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INTRODUCTION
In case of a Hypothetical Core Disruptive Accident (HCDA) in a Liquid Metal Reactor, the

interaction between fuel and liquid sodium creates a high pressure gas bubble in the core. The
violent expansion of this bubble loads the vessel and the internal structures, whose deformation
is important.

During the 70s and 80s, the LMFBR in tegrity was studied through several experimental pro-
grammes undertaken by several countries and by developing computer codes especially devoted
to the analysis of transient loads resulting from a HCDA. The codes generally aimed at sim u-
lating a HCDA at reactor scale in order to demonstrate the capacity of the reactor to resist to
such an accident. The experimental programmes had more v aried objectives. For instance, the
purpose of the FTR and CBR detail scale model [1] was to demonstrate that the Clinch River
Breeder Reactor could withstand HCDA loads for licensing the reactor.

The STROVA and COVA programmes w ere dedicated to the validation of the computer
codes. The STROVA programme [2] consisted in applying w ell defined transient loadings to a
variety of metal structures (representative of the reactor roof and reactor vessel components)
and to compare the experimen tal results with those computed by the structural dynamics code
EURDYN.

The COVA programme [3,4,5] (COde V Alidation) relied on a series of experimen ts performed
in cylindrical tanks, starting with simple tests and increasing in complexit y in sudi a way that
only one new feature was introduced at a time. This programme [6,7] aimed at v alidating the
codes ASTARTE and SEURBNUK.

The WINCON and MARA programmes involved tests of gradual complexity which were based
on small scale replicas of real reactors. The interest of the WINCON programme [8] (WINfrith
CONtainmen t) was at once to understand the influence of the presence of every internal structure
in the global response of the reactor and to validate the codes SEUBNUK and EURDYN.

Based on a 1/30 scale model of the Superphenix reactor, the French programme MARA
involved ten tests of gradual complexity due to the addition of internal deformable structures:
• MARA 1 and 2 [9] considered a v essel partially filled with water and closed by a rigid roof,
• MARA 4 [10] represen ted the main core support structures,
• MARA 8 and 9 [11] w ere closed by a flexible roof,
• MARA 10 [12] included the core support structures and a simplified represen tation of the above
core structure. The MARS test [13] rests on a 1/20 scale moc k-up including all the significant
internal components.
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The SIRIUS french code [14,15] was validated on the MARA programme [16,17]. As other

codes using a Lagrangian approach, SIRIUS needed rezonings during calculation because the
internal structure presence caused high distortion of the fluid meshes. Finite differences were
used for the sodium and the roof and finite elemen ts for the thin vessel. As the argon and the
bubble were not meshed, a law related volume to pressure.

At the end of the 80s, it was preferred to add a specific HCDA sodium-bubble-argon tri-
component constitutive law [18] to the general ALE fast dynamics finite element CASTEM-
PLEXUS code. The HCDA constitutive law was qualified [19] on the CONT benchmark [20].

In order to demonstrate the CASTEM-PLEXUS capabilit y to predict the behaviour of real
reactors, axisymmetrical computations of the tests MARA 8 and 10 [21,22] and MARS [23]
were confronted with the experimental results. The simulations showed a rather good agreement
between the experimental and computed results for the MARA 8 and MARA 10 tests - ev en if
there were some discrepancies - but the prediction of the MARS structure displacemen ts and
strains was overestimated.

This conservatism was supposed to come from the fact that sev eral MARS non axisymmetric
structures like core elements, pumps and heat exchangers were not represented in the CASTEM-
PLEXUS model. These structures, acting as porous barriers, had a protective eifect on the mock-
up containment by absorbing energy and slowing down the fluid impacting the containment. For
these reasons, we developped in CASTEM-PLEXUS a new HCD A constitutre law taking into
account the presence of the internal structures (without meshing them) b y means of an equivalent
porosity method [24,25,26].

In other respects, the process used for dealing with the fluid-structure coupling in CASTEM-
PLEXUS was improved. Thus a second series of simulations of the tests MARA8 [27,28] and
MARA10 [29,30] w as realised. A simulation of the test MARS [31,32] w as carried out too with
the same simplified represen tation of the peripheral structures as in [23] in order to estimate the
improvement provided by the new fluid-structure coupling.

A third simulation was undertaken using the fluid-structure improvements and the description
of the peripheral structures (heat exchangers and pumps) by means of the porosity model. The
MARS test-facility, the numerical model and results of the sim ulation are described in [33,34,35].
This paper presents the comparison of the results of the third numerical simulation with the
experimental results and the numerical results of the previous sim ulations, as well as a synthesis
of all the results of the simulation.

COMPARISON WITH THE EXPERIMENTAL RESULTS AND
WITH PREVIOUS NUMERICAL RESULTS

The purpose of this simulation consists in qualifying the CASTEM-PLEXUS code for the
computation of Core Disruptiv e Accidents and to estimate the progress realised in the modeling
of the accident. Thus the current numerical results are compared with the experimen tal results
and previous numerical results [23,32]. The main differences with the first CASTEM-PLEXUS
computations lay on the mesh fineness (Fig. 1) and the treatmen t of the fluid-structure coupling.
This computation differ from the second CASTEM-PLEXUS one b y the description of the
peripheral structures (Fig. 2 to 5).

The comparison concerns:
• the vertical displacement of the main vessel base,
• the radial displacement of the main vessel at the junction with the collar,
• the hoop strain of the vessel upper bulge,
• the vertical displacement of the roof,
• the vertical displacement of the diagrid support,
• the vertical displacement of the in-pile shell,
• the radial displacement of the lateral neutron shielding,
• the radial displacement of the baffle top,
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• the radial displacement of the internal vessel at the top of the lower part and at the bulge level
in the upper part,
• the impact pressure under the large rotating plug and under the roof and the instant of maxi-
mum.

Fig. 1: Mesh used of the first
CASTEM-PLEXUS

computation

Fig. 2: Mesh of the second
CASTEM-PLEXUS

computation

Fig. 3: Mesh of the structures in
the second CASTEM-PLEXUS

computation
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Fig. 4: Mesh of the third
CASTEM-PLEXUS

computation

Fig. 22: Location of the points
used to describe the main vessel

upper bulge

Fig. 5: Mesh of the structures
in the third

CASTEM-PLEXUS
computation

The figures 6 to 13 present respectively the vertical displacements of the main vessel at the
bottom and at the junction with the collar, of the CCP heat-insulation lower plate, of the small
and large rotating plugs, of the roof, of the diagrid support and of the CCP in-pile shell. The
figures 14 to 18 show the radial displacements of the upper bulge of the main vessel, of the
neutron shielding, of the baffle and of the internal vessel (lower and upper parts). The figures 19
to 21 display the pressure under the top closure and the figure 22 the location of the points used
to describe the main vessel upper bulge. The black curves correspond to the third simulation
while the green curves correspond to the second simulation. The table 1 presents a synthesis of
the results.

Regarding the behaviour of the main vessel, the second and third simulations provide the
same maxim um displacemen t at the bottom (same v alue, same time). As both sim ulations differ
by the description of the peripheral structures, the first impact of the shock wave on the vessel
bottom is not concerned. The final vertical displacement is a bit higher in the third simulation
than in the second one because the porous area expanse limits the radial flows and concentrates,
in a first time, the pressure increase and the fluid flows in the area comprised between the
symmetry axis and the inner radius of the porous area. The third sim ulation (error of 50 % for
the maxim um and 33 % for the final displacemen t) is better than the first one (errors of 143 %
and 188 %) but not better than the second one (errors of 50 % and 22 %).
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At the junction of the main vessel with the collar, the maxim um displacemen t is a bit higher

than the ones estimated in the first and second sim ulations, but it does not fit better with the
experimental measure (error of 75 %).

Concerning the upper bulge, the comparison with the experimen tal data and with the previous
computations concerns the area of points 3 and 4 (Fig. 22). The third simulation overestimate
the hoop strain as well as the previous simulations: the estimation of the maxim um strain is
twice the experimental one. The simulation shows that the maximum radial displacemen is
recorded at points 5 and 6, lower than the gauge location. Due to the going down of the fluid
inside the channel separating both vessels, the upper bulge follows the going down of the fluid
and the maxim um strain is computed just abo ve the base of the channel.

About the vertical displacement of the top closure, the maximum value is computed in the
small rotating plug. It is almost iden tical in the whole plug and around 18 mm. The displacemen t
of the large rotating plug is a bit lower: between 14 and 16.5 mm. In the roof, the maxim um
displacement is noted at the junction with the large rotating plug and is around 11.2 mm.
At mid-distance between the plug junction and the main vessel, the displacement reaches a
maxim um of 7.2 mm whereas near the v essel the maxim um value is no more than 3.7 mm. The
values noted in the different components confirm the deformation in stairs of the top closure
with a vertical gap of some millimetres bet ween two massive components. Globally, the third
prediction induces displacements slightly higher than the second prediction. The time of the
maxim um displacemen t is a bit sooner. The curve shape is rather sharp in the third simulation
and flatter in the second one.

For the comparison of the vertical displacement of the roof, we suppose that the concerned
point is the one located on the roof at the joining ring limit with the rotating plug. The new
results do not differ much from the ones of both previous simulations. They remain far from
the experimental results regarding the maxim um displacemen t (100 % error). However, the final
displacement is correct.

Concerning the diagrid support displacement, we note a maxim um displacemeit of 31 mm at
3.5 ms and a final displacemen t of 20 mm. The maxim um value is identical and occurs at the
same time for the second and third sim ulations because the porous area has no influence at the
beginning of the explosion. On the contrary, the diagrid displacement is higher later because the
porous area reduces the free space between the CCP and the internal vessel upper part. The
expansion of the fluid and of the whirlpool is more limited: the bubble gas can expand less easily
out of the central area and later the whirlpool tends to push back more fluid in the central area.
As the first simulation concerned 20 ms of physical time whereas the two following ones were
stopped at 17 ms, it is difficult to conclude if the new sim ulations improve or not the prediction
of the final displacement.

The predicton of the CCP in-pile shell vertical displacement is much more precise than in the
first simulation, but less precise than in the second one (by extrapolation of the curves, one can
foresee that the displacement will increase more in the second case than in the third one and
consequently the prediction of the second simulation should be more accurate than the third
one). As the simulations were stopped too soon, it is difficult to estimate the error bet ween the
prediction and the experiment.

The radial displacement of the lateral neutron shielding top is identical for the second and
third simulations and higher than the one computed in the first sim ulation. The first simulation
was much more precise than the two following ones: the first prediction fitted very well with
the experiment whereas the second and third predictions overestimate of 18 % the maxim um
displacement and of 26 % the final displacement. Among the four lines of neutron shielding
present in the test-facility, only one was represented in the numerical sim ulations; consequently,
a single shell is less rigid than four shieldings. In the first simulation, the mesh was rougher,
what induced an extra-rigidity of the shell.
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Concerning the baffle radial displacemen t, the new simulation presents an error of 46 %. It is

difficult to compare the first prediction with the folio wing ones: in the first simulation, the baffle
was completely blocked from the base to mid-heigh t while, in the new simulations, the baffle can
move freely. Considering that condition, it is normal to observe a larger displacement in the new
simulations than in the old one. Maybe the first simulation was closest from the experimental
conditions as it considered, in a simplified way, the additional rigidity brought in the lower part
of the baffle shell, by the different rows of baffles.

Regarding the radial displacements of the internal vessel upper part, the third simulation
(error of 42 %) overestimates largely the displacements. The third simulation provides results
similar to the ones of the first simulation (error of 50 %), but m uh worse than those of the
second simulation which fit exactly with the experimental results. It seems that the porous area
acts as some kind of obstacle around which fluid flows. Consequently, the flows are concentrated
between the porous area and the closest structures (top closure and internal vessel) and push
away the structures.

About the pressure peak observed under the large rotating plug, the results of the third
simulation are much less precise than the ones of the two first simulations. The instart of
maxim um is the same as in the second sim ulation and presents a delay of 1 ms, compared with
the experiment. The peak value in the third simulation is lower than the ones of both previous
simulations. The peak is more spreaded out than in the second sim ulation and does not fit with
the experimental peak which must have been high and very narrow.

Concerning the pressure peak under the roof, the maxim um value and the instant of maxim um
are quite similar in the second and third sim ulations. They are in a better agreement with the
test than the first simulation ones but the results do not fit correctly with the test. Comparing
the results of the two last simulations, the curve shape is very different: if the third simulation
presents a single regular peak at a given point of the roof, the second computation exhibits
several peaks and a very jerked pressure evolution.

Globally, the new simulation is in a better agreement than the first one, but in a worse
agreement than the second one. The third simulation overestimates all the displacemen ts, apart
from the final displacements of the roof (which fits correctly), of the CCP in-pile shell and of
the lower part of the internal vessel (which are underestimated). The maxim um value of the
pressure peaks under the top closure is underestimated but the instant of the maximum is
correctly predicted.

As a conclusion, the mesh refining - enabling a higher flexibility of the shells - and the de-
velopment of the FSA coupling - allowing tangential fluid flows along the shells - improved the
precision of the results between the first and second simulations. The use of the porous method
in place of a simple pressure loss lead to a slowing down of the fluid flowd in the porous area
and a skirting of the porous area by the fluid. These phenomena induced higher pressures and
more important flows out of the porous area and higher structure displacements.

SYNTHESIS OF THE RESULTS
We try to present here a synthesis of the results of the third simulation [33,34,35,this paper]

computed with the code CASTEM-PLEXUS. Initially , all the fluids are at rest in the whole
mock-up. The bubble gas located in the centre is at a pressure of 288 MPa. The argon layer
laying just below the roof and the water filling the rest of the test-facility are at the atmospheric
pressure.

The pressurised gas starts expanding since the beginning of the computation, thus inducing
the propagation of a shock wave through the mock-up. At 0.06 ms, the shock wave impacts
the lateral neutron shielding and the CCP in-pile shell; the stresses start increasing in both
structures. The fluid in the central area is propelled towards the nearest structures with a speed
of about 200 m/s, uniform in all the directions.
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The shock wave hits the diagrid support, the baffle and the two lower CCP spacer plates at

0.1 ms and the internal vessel lower part at 0.14 ms. The bubble gas expands in the central area
with a speed of 120 m/s. The water out of the central zone is accelerated outwards with a speed
in the range 20 - 40 m/s.

The structures in the pressurised area are submitted to stresses and start mo ving away. Ho-
wever there is one exception: because of the swivel link between the diagrid support and the
Core Support Structure, the diagrid bends immediately and the stresses increase v ery little in
the structure.

The shock wave impacts the upper CCP spacer plate and the main v essel bottom at 0.22
ms. The fluid in the central zone orients mainly towards the free space between the neutron
shielding and the in-pile shell. The fluid rebounds against the diagrid and then orients towards
the neutron shielding. In the rest of the mock-up, the fluid continues its spherical expansion.
Radial displacements and plastic strains are observed in the neutron shielding and the baffle.
Vertical displacements and plastic strains are noted in the lower part of the CCP and in the
diagrid.

Between 0.22 and 0.4 ms, the shock wave splashes all along the main vessel, except under the
CSS and near the top. The bubble gas goes on expanding in the central area. The water is still
accelerated outwards and impacts almost all the structures.

Two structure areas are protected: the main vessel below the CSS because the water cannot
flow directly in the space between both structures, and the roof because of the presence of the
argon layer. The argon layer is compressed upwards and pushed towards the corner joining the
roof to the main vessel.

The majority of the internal structures suffers deformations: the neutron shielding, the baffle
and the internal vessel bend slightly above their base, the diagrid support bends at the centre as
well as the part of the main vessel located just under the diagrid. In the CCP, the in-pile shell
being pushed up, the CCP vertical cylinders impose a bending to the spacer plates. Besides, the
intermediate and external CCP cylinders suffer buckling in their lower part. The highest stresses
are located at the junction of the CCP spacer plates with the external cylinder, at the junction
of the collar and the main vessel and at the junction of the torospherical and cylindrical parts
of the main vessel. Plastic strains are observed in the neutron shielding and the baffle.

From 0.4 to 1 ms, the shock wave finishes impacting the main v essel. The pressure globally
decreases in the reactor but pressurised water areas are still present in the central area and along
the vessel above the collar junction. The bubble gas continues expanding in the central zone and
it arrives at the free space between the neutron shielding and the in-pile shell. In the rest of
the mock-up, the water is hurled spherically and impacts violently all the structures. The argon
flows horizontally along the top closure towards the main vessel. All the shell structures are
submitted to stresses and suffer deformations, apart from the massiv e pieces of the top closure.

From 1 to 3 ms, the pressure decreases in the cen tral area because the bubble gas starts coming
out of the confined central zone. The maxim um fluid speeds are recorded in the free space between
the neutron shielding and the in-pile shell: around 90 m/s. The pressure decreases in the CCP
from 1 to 2.4 ms because the upward fluid flows in the CCP slew down. Then the pressure
increases in the CCP upper part due to the buckling of the external cylinder top.

The water under the diagrid continues impacting the main v essel bottom, flows along the
vessel in direction of the collar and then rebounds on the collar. Consequently, a pressurised
area forms under the Core Support Structure. The water below the internal vessel is propelled
towards the collar, on which it rebounds. Then it moves up along the main vessel towards the
channel separating the two vessels.

Between the CCP and the internal vessel, the bubble hurls water violently towards the small
and large rotating plugs, towards the internal vessel intermediate part and in the space between
the neutron shielding and the baffle. The porous area acts as an obstacle and deviates fluid
vertically. The water flows, between the CCP and the porous area, lead to a compression and a
concentration of the argon in the top corner.
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During this time interval, the neutron shielding reaches a maximum opening of 64 mm, a

maxim um stress of 650 MP a at the top and a maxim um plastic strain of 40 %. The baffle mo ves
away of 37 mm at mid-heigh t and suffers a maxim um stress of 550 MP a and a plastic strain of
35 %. The top of the lower part of the internal vessel moves aw^ until a maxim um displacemen t
of 17.5 mm. The diagrid support and the main v essel bottom continue their downward displa-
cement. The CCP in-pile shell and spacer plates continue to move up because of the buckling
and then the crushing ot the external cylinder top against the heat-insulation plate. Owing to
the fluid splashing against the top closure, the small rotating plug begins going up.

Between 3 and 5 ms, the bubble going out of the central area expands between the CCP
and the internal vessel. It pushes water upwards along the CCP and the internal vessel upper
part. Consequently, a pressurised area forms under the top closure. Pressure peaks are noted
below the top closure: 13 MPa and 6 MPa around 3.5 ms at the centre and at the edge of the
heat-insulation plate, 4 MP a and 3.2 MP a at 3.8 ms under the small and large rotating plugs.

The maximum speeds are located out of the central area, in the bubble panache expanding
in the mock-up. The argon starts orienting from the top corner to the channel separating both
vessels whereas water is still going up in the same channel. Therefore the main vessel starts
bending at the top extremity. Below the internal vessel, water rebounds on the main vessel and
goes back towards the internal vessel. Below the diagrid and the CSS, water is pushed back by
the collar and orients towards the diagrid.

Besides of the previous structure deformations, we can observe a bending of the lower CCP
heat-insulation plate, the complete crushing of the external cylinder bulge against the top closure,
an upward displacement of the small and large rotating plugs, the bending and the stretching
of the intermediate part of the internal vessel and the bending of the main vessel top.

Maxim um vertical displacements are reached in the main vessel at about 4 ms: -21 mm at the
bottom and -10.5 mm at the junction with the collar. The diagrid support presen ts a maxim um
vertical displacement of-31 mm at 3.5 ms. The formation of the main v essel upper bulge and of
the internal vessel upper bulge begins around 5 ms. During this period, the stresses decrease in
the lower part of the mock-up (main vessel lower part, neutron shielding, baffle) and increase in
the upper part of the mock-up (top closure, CCP top, internal vessel upper part).

From 5 to 8 ms, the bubble gas goes on expanding out of the cen tral zone. The size of the
bubble panache is maxim um at 8 ms, just before the formation of the whirlpool bet ween the
CCP and the internal vessel. The water below the diagrid moves along the main vessel from the
collar to the diagrid, so that the diagrid support goes back upwards.

Below the internal vessel, the water moves upwards along the main vessel, or from the CSS to
the intermediate part of the internal vessel. In the channel, the water goes up at the base while
the argon goes down at the top, thus causing the formation of the main v essel upper bulge. As
the argon pressure is higher than the water one, the bulge goes down following the going down
of the argon in the channel.

The vertical displacement of the CCP in-pile shell is maxim um around 8 ms and reac hes 98
mm. The transformation of the bubble gas panac he into a large whirlpool above the baffle and
the internal vessel attracts fluid located between these shells so that the radial displacement at
mid-height of the baffle and at the top of the internal vessel lower part decreases.

On the contrary, the whirlpool formation and the induced water propelling involve a fast
increase of the top closure upward displacement and of the internal vessel radial displacement.
The upward displacement reaches 29 mm at the heat-insulation plate centre, 18.5 mm in the
small plug, 16 mm in the large plug and 11.2 mm in the roof. These maximum values are noted
at about 8 ms.

Due to the presence of the porous area, the fluid propelled towards the internal vessel passes
more easily round the porous area than through this area. Therefore the nearest structures are
more in demand: the in ternal vessel upper part reaches a maxim um radial displacemeii of 15
mm at 7 ms in the porous model instead of 11.5 mm with the pressure loss model.



From 8 to 13 ms, the bubble panache between the CCP and the internal vessel stops its
progression due to the resistance of the compressed water and turns round itself: it is replaced
by a whirlpool. This twirling movement pulls water from the top closure and from along the
porous area and the internal vessel. Argon and water are attracted downwards from below the
small rotating plug along the CCP external cylinder. The external fluid compression on the top
of the external cylinder pushes inwards the water inside the CCP and the fluid flow inside the
CCP reverses and orients downwards. The vertical displacements of the CCP heat-insulation
lower plate, of the CCP in-pile shell and of the top closure (plugs and roof), decrease from 8 ms
to 14 ms. On the contrary, the radial displacement of the baffle top reaches a maximum value
of 22 mm at about 12 ms

The argon inserted in the channel between the vessels continues its downward progression;
it pushes down the water inside the channel and lower along the main vessel. The main vessel
upper bulge moves down and reaches a maxim um amplitude of 35 mm bet ween 10 and 12 ms.

The water under the diagrid and the CSS slows down. The diagrid support and the main vessel
bottom go back upwards until bout 12 ms: they reach respectively minimum displacements of
-16 mm and -8 mm at that time. The collar attac hment not only goes bdc upwards but its
displacement becomes positive between 9 and 14 ms: a maxim um displacemen t of +2.5 mm is
reached at 12 ms.

Pressure peaks are recorded under the CCP at 7.5 ms (3 MP a) and 11.2 ms (28 MP a): the
first peak is caused by the impact of w ater upward directed and the second peak origin is the
inward propelling of the water located next to the external cylinder, due to the water and argon
attraction from the top closure by the whirlpool. The small pressure peak of 1.3 MP a recorded
around 10 ms under the small plug is also caused by the whirlpool formation.

Between 14 and 17 ms, the whirlpool becomes independen t from the rest of the fluid: it twirls
on its own axis in the middle of water. No more bubble gas goes out from the cen tral area. On
the contrary, the whirlpool hurls back water and bubble gas inside the central area: This fluid
impacts violently the diagrid support and pushes up the in-pile shell. The fluid speeds become
high again in the central area: up to 100 m/s.

Globally, the pressure decreases in the reactor but locally there are still fluid flows (whirlpool
and its consequences) which change the fluid distribution in the reactor. These fluid flows induce
structure displacement increases in some cases (diagrid support, in-pile shell, main v essel bottom,
top closure) whereas some structure remain steady (neutron shielding, in ternal vessel) or come
back a little towards their initial location (baffle).

Later, the alternate fluid and structure motions are probably continuing because of the fluid
rebounds against the structures. But progressively the fluid flows and the displacemen t amplitude
will probably decrease and oscillate around stable location.

CONCLUSION
In that paper, we compare the numerical results of a simulation of a Hypothetical Core

Disruptive Accident with the experimental results observed in the MARS test-facility. Globally,
the simulation describes correctly the phenomenon but overestimates the displacements and
strains of structures. The modeling of the peripheral componen ts by a porous area does not
reduce the conservatism.

The previous simulation, using simply a pressure loss to represent these components, leaded
to results closest to the experiment. Two reasons may explain this gap:
• the pressure loss was applied from the internal vessel intermediate part to almost the top
closure whereas a space was let between the porous area and the internal vessel. As the porous
model is only available in eulerian description, the space was let to allow the displacements of
the structures. Due to the space, fluid flows going round the porous area in the vicinity of the
structures (internal vessel and top closure) induce additional stresses in the structures.
• The size of the porous area is important, compared to the reactor size. As the fluid flows
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through the porous area are limited, the bubble gas expansion and the induced water propelling
cannot take place in the whole reactor; consequently, some structures (top closure, CCP, main
vessel bottom) are more in demand.

The development an ALE description of the porous model would allow to represent the per-
ipheral structures in the vicinity of shells or massive structures. However, the precision profit
should not be very high. To improve seriously the model, it would be necessary to represent the
damping and the energy loss provided by the deformation of the peripheral structures during
the explosion.

This paper also presents a synthesis of the results of the numerical simulation. The explosive
wave propagates from the centre of the mock-up towards the main vessel and the top closure.
The passing of the pressure wave loads and deforms the internal structures and then the external
ones. The structures most in demand are the neutron shielding and the core co ver plug because
of their proximity with the pressurised area.

The high pressure gas bubble in the central part of the mock-up expands in the rest of the
test-facility, thus pushing away the top of the neutron shielding and the in-pile shell. The argon
layer under the top closure is pushed below the roof and in the channel between the internal
and main vessels. A bulge forms in the upper part of the main v essel during the passing of the
pressurised fluid in the channel.

During the explosion, the water contained into the mock-up is accelerated and hurled against
the structures. In particular, the water impacts perpendicularly the main v essel and the top
closure. The water thrust leads to a large deformation of the main vessel bottom. The fluid
impacting the top closure causes a deformation in stairs (more importan t at the centre than at
the edge) linked to the lower rigidity of the joining rings linking the massive slabs (plugs and
roof).
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Experiment

Maxim um

-14
-6
2.4
5.5

54

19

19.4

3

5.4

4.1

Final

-9

1.9
5

-18
97
50
15

15

10

1st computations
Maxim um

-34
-10
4.8
12

70

3.6

3

2

7

Final

-26

4.4
5

-23
70
53
14

10

15

2nd computations

Maxim um

-21
-10
4.8
11
-31
102
64
25

18.5

11.5

6.4

4

3.4

4

Final

-11

4.5
4

-19
88
63
23

14

10.5

3rd computations

Maxim um

-21
-10.5

4.9
11.2

-31
%
64
24

17.5
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3.2

3.8

3.4

4.2

Final

-12

4.7
5

-20
88
62
22

13.5

14.2

Table 1: Comparison between the experimental results and the results computed by
CASTEM-PLEXUS
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