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ABSTRACT : 

Modification of rules of assessment of seismic resistance could require to requalify some polar crane of french 
reactor buildings, which were initially designed by using of static equivalent calculations. New calculations based on a 
presently used approach ( time history calculation ) show the need to strengthen or modify some parts of the polar crane. 

An interestingmodification may be to introduce shock-absorbers near the rotating mechanisms. The implementation 
of a constitutive law of those shock-absorbers in a structural computer code allows us to evaluate the effects of such seismic 
protecting devices for polar crane. 

Two calculations on a simple polar crane model with high acceleration have been realized for a model with and 
without shock-absorbers. 

The decrease of the load level due to the shock-absorbers, may reach 40 %, but with an increase of the displacement 
of the polar crane wheel. 

This study shows the advantage of shock-absorbers when structural modifications are necessary and as well as the 
importance of numerical non-linear computations of those structures for realistic studies. 

1. INTRODUCTION 

Some modification of seismic rule led to requalify some polar crane (formerly designd by static calculation) by mean 
of more realistic approches (time history calculation), it was necessary to calculate with the help of new approaches (time 
history calculation) the behavior of some polar cranes designed using equivalent static calculations. The results of those 
studies showed the necessity to modify some components of polar cranes. A proposed solution in response to the 
modifications of the structure was to introduce shock-absorbers near rotating mechanisms of polar crane. 

We present in this article the results of transient seismic calculations realised with Code_Aster (Reference F.E.M. 
software at EDF) on a polar crane equipped with such shock-absorbers. 

After a short description of the polar crane and of the corresponding numerical model, we describe more specifically 
the guiding devices and theft, before and after installation of of a shock-absorbers. Finally, we evaluate the results of 
calculations in the two configurations. 

2. DESCRIPTION OF POLAR CRANE AND ITS MAIN CHARACTERISTICS 

The crane is situated in the reactor building (Figure 1). Its principal function is to lift the tank lid, the internal 
superior and inferior structures. It is equally used for handling the packages during maintenance operations. It rolls on a 
circular path situated at the level 47.970 m. The diameter of the bearing path is of 42.800 m. The path lies on platines 
anchored in the bolster, which is part of the concrete structure of the building. The mass of the empty crane is 350T and its 
maximal load in exploitation is 205T. 



Figure l : Reac tor  bui lding view 

The main constituents of this crane are : 

• Two longitudinal beams (192 tons) with 
rectangular section (1.555 m * 3.185 m), the total 

Exploi,a,i .... ab length of beams is 43.2 m ; 
• The central arch (not shown in the figure 

Longituainalbeam 1), and two transversal beams to each extremity 
assuring the link between the two longitudinal beams. 
The arch enables the dismount of the exploitation crab 
and the general electric power supply ; 

• the rotation of the crane is assured by four 
bogies with two pebbles (one driving and one 
carrying); 

• the guiding in rotation of the crane is 
provided directly by the guiding pebbles on the platine 
support of the bearing path. There are four guiding 
pebbles; 

• of 2carts:  
• a working cart with 205T load ; 
• a service cart with 45T load. 

3. DESCRIPTION OF THE MODEL AND OF THE ASSOCIATED MODAL ANALYSIS 

The model of the polar crane (fig. 2) was 
designed to study the effect during an earthquake of 
seismic protection devices placed on the guiding. 

The results of the calculation of the model in 
restrained base (the link wheels-rail is treated as a 
reinforcement) are presented in table 1. 
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Table 1 :Modal analysis 

Figure 2 :Polar crane mesh 

4. MODELLING OF THE GUIDING SYSTEM WITH AND WITHOUT SHOCK-ABSORBER 

The guiding system is linked to the lower part of the crossing of the bridge through a column. It consists in a guiding 
pebble and a spring system (elastic washers) limiting the movements (the action of the spring is presented on the figure 4). 

The position shock-absorber device (SAD) is positioned on this guiding system and substitutes the stopper device of 

the spring system. 
For the modelling of the guiding system, the support of guiding pebble support is supposed non-deformable. The 

kinematics of the guiding device is shown on figure 3. 
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Figure 3 • Thrust view 
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Figure 4 • Operation of displacement limiter 

The results being almost equivalent for different guiding devices (B 1 to B4 in figure 2), we only treat the case of one 
of the devices. The guiding column is represented by a beam element connecting the lower part of the crossing to the guiding 
device. 

The guiding device, which includes the pebble and the elastic washer and enables the rotation around vertical axis Z 
with respect to the guiding column, is modelled by 6 nodes, 3 discreet elements and a stiffness element. 

For the guiding device of bogie 1: 
• Points 1 and 2 represent the supports of the elastic washers on the guiding column, point 3 corresponds to 

mobile part of the elastic washers 
• Node 5 is placed at the pebble axis and its associated discreet element includes the mass of the pebble. A 

stiffness element is located between nodes 1 and 3 for modelling the behaviour of the elastic washers (part one of figure 
3); 

• The thrust behaviour of the elastic washers (part 2 of the figure3) is modelled introducing an infinite stiffness 
when the maximal deformation is reached. 

5. CALCULATION OF THE SEISMIC RESPONSE OF THE POLAR CRANE 

Since our calculation is used to validate the efficiency of shock-absorbers, rather than to calibrate the devices, we 
chose the acceleration along the main axis of the crane (X) as loading condition. The accelerogram used to load the structure 
is the result of a seismic calculation applied to a reactor building, excited at its basis by an accelerogram of type LBNS 
normalized to 1,5 rn/s 2 for a so-called << soft >> ground to 444 MPa. The accelerogram introduced at the level of the bearing 
path was multiplied by a coefficient of 2, to produce more significant efforts, in particular at the level of the guiding pebbles. 

The calculation was based on a modal basis constituted from a set of dynamic modes and rigid body modes. We 
remind that it is necessary to have a modal basis such that the sum of effective masses for a given direction reaches at least 
95% of the total mass. In our case, the application of this rule and the recombining of shock forces and efforts, enabled to 
construct the modal basis between 0 and 900 Hertz. 

The initial assumptions for the calculation of the transient response are as follows • 

The polar crane is supposed to be centred with respect to the building and there is a 12 mm gap between the 
guiding pebble and the path. We apply a modal damping coefficient of 7% to all the modes of the structures excepted 
for the rigid body modes (0%). 



The transient calculation is realized assuming the local non-linearities are as follow • 

The vertical contact stiffnesses between the wheels and rail are choosen in such away that the overlap (wheel- 
rail) does not exceed 2-3 millimeters under gravity load. Similary the horizontal contact stiffnesses between guiding 
pebble and rail (1.E+9 N/m) are choosen in such a way that during shocks the overlap in horizontal direction does not 
exceed 2-3 millimeters. Moreover the 12 millimeters gap between pebble and rail is taken account in the calculation. 
The thrust of elastic washers (part 2 on figure 4) is equally treated with the same operator and the same option by 
imposing a normal shocks stiffness of shock equal to 1.E+I 0 N/m taken into account. 

6. MODELLING OF THE STRUCTURE 

At the present stage, we considered only certain aspects of the choice of the SAD, which do not include impact 
speeds, mechanical dimensions of the SAD, its stroke, and the damping variability with the temperature. The catalogue 
Domange - Jarret proposes a SAD series BC5-E being able to absorb efforts up to 1100 kN for a deformation of 160 mm or 
80 mm. Although the maximal forces were a priori non sufficient, we kept this device assuming that if the efforts to absorb 
were greater than 1100 kN a bigger deformation could absorb these forces. The devices are introduced in the 4 guiding 
systems. The non-linear force dissipation model in such a device was chosen as follows: 

K - K 2 )  x 
F D = K2x + 

I ( ~2 KlX 

1+ PY t 

I x 
+C sign(k) dc Xmax (1) 

The parameters introduced for the modelling of the SAD are the following" 

RIGI_K1 (K1)" 1.E+9 N/m 
RIGI_K2 (K2): 5.2E+6 N/m 
SEUIL_FX (Py) • 320 kN 
C" 2.5 E+5 

SAD initial stiffness 
Elastomer stiffness value when strain is exceeded 
SAD pre strain value 

These values follow from constructor's data for the chosen device • 

Speed" 5 m/s 
c~ (coef. >0) • 0.2 
initial stiffness" 320000 N/m 

Fitting coefficient of the curve 

The choice of the value 0.2 for the coefficient (x results from the comparison between numerical calculation and an 
experimental study realized on a smaller dimension SAD in order to validate of the constitutive law programmed in the 
Code_Aster. The choice of the model that places the elastic washers and a shock-absorber device in series leads to the 
problem of treatment of the singular point that corresponds to the end of path of the elastic washers (force 320 kN for a 
displacement of the node 3 of 12 mm). The fact that the end of the path force and the pre strained force device are almost 
equal implies that the whole elastic washers-device inhibit the effect of the pre strained stiffness and induces a relative 
movement that must be taken into account in the analysis of results. Two stiffness values in series allow us to simulate the 
operation of the whole system. Since the end of the path force of elastic washers is equal to the device pre-strained value. 

7. EFFORTS CALCULATION AND COMPARISON 

To validate the efficiency introduced by the set up of shock-absorber devices, we considered the normal forces 
measured at the level of the guiding thrust (these forces will also be considered on the bearing path which is a sensitive point 
of the dimensioning) and equally at the bottom of the 4 guiding columns (B 1 to B4). To evaluate the impact on the 
movements of the structure we compare the movements with and without the device. The force displacement curves 



correspond to the relative movement of the node 3 with respect to the node 2 (similarly for the other bogies). Picture 2 gives a 
comparison of max force levels in these eight points with and without the device. 

Column B 1 
. . . . . . . . . . . . . . . . . . . . .  NNN . . . . . . . . . . . .  

1980 1650 
Column B 2 2000 1660 
Column B3 2730 1690 
Column B4 2810 1700 
Thrust B 1 1925 1650 
Thrust B 2 1940 1680 
Thrust B 3 2630 1690 
Thrust B4 2740 1710 

Table 2 : Stress on thrusts and on columns guide 

First of all, it is necessary to note that the forces measured with or without SAD are severe which is due to the 
excitation signal amplification (multiplication by a factor 2). One can equally note the numerical behaviour of the SAD, the 
shape of the curve presenting the dynamic response of the SAD (figure 5) is characteristic of the curves presented by the 
constructor. A general observation can equally be made concerning on the global values of the efforts and shock force 
measured with and without SAD. In fact, for each of the bogies the values of shock forces and observed efforts on the guiding 
devices remain consistent on the nodes, which validate the necessity to have access to a modal basis built in the band 0-900 
Hz. 

Concerning the comparison with and without SAD, if we observe the impact forces between the guiding pebble and 
the rail, we can see that when the guiding device is equipped with a SAD, the forces are limited by 1.5 ~0+6 N for the 4 
guiding devices. 

The efficiency by the SAD is particularly evident on the figure 8, where we observe a limitation of the order 40% of 
max force measured without SAD. 

The efforts on the guiding columns are equally limited in the same proportions, the improvement brought being 
particularly significant (cf. figure 12). The movements along the excitation axis increase in the same proportions, as the 
efforts and the shock forces diminish. We cannot observe any ~amplitude modification in movements along the axis Y 
(perpendicular to the excitation axis). Table 3 gives a comparison of levels of max movements of the nodes of the 4 guiding 
pebbles (B 1 to B4), but equally at the bottom of the 4 guiding columns (B 1 to B4) with and without the device. 

Column B 1 -70 / 31 -90 / 59 
Column B2 -71 / 32 -89 / 59 
Column B 3 -34 / 60 -60 / 88 
Column B4 -34 / 60 -60 / 89 
Thrust B 1 -71 / 15 -89/15 
Thrust B 2 -72 / 15 -90 / 15 
Thrust B3 -16 / 60 -16 / 89 
Thrust B4 - 16 / 61 - 15 / 89 

Table 3: X maximum relative displacements on thrusts 

The results of this study show the efficiency brought of the SAD set up, but it is necessary to apply restrictions to the 
geometric aspects of the structures, which may require modifications, and to the limitations of max movements that were not 
taken into account in the present study. Nevertheless, putting in series elastic washers and SAD increases the displacements. 
They should diminish if we substitute the washers by the pre-strained device force. 



8. CONCLUSION 

Seismic design methods of polar cranes assume a linear behaviour of the structure. The modifications of seismic 
qualification rules and non-linear dynamic studies put in evidence the necessity to reinforce or to replace certain elements of 
polar cranes in case of modification of seismicqualification rules. 

A proposed solution in response to these structure modifications is to introduce shock-absorber devices (SAD) at the 
level of crane rotation mechanisms. The performance of such a modifiction was evaluated in 

Two calculation responses of the bridge with strong amplitude acceleration were realized for a provided model with 
SAD and for a model without SAD. 

The geometric constraints of the installation of the SAD, the displacements and admissible sliding were not taken 

into account. 
Efficiency brought by the SAD to the impact forces level (guiding pebble -rail) can attain 40% for very high seismic 

levels (2 times the dimensionement values be 0.3 g to the level of the ground), while increasing the movement of wheels on 
the rail by the same factor. 

The approach realized in this study shows the importance that one must attribute to these devices when modifications 
for requalification are necessary. 

9. FIGURES 
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Figure 5 • Stress v displacement f o r  the SAD 

Departement Acoustique et M~canique Vibratoire 
O(~placement roues 1 et 4 suivant I'axe X 

lo-%~ 6- 

~ N c c u d 5 5  

) 0~gSS 

l 

Figure 6 • X displacement on wheel B1 & B4 
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Figure 7 • X displacemnt on roller guide B1 & B4 
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Figure 9 " X displacement on wheel 
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Figure l O • X displacement  on columns guide 
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Figure l l • force  at  node 3 
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Figure 12"s t ress  at  node 4 
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