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Development of Probabilistic Floor Specira for Loviisa Nuclear Power Plant
Jari PUTTONEN, Pentti VARPASUQ

Imatran Voima Oy, Vantaa, Finland

ABSTRACT

The procadure used in this study for gensrating probabilistic floor
Tesponss spectra follows the methodology develoved under seismic safety
margins research program (SSMRP) conducted in the beginning of eighties in
the U.S. This approach will provide a complete description of seismic
erwvironment for equipnent and piping and coan be used divectly in ssismic
F2A studies. The end result of the study will be mean and mean-plus-cne—
standard-deviation amplified response spactra in selected rodal points in
the structure. In seismic PSAs, the urcertainty in structural response is
reguired and this iz given by mean and mean-plus-one-starndard-deviation
response spectra. In the vrocedure for orobabilistic floor spactra gen-
eration thare are five main tasks, namely, the development of control
motion; the development of soil and structural models: the latin hypercuba
sampling for setting up the input values for esach earhguake simulation and
the last step is the actual response analysis.

1 INTRODUCTION

Thig study is a part of seismic probabilistic safety assessment (PSA) for
Loviisa Nuclear Fower Plant. The purpose of the current task is to
determing the floor response spectra which can be used in estimating
seismic fragilities of the plant equipment. The first task in spectra
generation is the determination of the control motion. In order o do this,
the target ground spectral shape, the peak ground acceleration (PGA) and
the duration and envelope curve for the acceleration time-history have to
be fixed. In addition to the control motion, the stwuctural model has to be
set up and the wncertainty in contyol motion as well as in the properties
of the structural model is teken cave of by making the response calcu-
lations repeatedly with different values for the control motion and for the
properties of the sivuctural model. For selecting the input values for
response simulations the latin hypercubs sampling method is used. This
method is one variation of the Monte Carlo method but the advantage of
latin hypercube sampling is that the amount of simulation runs can be kept
amall and at the same time, however, the total range of variation of the
input psrameters is covered. Throughout the structural analysis the linesar
theory was adopted and the dynemic response czloulations were made with the
aid of the mode superposition method, The proparties of the stwructural
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median valve Ffor the modal fre uency of each mode was the value obtained
from mode extraction : = e ahi
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mn of the finite elewent modal when hest estimats
values for structhimral propsrties wers used and the valus of 0.25 was used
for the coefficient of variation., These selections for structural proper-
Ties and their digpersion are typical and applied in the PSA studies of the
past /3/.

:

4  LATIN HYPERCUBE SAMPTING 4/

In this study the latin hypsroube samoling (FHS) technigue is used o
establish samples for the simulation runs of +the model. The random
variables to be sampled ave the control motion, the modal dampings and the
modal frequencies. IMS is a special type of Monte Carlo simlstion which
provides reascnably accurate results basad on a reducad muber of calou-
lations. In IHS each random variable is divided into n diffevent non-over-
lapping intervals (in this cass n=30) on the basis of equal prcbability.
For each rendom variable ons value 1s sslecied per interval by random
sampling within sach interval, The n latin hypercubs samples are then
civtalned by pairing of the valuss of +ths k¢ random variables. A 30 = k
matriz s thus formed where sach row containg specific values of each of
the k& ingut veriebles to ke ussd in each of the similation runs and each
oolum containg the 30 samples of each random variable. This sampling
schame ensures that each of the inort variables has all porcions of its
distribution presonted by the 1w values. The expected valus and variance
of the cutput of the similation rms are estimnated by simple statistics.

5 CAICULATED FLIOOR SPECTRA AT SELECTED DOINTS

=

The floor spectra were caloulated for the reactor building and for the
Trbine building. The reactor buildiry is a concrete structure whoreas the
turbine/comtrol buliding is a steel frared struchure. For both bulldings a
thres dimensional structural modsl was sor up. For reactor building vhe
spectra were determined for five different levels. As an exanple of the
reacvor bullding spectra the respgonsz spectrum for ths main operation floor
ard in horizontal direction is depicted in Figue 1. The darping ratio for
which the spectrum is generated is 2 %. For Tturbine/control building the
spectra were computed for five different floor levels, As an example, the
floor spectrum for ihe main operation level and in transversal, horizontal
direction is depicted in Figure 2. Also in this case, the damping ratic of
the scechrum is 2 %,

6 CONCLUSION

A typleal festure of the gensrabed spectra iz that they contain o or more
spectral peaks. This reflecks the propsrties of e thres dimengional
elemant models which contain eigenfreguencies in a very broad rangs. In
this snalysis &1l the elgenfreguencies e o 50 Hz were accouniad for in
the mode suparposition. Also this feabure ig pertially dus wo the propsr—
ties of ground vesponee Spectra which had the rengs of acceleration
anmplification wp oo 50 Hz.

The results of ths above described study will be used in siemic fragility
aralyels of eguipment in the plant and foom onz part of the seismic
PSa study which is cuvrently carried out for Lamnt
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Figure 2.



