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1 INTRODUCTION

Because of their thinness, large-diameter pipes carrying liquid sodium 
are particularly sensitive to local external forces ; moreover-, because 
of the thermal transient they cannot be locally stiffened to withstand 
high loads. When self-locking devices (SLDs) acting during earthquakes 
or sodium-water reactions have to be fixed onto these pipes, the 
problem is complicated because the forces are alternating and of 
unknown axis. In this case the device must be multidirectional and 
without gap.
In the main secondary circuits of Superphenix, the adopted device was 
the bladed collar described in Ref. [1]. With respect to this design, 
the new device presented here has the following advantages

- it avoids major attachments welded to the pipe

- it is easy to fix onto the pipe and to remove if necessary.

These advantages result in a reduction in the cost of fabrication, 
checking and erection and in the possibility of inservice inspection 
of the pipe.

2 PRINCIPLE

In order to withstand any radial load without welded junction on the 
pipes, cradles (three or more) must be arranged around the circular 
section.
To permit free radial expansion during sudden temperature changes, the 
cradles must be applied against the pipe by a flexible system.
The cradles must be set so as to reduce ovalisation and stresses 
induced by the pressing forces. Four cradles provides a good balancing 
effect in the stresses and deformations.
However, the pressing forces must be sufficient to avoid gaps between 
the pipe and the collar during alternate seismic loading. The pressing 
force of the cradles must be higher than the maximum load in the SLD 
during an earthquake.
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3 DESCRIPTION

The adopted device, which is covered by patents, is represented in 
Fig. 1 for the case of a sodium pipe of diameter 762 x 11,9 mm subject 
to a radial seismic force of 100 kN.
Four cradles are set against the pipe on two perpendicular diameters. 
These cradles are hinged to the elements of a collar that includes a 
rigid part of 180 degrees and two hinged arms.
Each cradle has an angle of about 90 degrees. The cradles and the 
collar parts are stiffened by plates.
A compressed metal cloth blanket is inserted between the cradles and 
the pipe.
All these elements are buried in the heat insulation and are pressed 
together by a spring box connecting both ends of the arms.
Fixing plates for the SLDs are welded on the rigid part of the collar.

4 BEHAVIOUR OF THE COLLAR

Because of the hinges, the mechanical loads as well as the internal 
thermal loads and the pipe's deformations result in isostatic behaviour. 
In addition, during permanent operating conditions the temperature of 
the different parts of the collar remains very close to the temperature 
of the piping. Only the spring box remains cold.
Therefore, the only consequences of the thermal loads are :

- variations in the pressing force

- variations in the local conditions of contact induced by displace­
ments in the hinged system, by the deformations of the cradles and 
by the changes in the radius of the pipe.

By evaluating these effects, the characteristics of the spring can be 
chosen and the roll of the compressed metal cloth can be exactly 
defined.

Fig. 2 shows the displacements during a thermal transient. In the 
illustrated case the temperature of the pipe is increasing with respect 
to the temperature of the collar ; the rigid part of the collar is 
adopted as reference.

5 BEHAVIOUR OF THE PIPE

- Preliminary calculations concerning the case of a pipe lying on one 
cradle were performed. A finite-element calculation was used with 
three different contact hypotheses':

. case of a rigid cradle

. case of an elastic contact

. case of a progressive gap between the pipe and the horns of the 
cradle.

A representation of the circumferential bending stresses in the 
transverse section is given in fig. 3. They confirm an analytical 
two-dimensional ring theory.
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Fig.. 4 shows the meridional membrane stresses due to bending in the 
cross section. Comparing this distribution with the linear one 
inferred by the beam theory, perturbation due to the cradle can be 
seen. The stress intensifier is much lower than the value given by 
the classic method for designing shells on saddle supports (ref.[2]);

- Current studies relate to the four-cradle device and take into 
account both pressing force and radially acting external force. The 
model is represented in fig. 5;

The unilateral contact and the non-linear characteristic of the 
compressed metal cloth are taken into account. The kinematic beha­
viour is carefully represented in order that the actual distribution 
of the forces might be known.

The calculation will be continued by increment of the external 
radial load until the collapse of the pipe. Any bifurcations will 
be detected.

6 TESTS

6.1 Description of tests carried out

The test model is shown in fig. 6. The horizontal tube-cell has the 
same geometrical specifications as a real pipe (outside diameter 
762 mm, thickness 11.9 mm). Its total lenght is 5 metres. The support 
collar is placed in its middle.

The tube-cell is inserted at its ends into a force simulator by 
universal joints. By means of jacks applied to the collar, the simula­
tor reproduces the maximum loadings (earthquake and sodium-water 
reaction) encountered during operation in a power plant.
These loadings are as follows :

5
- a maximum tensile or compressive radial force of 10 N on each 
stirrup

- stray forces related to the expected misalignments of the stirrups 
during operation in a power plant. These forces are simulated by a 
jack with a movable hitching point. The resultant of these forces 
with the nominal axial and radial forces is in a solid angle of 
0.12 sr from the axis of the nominal force.

The behaviour of the collar will also be studied in the presence of a 
force applied to one of the stirrups and of direction perpendicular to 
the radius and centreline of the pipe.

To prevent the collar becoming detached from the pipe under the 
above-mentioned loadings, pretightening is necessary. This pretighte­
ning of 5.8 10 N is obtained in normal operation by an elastic 
device acting on the two arms of the collar. During certain tests, 
tightening is ensured by a jack. In particular, a thermal transient 
(hot piping, cold collar) could be simulated by overtightening the 
collar.
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To simulate the case of a collar equipping a pipe and to find out its 
aptitude to whithstand translational slip, a maximum axial force of 
2 10 N colinear with the pipe centreline is applied to the collar by 
means of three jacks and a distributing ring. This force is combined 
with the previously described radial force.

6.2 Description of measurements made

The above-mentioned loadings are applied gradually. Measurements of 
forces, displacements and deformations are made at each loading 
step. The location of the measurements is shown in fig. 7.

On the pipe, the deformations of the internal and external walls 
are measured at 17 points with three-dimensional gauges. Ovalisation 
is also measured by a device scanning the inside diameter every 
degree. A measurement is made prior to loading.

Distribution of the forces in the collar is known by the measurements 
carried out along the 5 dynamometric axes A1 to A5. Tightening of the 
arms is measured by a force sensor. Collar deformations are monitored 
by a displacement sensor for the coming together of the tightening 
arms and by extensometric gauges on the extrados and the stiffeners of 
a support saddle.

Displacement measurements also provide information on blanket compres­
sion and on the tangential and transverse slipping of the collar on 
the pipe.
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