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The main phenomena which influence the LMFBR core response to a seismic excitation are the fluid structure
interaction and the impacts between subassemblies. To study the core behaviour, seismic tests have been
performed on the core mock-up RAPSODIE with or without fluid and restraint ring and for different levels of
excitation. This paper summarizes the results of these tests.

INTRODUCTION
1. FBR cores are composed of a great number of

nubassemblies of various types. These subassemblies
«re separated by small gaps and immersed in a fluid.
During a seism, shocks may occur between
subassemblies inducing a nonlinear behaviour of the
core.

2. The two phenomena which mainly influence
the response of the core are the fluid structure
interaction and the impacts between subassemblies.

3. To study the core response, methods have been
developed and validated through tests on the core
mock-up RAPSODIE. The aim of this paper is to
present the tests results corresponding to different
levels of excitation, in air and in water, and different
configurations of the core (free standing and barrel
restrained).

DESCRIPTION OF THE MOCK-UP RAPSODIE
4. The mock-up RAPSODIE is composed of 91

fuel assemblies located at the centre of the mock-up
(I central assembly and 5 rows around) and 180
neutronic shield elements surrounding the fuel
assemblies (4 rows) (See fig. 1). The mock-up is
surrounded by a vessel which allows to perform tests
in water.

5. The fuel assemblies are about 1.5 m high and
have 2 localized contacts between the spike and the
diagrid (See fig. 2). Their weight (20 kg) is supported
by the lower part of the diagrid and at the upper part
of the diagrid there is a small functionnal gap. which
is necessary for the introduction of the spike into the
diagrid. The cross section of the fuel assemblies is
hexagonal (50 mm wide). At about 60 cm of the top
of the assemblies are located the pads. The distance
between two adjacent hexcans is 1 mm, (at the pad
level this distance is reduced to 0,1 mm).

6. The neutronic shield elements are steel
cylinders clamped in the dummy diagrid. (See fig. 3).
They are 1.2ft m high and have a 48 mm diameter.
The distance between two adjacent element* is
4 mm.

PRELIMINARY TESTS
7. In order 'to have a better knowledge of the

subassemblies dynamic behaviour, sine sweep tests
were performed.

8. Resonances frequencies and damping ratios
were measured during individual sine sweep tests. In
air the first eigen frequencies were at 8 Hz for the
fuel assemblies and 20,5 Hz for the neutronic shield
elements.

9. The influence of the gap between the spike
and the diagrid was also investigated.

10. The tests results were used to validate the
numerical subassembly models.

SEISMIC TESTS ON THE MOCK-TIP RAPSODIE

General presentation
11. AH tests were realised with a ID seismic

excitation, parallel to diameter of the mock-up.
12. During the first tests performed on the

mock-up RAPSODIE, [2] [4] , only the maximal
displacements of the heads of subassemblies located
on the diameter of the core have been measured
[2] [4] . The values appeared to be insufficient to
understand the core behaviour.

13. For that purpose, in the same conditions,
time histories of displacements have been measured.
Nevertheless, these tests gave no informations
about the displacements of assemblies located
outside the diameter of the mock-up, the
displacements of which present a great interest
specially to understand the interactions between the
different rows of the core which motivate a new set
of tests. In this paper we present mainly the
experimental results of these last tests.

Optical measurement method
14. To measure the displacements of all the fuel

assemblies a new optical method has been
développée. The heads of the subassemblies are
equiped with black and white targets. A 16 mm fast
camera is placed on top of the core at the upper end
of a conical shell, itself rigidly connected to the
cylindrical shell surrounding the core (Fig. 4).
During the seism c excitation this camera records
the relative displacements of the subassemblies
head* at the rate of 200 FPS. After processing, die
16 mm film is analysed by means of target following
equipments. Displacement time histories of all
subassemblies are obtained by this method and are
stored m a minicomputer.
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15. Comparisons with displacements measured by
LVDT, displacement transducers have proved the
validity of the method.

Excitation - Configuration of the Mock-up
16. The seismic excitation applied to the mock-

up corresponds to the OBE and SSE of the SPX1
reactor, corrected by the scale factor of the mock-
up (1/3) to keep the same maximal velocity.

17. The tests have been performed both in air,
and in water, for two configurations :

- free standing core, which means that the
motion of the external shield elements are free,

- barrel restrained core, which means that a
restraint ring has been placed at the top of the
external shield elements, limiting their
displacement (no gap between the elements and the
restraint ring).

Results

Reference case
18. We present now, the result* corresponding at

the core mock-up in air without restraint ; this case
will be considered M a reference case for our
analysis. We will study first the maximum values of
the displacement of subassemblies during the
earthquake and their spatial repartition on the core
and then the frequency content: of the displacement
through their response specirum.

Influence of the level excitation (tests in air)
19. On the figure 5, the maximal displacement of

each assembly in the central r«w has been plotted
versus core diameter for different excitation levels.

ZO. At 100 % OBE we get a characteristic curve
with two maxima for the assemblies located near
the neutronic shield elements. At low excitation
level (up to 50 % OBE), all the fuel assemblies have
nearly the same maximal displacements. This
difference of "core deformation" illustrates the non
linear behaviour of the core.

Zl. At high level of excitation, as it could be
seen on the film, the core has a global motion. When
the fuel assemblies impact on the neutronic shield
elements all gaps are closed by inertia forces. This
explains the shape of the maximal displacement
curve where the maximal fuel assembly
displacement (Fig. 6) is equal to the sum of the
displacements of the neutronic shield element and
of the cumulated gaps.

ZZ. At a lower level of excitation, the core has
always a global motion but the gaps are not fully
closed, there are some random shocks between
subassemblies.

Displacements on the whole core
23, On the figure 7 the results for each row of

the core have been plotted. We see that the
maximal displacement of the core is obtained on the
central row. The displacement* decrease from the
central row to the external one, which is related to
the fact that the sum of gaps for the external row is
smaller than for the central one.

24. Moreover in order to study the volume
variation of the core we have measured the
variation of diameter of each tow of the core (i.e.

the difference of displacements between the first
and the last fuel assembly of each row) and we have
verified that the maximal value (diminution) of the
diameter variation of each row was about the sum
of the gaps for the considered row, and was rather
simultaneous for all the rows.

Frequency content
25. The response sepctrum of the assemblies

presents usually ( [l] and [2] ) two peaks : one
corresponding to the main frequency of the
excitation (in this case, it is 12 Hz) and the second
peak is associated to the first eigenfrequency of the
assemblies, but may be slightly different of this
frequency, due to the impacts between
subassemblies. In air for the fuel assemblies (tesp.
neutronic shield elements) this peak is at 9.0 Hz
(resp. 22 Hz), and the eigenfrequency is at 8 Hz
(resp. 20,5 Hz).

Influence of the fluid and of the configuration

26. For the maximal values of the displacements
we observe that :

- for the free standing core, there is a
decrease about 20 % due to the fluid (figs. 7 and 8).
Moreover, the shape of the curve is modified. In air
we have a characteristic curve where the maximal
displacement occurs for the external fuel assemblies
(for each row). In water, the maximal displacement
for the fuel assembly is rather constant which is an
illustration that the gaps are not fully closed,

- The presence of a restraint ring reduces
the level of displacement about 40 % in air (figs. 9
and 10), and modifies strongly the shape of the
curves. In air the maximal displacement of the fuel
assembly is about the sum of the gaps and the
displacements of the neutronic shield elements are
very small. The decrease from the ceutral row to
the external one is less important than for the free
standing core configuration. This configuration is
equivalent to the reference case with very stiff
neutronic shield elements.

27. Let's now study the frequency contents of the
displacements through their response sepctrum. We
notice that :

- The water lessens the frequency of the
assemblies about 15% (fig. 11).

- the restraint ring modifies strongly the
frequency contents. For the external neutronic
shield elements, it is no more possible to observe a
peak associated to their first eigenfrequency (fig.
12); for the free standing core, the shape of the
spectra of each type of assembly is rather constant
from one row to another row of the core. In the case
of the restraint barrel design, there is an evolution
of the shape of the spectra from the central row to
the external one.
It is to notice that during these tests the reactions
(forces and moments) of the mock-up on the diagrid
have been measured. These measures could allow to
determine an equivalent linear model [6] , used for
example in a reactor block calculations.

CONCLUSION
28. The seismic FBR reactor cores behaviour has

been studied through the tests performed on the
mock-up RAPSODE. To measure displacements at
the top of each subassembly, » special optical
measurement system bas been developped.
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These tests show that the maximal displacement
happen* on the core central irow and moreover allow
to characterize the influence of the fluid and of the
restraint ring. The experimental results will be used
to validate theoritical methods through comparisons
with calculation results [7] .
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Fig. 12 - Response spectrum of external neutronic shield element


