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1 INTRODUCTION

Some components of industrial plants awre Jjust sitting on their
support, then during a seism, sliding may eoccur betwsen the
structure and its suppert, inducing 2 nonlinsar behaviour.
After having briefly recalled the nethod to integrate the
motion equationg of a sliding structure, this paper will ke
devoted to a numerical approach of the seismic behaviour of
the polar crane of a Nuclear Power Flant. The crane is
represented by its first eigenmodes and the =liding is
modelized by nonlinear linksz. The influence on the response of
variocus hypothesis 1ike identical motion of the contact points
and the numker of wodes contained in the wmoedal base, are
investigated.

2 METHOD TO CALCULATE THE STRUCTURAL RESPONSE

The numerical method is presented in details in Antunes 1982
and Brochard 192% and only the main aspects will be recalled
in this paper. The numerical method used to integrate the
motion eguations, allows tc calculate the relative motion of
the structure to its support (thise displacement includes the
sliding of the structure with respect to the support). This
relative motion is expanded on the base of the eligenmodss of
the structure free at its contact point with the support. The
sliding phencomenon, assumed to be modelled through the Coulomb
friction model (Mostaghel 1983 and Constantinou 1984), is
taken into account by nonlinear Links located at the contact
points between the structure and its support. During the
motion, link forces act on the structure to simulate either
the sliding or the grip between the structure and the support.
The mnodal coefficients are governed by harmonic oscillators
equations, coupled through the projection of the link forces
on each elgenmode. As for seismic znalysis we are mainly
interested by the low freguency behaviour of the structure, we
kzep only in the base the first few eigernmodes. The neglected
high order modes are suppesed to have a static response.
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3  DESCRIPTION OF THE STRUCTURE

The above mentionned method has been used to calculate the
seismic reponse of =2 polar crane located in tﬂe reactor
building of a PWR DPower Plant. This crane is composed by
2 wain beams (length 40,6 m) supported at each extr emlLy by &
CIross beam (Length 9,4 m). About the middle of the bhezm is

located +the central crossbar. The operation and service
ca?Llages rest on the main beans . Thc zobal maszs of the crane
ig ecqual to 3287. The crane is sitting on its support through
the coﬂ’“at rollers located under the cross beams. During the
motion, sliding may occur between the rollers and the suppor

The analysis iz performed with the following cenditions : no
nass is 1manqed @n the carriages and standby situation (the
carriages are parked at each extremity of the crane). Using
the Compuier Code CASTEM 2000 developed by CEA, a beaw model

hag been developad and is presentsed on Figure 7; It is worth
noticing that due to diflf noes betwesn the carriagesﬁ the
crane is not svmmetric with respect to the ¥ axis

Az above men ned, TIUeTT is not & T nd dme to

rollers oF M@rmmv&r
the gravity : i : =l sﬂwumng
surface 7 the motlion, =TI v 1l reaction to the

support will wvary fVOM a roller to another, allowing that the
sliding may be diffzrent for ﬁacm roller,

The alm of t%is analysis ig to study the influsnce of
different [ yogrhosms in the calculation.

Inn the first calculation (called CALC 1), we assume first
that dur 1nq the motion, the normal force at cach contact with
support is constant and equal to the static reaction due to

the grazvity and secondly that the moticns of the rollers
identical. The modal base used in this case contains 2 ri
body modes (translation along X and ¥). The frecuency of
first bending mode is egual o 4.4 Hz and the SOrTESpon
mode shape concerns an  horizontal bending in  the
direction for the wain beams. To study the influsnce of
number of modes in the base, 2 cut-0ff freguencies have
considered

- 20 Hz 3 In that case, fthe base contains 15 nodes Jjust

covering the freguency range of the excitation
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-~ 35 Hz : The base contains 23 modes znd covers widely the
freguency range of the axcitation.

In the second calculation (called CALC 2), as in the first
one, we suppose that the normal reactions remain constant
during the motion, but the horizontal motion of =ach roller is
independent. The wodal base contains then 3 rigid body modes
{2 translation modes and 1 rotation mode) in the horizontal
plane and 17 modes which freguencies are smaller than 20 Hz.

In the last calculation (called CALC3), we suppose that the
motion of each roller 1z independent and that the normal
reaction may vary during the motion. The modal base contains
then 21 modes (frecuencies smaller than 20 Xz2) including
6 rigid body mnodes. The non linear links represent both the
sliding and the contact between the roller and the support. In
addition with the sesismic load, the crane is submitted to
static forces representing the gravity effect, The
instantaneous reaction on the support is the sum of these
gtatic forces and of a fluctuation dus to a small rocking
motion related with the seismic excitation.

In 2ll calculations, the friction coefficlient is egual to
£.2 and the wmodes "free at the link-points® are damped at 4 %.

€ RESULTS

In this paragraph, we analyse the following results :

= the maximal absclute acceleration of the rollers and of the
middle of the main beans (i.2. a point near the non
lingarity and a point far from this nen linearity),

= the maximal bending moment around the ¥ and Z axis, at the
middle and at the extremity of the main beams,

= the freguency content (through the response spectrum) of
the absolute accsleration of the rollers and of the middle
of the main beams.

The maxima of the crane response are presented in Table 1.

We observe that :

- 1in the first calculation to extend the modal base up to
36 Hz does not modify significantly the bending moments but
increases about 15 % the accelerations,

- jin the second and third calculations, to allow differential
motions between the rollers wmodifies strongly the results
obtained in the first case for both accelerations and
bending moments. But to consider that the normal reactions
on the support may vary during the motien {(CALC 3) does not
modify the response. HMorsover, Iin These calculations, we
have verified that the motion of rollers located at fthe
same extremnities of the main beams are identical (this last
point is related with the great stiffness of the cross
beams) and that the mazimal differential displacement
between rollexs located at different extremities of the
main beams is egual to 2 cm. In the CALC 3 calculation, it
has been also ohserved that all reollers remain in contact
with the support during the sxcitation.

The response spsactra of the motions of the rollers and of
the middls of the beamg are presented on Figure 3 and 4. We



can observe in both cases that the results, got Ifrom the 2
last calculations, are rather identical but are different from
the results obtained with the hypothesis of a simultaneous
motion of all rollers. During the motion, =liding phases are
freguent and during these phases the structure wvibrate on
nodes which mode shapes correspond to free boundary conditions
at the rollers. Thz peaks cbservad on the response spectra
correspond to the values of the eligenfreguencies of the crane
with these boundary conditions :

- & Hz, 5.3 Hz (which are the main peaks), and 10 Hz for the
niddle of the beams,

- 4 Hz, 5.3 Hz, 10 Hz and 15.6 Hz for the reollers (the peaks
corresponding to the 2 last freguencies beilng the most
important).

It is important to notice that the response spectrum of the
roller motion iz smaller than the excitation spectrum in the
neighbourhood of the eigenfregquency of the crane clamped on
its support (2.7 Hz), which I1llustrates the decreage of the
response due +to the sliding. Nevertheless, the response
spectrum of the rollers motion is higher than the excitation
one, for frequencies greater than & Hz, in a frequency range
where there is only few energy in +the excitation signal.
Similar freguency content has been observed and analysad in
detalls for simple sliding systems (Brochard amd al. 1389).

Finally, in the first calculation, to extend the modal base
up to 36 Hz, does not medify the roller response spectrum, and
the middle beam spectrum, for frequencies smaller than 20 Hz.
Nevertheless, a peak at 27 Hz appears in the middle beans
response spectrum.

7 CONCLUSION

The seismic response of a polar crane has been performed 1in
using =z non linear modal synthesis method, and a Coulomb
friction model for the sliding phenomenon.

Due to the lack of symmetry of the crane, sliding at both
extremities is different. This aspect must be taken into
account in the calculaticon. On the contrary, wmodelling the
variation of normal reactions on the support is not necessary,
the load decrease of one roller being balanced by a lecad
increase of the other roller located on the same extremity of
the beam, the displacement (sliding) of these rellers are
egqual as they are linked be a very stiff cross bean.
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Table 1. Seismic response of the crans

CALC 1 CALE 2 CALZ 3
Direc- |Cut off|cuk off Cut off cut off
tien Exreg. freg. Eregueney | freguency

20 H=z 35 Hz 20 Hz 20 H=z
Max AcC.
at Y 6,4 7,8 5,7 &,0
midsgan
(m/=“)
Max ACGC.
at ¥ 11,1 13,0 11,7 11,8
rollgr
(m/s2)
Max Ben=
ding mo- ¥ 1,17 1,13 1,63 1,90
ment at
midspan piA 1,67 1,69 1,44 1,44
(10°N.m)
Max ben=
ding mo-= ¥ 0,49 0,50 0,56 0,6
ment at
the ex-
tremity & 0,33 0,33 0,19 0,19
of the
beans
(10°N.m)

heam
Main beams MRy CF 085S o€

Fig. 1 : Beam model

Cross beam

— 373 —



2.k l
Frequency (Hz)

A é).\h ﬁ, i, i 4 0b,

Fig. 2 : Response spectrum of the support acceleration
{damping coefficient : 4%
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Fig, 3 : Response spectrum of roller motion
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Fig. 4 : Response spectrum of the beam middle motion
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