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Abstract

The paper presents the results of the experiments carried out for structural and functio-
nal verification of PEC Fast Reactor core elements under seismic loadings. The experimental
tests, carried out at AGIP/Medicina Laboratories within an agreement with the Fast Reactor De-
parture ENEA, were performed applying shock loadings on elements shrouds and cyclic and col-
lapoc loadingo on olomont foot. Vorification criteria were elaborated by ENEA related to French
standards. The tests results allowed the element structural and functional requirements to be
verified; furthermore, they provided reliable data for improving the validation of the French
CASTEM computer code system, as well as adequate shock stiffness values to be used in the fi-
nal calculations of the pec core seismic response.

1. Introduction

Experiments for the seismic verification of each type of PEC Fast Reactor core elements,
were carried out for both 1/2 TSS and TSS conditions /1/ at AGIP/Medicina Laboratories, within
an agreements with the ENEA Fast Reactor Department. The main objectives of these tests were:
— the seismic verification using criteria elaborated by ENEA, related to French standards, in

order to avoid the excessive deformation, plastic instability, fatigue, progressive deforma-
tion or rupture under seismic loadings (Tab.I,II,III)

—~ the assessment of reliable data, allowing a contribution to be provided to the validation of
the French CASTEM computer code system, which is used for the PEC core element design and
thermo-mechanical verification

— the determination of adequate shock stiffness values to be used in the final core seismic
calculations /1,2/.

2. Teﬁt_specimens

The tests were performed on the element components which are subjected to the most severe
seismic loads, i.e. (Fig.1):
— the shrouds at lower pad level (i.s. at 1440 mm from element base, below the active zone),
considered to be subjected to "Neutron flux damage" (Tab.Il);
— the shrouds at upper pad level (i.e. at 2558 mm from element base, above the active zone),
considered to be not subjected to "Neutron flux damage' (Tab.II);
- the feet inserted in the corresponding cans, obviously assumed to be without "Neutron flux
damage'" (Tab.III).
Both the original shroud and foot geometries and those with the recent design modifica-
tions were analyzed /2/.

3. Test equipment

Tests on shrouds and feet were performed using two different equipments based on two hy-
draulic actuators of 7 and 50 tons respectively, both controlled by the same computer used also
for data acquisition during all static tests. Shock tests on shrouds were performed at room
temperature and data acquisition of the strain-gauges mounted on all specimens, dynamic loadcell
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and displacement transducer were performed using magnetic and transient digital recorders(Fig.
2). static tests on feet were performed at 400°C using a special furnace Tfitted on the foot
and can assembly (Fig.3). Data acquisition of the high temperature strain-gauges mounted on
feet and cans, load cell and displacement transducers were performed by means of the same com-—

puter program used also to program the test load history. Similar computer program has been
also used for static collapse tests on shrouds.

4. Test load

The seismic loads applied to the pad levels were the maximum shocks forces computed with
the computer code CORALIE for each element (Tab.IV) /2/, with further experimental information
obtained in the ISMES shock tests of ref. /3/ (impact duration, time interval between subse—
quent shocks, loading rate). The shock forces were conservatively assumed to act simultaneoudy
on twoopposite faces of the shrouds. The seismic conditions were simulated (again conservative
ly) by 100 xn cycles, were n is the number of 1/2 TSS and 1 TSS earthquakes during the ele-
ment life (1 TSS is assumed for all elements while the number of 1/2 TSS eartchquakes is less
than five, depending on the "life" of the elements inside the reactor /1/). The seismic loads
applied to the element feet were static, corresponding to the maximum displacement values (in
both the positive and negative directions) computed with CORALIE at upper pad level (Tab.V)
/2/; the seismic conditions were simulated with 10 xn cycles.

5. Test procedure

The shock test procedures were as follows:

— All tests were performed on virgin material at room temperature. The presence of neutronic
damage is the main reason of the conservative assumption of 100 xn cycles, mentioned in Par.
4. Furthermore, the specimen were slightly too short, thus compensating temperature effects,
as shown by 3D calculations based on experimental results.

— One or three adjacent faces of the hexagonal pads were constrained, opposite to the loaded
face: this provides conservative test conditions.

- The dynamic loading consisted in the mentioned shock series, followed by dynamic or static
collapse.

The feet tests procedures were as follows:

— All tests were performed at the nominal temperature of 400°C.

— All tests were performed taking in account the real foot-can couplings.

- The static loading consisted in the mentioned cycling followed by static collapse, or direc-
tly by static collapse.

6. Test results

The measurements involved static and dynamic loadings, shroud squeezings and strains,foot
strains and transverse displacements. The excessive deformation loads and the collapse loads
were determined from the collapse curves. These loads, reduced with appropriate safety factors
were used to give the structural limits for 1/2 TSS and TSS (Tabs.I-III);the residual strains
and displacements were measured from cycling tests. These results are compared to the functio-
nal limits of the elements; from the above tests the total maximum strain ranges were evalua-—
ted, as well as the cumulated plastic strains and the number of cycles to reach shake-down con
ditions. After cycling tests, all tested components were submitted to liquid penetrant con-
trols. All shroud and foot test results are reported in Tab.TV and V respectively. Figs.4 and
5 show the fuel element foot collapse and cycling curves, respectively. Fig.6 shows the shroud
dynamic collapse curve at lower pad level and Fig.7 shows the time-histories of loading and di
splacement for a single shock of the same curve. Fig.8 shows the same collapse curve with the
corresponding residual displacement curve and the procedure to determine the mentioned load
for the structural seismic verifications. Fig.9 shows the shroud dynamic and static collapse
curve with the corresponding residual displacement curve of the fuel element at the upper pad
level.

7. Conclusions

The tests demonstrated that the structural and functional requirements of all PEC ele-
ments are satisfied (Tab.IV and V). With regard to the feet, this confirmed the adequacy of
the analysis recently carried out to design the actual modified element feet /2/; in that ana-
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lysis foot profiles had been designed such as to guarantee that upset limits are verified in
the case of 1/2 TSS (with the assumption that the element motions at 1/2 TSS correspond to the
maximum values which are geometrically possible taking into account the gaps among elements
and that between the core and restraint ring). A similar conclusion can be drawn with regard
to the most recent design analysis of the shrouds at pad level. Furthermore, useful data be—
come available for the validation analysis of the French computer codes TEDEL, INCA, TRICO and
BILBO of the CASTEM System (mainly in the elasto-plastic region), which is now in progress in
the framework of the collaborative agreement between CEA and ENEA. Finally, reliable shock
stiffness values were determined, which are now being used in the final CORALIE calculations
of the PEC core seismic response,
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