN

The tested model was made of rein-
foerced concrete at a 13112 scale.This
scale was chosen depending on the
performance of the testing machins,
taking into account the high stiff-
ness of the structure and the non-
linear behaviour of concrete,

The model dimensions,fig.l are
5671 m length,l.25 m width,and 1975
m height,The vertiocal supports have
a section of 33.4 x 33.4 cm;the
thickness of the diaphragm is 8.3 cm

while that of floors is 5.8 cm. and
the beams are 38 x30 cm in sectien,

The prntotype has a raft-type base-

ment placed on a rocky foundation
soil.,As a consequence the model was
embedded an a 250x850 cm,slab type
raft which was 35 cm thickiit was
fastened te the testing stand by loo
mm diameter serews disposed en a loo
cm gide lattice.

The model was cast form concrete of
the same mark with that of the proto-
type,only the granulerity of aggre-
gate being different frem the concrete
used in the model(aggregate sizes of
up to 12 mm were used).After the con-
struction of the model,a oonpress:ze
strength of concrete of 345 daN/c
and a longitudinal modulus eof elasti
ciiy at static loads of 3.53xlo°’ daN/
cm“ were measured by tests.

The reduction in scale of steel
reinforcing bars was not always pos-
sible.In such a case there were pre-
served the same longitudinal and
transverse reinforcing coefficient
and the same distribution of reinfor

°1Eﬁ,b%§p§§iﬁiﬁﬁg1 actions were sta-
tic and dynamic of different intensi
ties, many successions of similitude
scales being nooessar{ «The extrapo-
lation of e¥perimental results to the
prototype had to censider the majerity
of distorsions inherent in modelling
by using some additional coefficients.
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3.EXPERIMENTAL PROGRAM AND TEST
RESULTS

The big number of tests necessary
to carry out the experimental program
and the high cost of the model requi-
red that the model testing be made
initially only in the elastic domain
up te the limit of concrete micro-
cracking,

In the firsyétage,static tests in la-
teral loadings of max 350 kN were
carried out on the direction of dyna
mie degrees of freedom in eorder to
enable the estimation of the experit
mental flexibility matrix of the mo-~

the model normal frequencies damping
characteristios and identifying modal
parameters of the foundations taken
as a discrete linear system with se-
veral dynamic degrees of freedom,by
usging experimsntal techniques with

a single excitant.

The frequency analysis originate in
the Fouries analysis of signals from
the accelaration transdusers and were
made with a apecialized computer with
definitions of 0.2 - 100 Hz and 1 =
500 Hz.Such an exemple of analysis is
shown in fig.5. '

The damping characteristics were
measured by resonance methods the ex

del., At the same time,hysteretic curvs citation being an harmenic force of

at alternating forces were plotted,
fig.2 to determine the demping ef the
modelled structure.Accerding to fig.
3 the critical damping ratio was cal.
culated using,

constant amplitude. For the fundamen
tal frequency of the medel M2 there
resulted a fraction of ocritical dam
" ping of 3,1%,
The high intensity test on Model 3

__.with action A3 was performed at a

Qal A
297 A+B

where A = dissipated energy and A+B=
total energy accumulated during a
loading cycle,

By processin,
\7=5.9 cce 6,2 *

During the second stage dynamic
tests were carried out for three si
tuations:

-model without equipment mass (M)

the data is resulted.

-model with equipment mass,included

in the similitude theory as an addi-
tional mass(approx 1.65 t)on the top
surface of the struoture.(M2)

-ballasted model with a mass of
19,7 t equal to approx.sleven times
the mass of equipment placed on the
top surface (M3).

The model was tested in conditions
ofs
~-impact (Al)produced with a pendu-
lum for Ml and M2 models

-random excitation forces(A2)pro-
duced by an electromagnetic genera-
tor with variable frequencies in the
lo Hz band for model M1

~-disturbing forces(A3)produced by
a eccentric vibration generator
reaching a variable ferce of max.200
kN for a 40 Hz frequency in the mo-~
del l3.

frequency of 23 Hz to obtain the fol
lowing results:

-an acceleration of 1.23 g on a
transverse direction in the middle
of the foundation)at its top surface

-an acceleration of 2,61 g on a
transverse direction at foundatién
extremities

-an accaeleration of 1.24 g on a
longitudinel direction,

During these high intensity tests
there appeared ne mioroocracks in the
medel concrete,

Several Plock diagrams have been
provided for the full scale struoctu

. re and for the model:

S1 - Frames and plane diasphragm
on each tranaverse and longitudinal
direction interconnecter at their
lower part and in front of the floors

S2 - Equivalent Spatial Prames

S3 - Frames - disphragms discre-

" tized in beam hyperfinite elements

and thin shells,

84 - Frames - diaphragm discretized
in tridimensional finite elements and
thick slab.

The results obtained in this case
are shown only to the extent they
are of interst for a comparisen with
the experimental results.

Fig.4 shows the scheme of the equip. 4.CONCLUSIONS

ment used in loading,as well as in re
cording and processing experimental
data.Excitation GV was gradually ap-
Plied on different nbdes of the struc
ture.The dynamic response was recei-
ved by means of an accelerometer A or
some inductive transducers for the re
cording of displacements,

The dynamic tests aimed at measuring

a)The static and dynamic tests(in
‘both directions and in tersion)have
shown that between the structural
elements frames and diaphragmsjout
of which the foundation is made,there
is no connexion sufficient to enable
a hemogenous interrelation on the
‘whole.It is possible the testing ma-
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e)The high intensity dynemic tests
have led us to obtain the design ac-
celerations on the model.During M3~
A3 testings there were generated ac-
celerations of 2,31 g for a frequen
cy of disturbing ferces of 23 Hz
which corresponds for the proteotype
to an acceleration ef ¢.139g very
clese to the design seismic accele-
tion eof o0.204 g.

£)The turbo-generater has a regime
revolution of 1500 r.p.m.(frequency
25 Hz),which corresponds fer the mo-
del te a frequency of 3o0e Hz.The fre
quency analyses of the experimental
data have shown that in this range
of frequenoles there appear ne signi
ficate anplitudea,fig.S,therefore)
there is no pessibility fer resonsn
ce to ecour,
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