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BBSTRACT

A series of seismic proving tests for PWR and BWR facilities have been programmed and
conducted by the Nuclear Power Engineering Center (NUPEC) under the sponsorship of the
MITI (Ministry of Intermational Trade & Industry).

The seismic proving test (the first test in the world as an actusl suitable scale
model) described in this report was conducted from 1989 to 1990 for Heactor Pressure
Vessel of the Boiling Water Reactor (herein after, called as BWR-RPV).

The project testing was performed using the large scale, high-performance shaking
table of NUPEC in Tadotsu, Kagawa prefecture.

This paper deals with an experimental research project to demonstirate the seismic
reliability proving test for BWR-RPV in the nuclear power plant facilities.

1. INTRODUCTION

The seismic proving test for the BWR-RPV is the 8th program in the projects.

Main items to be dealt with this particular program can be summarized as follows.

(a) Confirmation of the structural strength of the BWR-RPV to withstand large esarth-
guakes.

(b) Confirmation of pressure boundary function during earthquake, §, and §, seismic
wave.

(c) Confirmation of the applicability of the current seismic design procedures.

The various test data reguired for j) verification of the adequacy of the seismic
design analysis method, {j) coufirming vibration characteristic of the test model
iii) proving the seismic safety, reliability and strength of BWR-RPV during $, and S,
seismic wave, were gbtained in this test.

This paper presents briefly only features and the summary of the detailed amalysis
and evaluation for the experimental results obtained through particularly important
test stage; strength proving test and marginal proving test, with some concreste
examples.

Morsover, ipn this paper, simulation analysis results are abbreviated. They will be
presented as the series papers of the simulation study for the follow-up survey im the
next conference.

2.TEST MODEL

The test wodel is a reduced scale (one by two) mock-up of the Reactor Pressure Vessel
for the improved and standardized 1,100MWs BWR plant for a high seismic zone.
The test model utilized for this program is illustrated schematically in Fig.1l.
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The test model (whose structure was as close &s possible to that far ths asciual
plants) mounted on & large scale, high-performance shaking teble. The key struciural
components of the BWE-RPV test model are; Reacior Pressure Vessel, RPV-8kirt, Anchaor
Bolt, RPV-Stabilizer.

Among those, former threg components are simulaied as reduced scale model (ons by
Twa) .

Stiffness of stabilizer with the struciure and component in the same way io those
of actual components are made just in order to zimulaie the dynamic vibrational
characteristics of the actual RPV, as closely as possible.

The rigidity of the base support sitructure was sufficient {0 winimize the dynamic
influence on the BWR-RPV system.

Therfore, the vibration characteristics of the test model is approximately squal to
that of an actual plaat.

Materials of the model componentis were selected to be equivalent to those of actual
sompornents to prove the seismic safety and struciural reliability based on ithe current
standarde.

The rigidity of the support siructure was sufficient to minimize their dymamic in-
fluence on the BHR-RPY.

Total weight of test wodel is about 600ton.

J.SEISMIC TEST METHODOLOGY
3.1 TEST STAGES

In order to achieve the purpese of this test, several iegt stages were programmed
according to the predetermined procedures, as shown in Fig.2.

This paper prsssnts only the summary of the experiwmental results obtained through
particularly iwmporiant test stage; sirength proving test and marginal proving test.

3.2 SEISMIC INPUT WAVE FOR EXCITATION

was subjected tc the largest response and the severest t2st results could be obtained,
according to the following procedure as shown in Fig.3. Ploor response acceleration
time histories at the top of the Esacior Pressure Vessel pedestal were calculated
before the fest using an anslytical model of the standard BWR actual reactor building
subjected to §, and &, earthquake motions. These earihquakes heve beern standardized
by MITI based om the highest seismic risk zone in Japan.

After review and discussions, the seismic input wave shown in Table 1 were sstab-
lished for the proving test.

The seismic inpui waves for excitation were selecied in such a way that the BWR-RPV
k=3

3.3 TEST COMDITIOWS AND MEASUREMENT

a) Envivonmenial Condition
The seismic proving tests for BWR-RPV were conducted under conditieons as near as
possible to those for an actual system, condition.
Vibration test were carvrried out with the test model fi
temperature, normal atmospheric and hydrostatic pressure, and
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b) Exciiation Method
As for the excitation directions, the test model was excited simuliancously bi-
direction; horizantally (X-axis direction) and vertically (F~axis direction).

c) Measuring Method
Response acceleration, stress, displacement, eic. wers weasuerd at the major poinis
on the test model and the sheking teble. Morsover, measuring pointe were about 330
points, in order to obiain the overzll response disiribution and behavior.
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4.2.3 INSPECTION RESULTS AFTER TEST

The inspection results were carried out for the test model, after the sirength prov-
ing test, marginal proving test, respectively. And. the abnormal phesnomenon (damage or
deformation on test model) had not been cobserved. From these resulis, the integrity of
strength, pressure boundary function and the supporting capability were proved.

5.CONCLUSION

The results of the seismic reliability proving test can be concretely summarized as
follows.

i) The structural and functional integrity for the BWR-RPV test model was confirmed
and also the sufficient margin in strength for 5, and S, earthquake wave and for
severer earthquakes up to 1.7 5, was confirmed.

ij) Abnormalities were not found in the inspection. BWR-RPV pressure boundary function
and supporting capability were waintained under the seismic motion.

iii} From the evaluation results of test data mentioned in Section 4.1, it could he
concluded that the linear analysis metithod will be able to use for the sarthguake
response analysis method, BWR-RPV will be able to be replaced with a single elastic
beam for bending and shear deformation.

Moreover, the above evaluated numerical analytical model and analysis method is
similar to the current seismic design codes and procedures.

The following vibrational behaviors of RPV were also observed. That is, the non-
linear vibration characteristics were occurred by the gap eslement of the stabilizer.
However, the relation between the earthguake response value and table output accele-
ration showed an approximate linearity. The vibrational motion direction of the RPV
top was coincided with the exicitation direction.

These results indicate that the assumpiion on the ssismic analysis of the BWR-RPV
ig reasonabls, i.e., mathematical model of RPV can be replaced with the single elas-
tic beam.

) The modal damping ratio, estimated by various data and methods, were larger than
the current design value. This estimated damping ratio shall be applied to the simu-
lation analysis.
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