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ABSTRRACT

Test results sponsored by the USNRC have shown that reinforced concrete
shear wall structures may exhibii reducad gtiffness and natural frequencies
from those calculated in the design process. BAn evaluation of the effects
of the reduced freguenciss on several existing selsmic PRAs iz being
performed in crder to determine the seismic rislk implicationg inherent in
these test results. Also, design-type deterministic ecalculations of plant
response will be wmade to asssss the potential impact of the freguency
raduction issue on the design of structures and on the floor spectra used in
the squipment gualification procass.

1  INTRODUCTION

Since 1983, the U.S. Nuclesar Regulatory Commission (NRC) OFffice of Nuclear
Regulatory Research has been sponsoring the Seismic Category I Structures
Program at the Los Alamos National Laboratory {(LANL). This program is
investigating the static and dynamic response of Category I reinforced
¢oncrete shear wall structures (exclusive of containments) subjected to
seismic loads beyvond their design basis (Endebrock, et al. 1985; Dove and
Bennett, 1986; Dove, ot al. 1987; Bennett, et al. 1987a, 1987% 1988;
Farrar, et al. 198%, 19%0a,). From early tssts, measured stiffnesces Waere
found to be ag low ag 25% of the computed valuse. Later tests, fFelt to be
more reliable, found measuvred stiffnesses in the range cof 75% to 100% of ithe
computed stiffness. In all tests, when the structures were subjected to
increasing shear stress levels, either static orx dynamic loads simulating
earthquakes, measured stiffnesses and frequencies further decreased.

bDifferences between calculated and meazsured stiffnesses and freguencies
represents a potentially important issue in the degign and safety of nuclear
power plants. Safety related equipment is located in structures which
typically have predicted fixed base natural fregquencies in the 5 Hz to 20 Hz
range. Most broad band strong motion earthguake time histories have the
majority of their energy in the 2 Hz to 8 Hz range. If the frequency
reduction wag as large as 50%, then these structures could have actual
frequencies in the 2 ¥z to 10 Iz range. Both the loads experiznced by the
structural members and in-structure floor acceleration spectra could be much
greater than considersd in the original design. Also, safety releted
eqguipment could experience greater ssismic loads due to a shift in the fleor
spsctra near the equipment natural frequency.

Iin 1988, the NRC funded Sandia Naticnal Laboratories to assess the
importance of this "freguency difference® issue. The program is assessing
the impact of decreased natural fregquencies on both the calculated geismic
rigk and the deterministice design calculations for several prototypical
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power plantes. This paper describes the program’s scope and curresnt statug.

£

2 B3COPE OF THE SZISMIC PRA EVALUATION

The general approach chosen to assess the potential impact of the "freguency
reduction® izsue on power plant rizk is as follows:
Step L: Choose existing seismic PRAs as basc cases.

Lz

Step 23 Re-compute structure response with reduced fized-bass natural
frequencies using best~estimate $3I czlcoulations.

Step 3@ Re-evaluzte capacity of structures with new median loads and
unpcertainty distributions.

Step 4: Re-gomputs rloor gpectra for critical componente (both median

and uncertainty distributicons).

Step 5@ Re-evaluate critical component fragilities
Step & Compute accident geguence probabilitics wif gtructure and
component fragilities and compare with ori R results,

Step 1. Three ezisting seismic PRAs were selected. T
Bottom, is a rock site Boiling Water Reactor {BWR)., T
Nuclear One Unit-l, is a rock site Pressurized Water Reac
third, Zion, is a soll sits PWR.

Step 2. Fixed e models used in the design of important structures are
coupled with best eb51mate soil models. Ten le@ histories matching the
original design spectra are selected and a complete dynamic analysis ig
performed. This includez variations in structure and soil properties,
in the reduced building natural fraguencies. The results are: ten valuesg
{each}) of story shears, slab accelerations and ten floor gpectra for each
flooxr. From these, medians and uncertainties of spectral acceleration at
zach floor level can be inferred.

8tep 3. The acceleration to failug
governing wallg are identified. Medi
must be included +o QCCMLQLG1V determi
acceleration at structural

Step 4. The floor spscira are recomputed for 1 ni
eritical components using the wodel and resuliz from Qtep 2. The spectral
acgeleration (8a) at a given freguency for a specified floor eleva ion can
be determined., When “Sa" is plotted at various safe shutdown eart hguake
{88E) levels or peak ground accelerations {PGA), an almost linear
repregentation can usually be fit to correlate the PGA with the apectral
accgleration. If a linear fit is not adeguate, = polynomial eguation can be
uged to relate "Sa" to PGA.

Step 5. The original seismic PRA fragility derivations will be used, but
modified to account for the new floor spectra {scep 4). If the bulldlng
natural freguency is reduced into the critical frequancy range for a
component the dynamic loading could be considerably increased. Similarly,
soms components may remain unchanged or experience even zmaller dynamic
loads.

Step 6. The dominant accident sequences zre re-svaluated using failure

frequenciee derived from the new fragility estimates {Steps 3 and 3.
Uncertainty distributions for each accident seguence and For the total core
damage freguency are generated. Comparisons of acecident seguencea
freguencies and core damage fregusncy (and their distributions) with the
original seismic PRA results will be made.

= 7

2 isg determined for ezch shear wall and
an loads and uncertainty distributions
ine the median and uncertainiy of

3 SCOPE QF THE DETERMINISTIC "DESICN CALCULATION" REVALUATICH

the strucitural freguancy reducticn on deterministic selismic
dealgn will be assessed using the following steps:

Step 1. Identify time histories, damping, and rules and paramsters used
in the design.
Step 2. Calculate floor slab accelerations, floor spectra znd net wall
loads with pe stiffness reduction (S3E level only).
ep 3. Repeat Step 2 with reduced zitiffnesses and compare resulis.
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¢ BRHALYTICAL MODEL

The amount of stiffness reduction to be vsed is based on LANL data and ths
results presented by Professor Meta Sozen {(University of Illinoig) to the
ASCE Working Group on Stiffness of Concrete Shear Wall Structures {Lopez,
1989). From all these results, the stiffness reduction model using an
initial reduction of 25% (75% of the origiral amalytical stiffness) was
chosen to be used until First cracking. After cracking, based on LANL data,
the stiffness was chosen to be 50% of the analytical stiffness. Cracking
usually occurred at a shear stress of abour 150 pzi. At higher stress
levels the sgtiffness continusd to decrease until major crushing of the
concrete occurred.

The stiffness reduction modsl is shown in Fig. 1. This model does
represent one computational complication. Since the amount of stiffness i
not constant with increasing shear stress levels, ocne must iterate until a
reduced stiffness produces a shear stress consistent with the model.
However, in the analvyses periormad thue far, convergence usually cccurs
after only a few iterations.

=
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Tigure 1. Stiffness Reduction Model With Experimental Test Data.
5 RESULTS ‘
5.1 Peach Bottom Atomic Power Starion

A re-evaluation of the original PRA was performed with a preliminary model
in which stiffness reduction was a function of PGA, for the critieal
concrete structures as reported in Bohn, 1989%. The stiffness reduction
medel shown in Fig. 1 was not used.

Peach Bottom is e rock site BWR, the seiemic PRA was part of the NRC
sponzored NUREG-1150 program {LDambright, 1290). The design basis ecarthguake
level isg 0.12g. The seismic hazard curves applied for the PRA were
developed by the NRC sponsored Eastern U.S. Seismic Hazard Charzcterization
Program by LLNL {Bernreuter, et =zl. 1989). 2 suite of 10 recorded
earthguake time histories {chosen to macch the site conditions) were uszed as
input for the anzlysis. Other than building response changes, the re-
evaluation of risk follows the original seismic PRA.

The five buildings re-evaluated using the reduced stiffness model weres
the Radwaste/Turbine Building, the Diesel Generator Building, Circulating
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Water Pump Houze (Crib House), Ewergency Cocling Tower Structure, and

Feactor Building. The Crib House =nd Emergency Cooling Towers showed the

most increase in floor responses. v gxample, tha Crib House showed a

substantial increase in the 5-10 Hs range for reduced s ness, as shown
= .i

i
Fig. 2. This ig ily the result of decreasing the natura frequency o
the structures ( pE & - 9 Hz rangs
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Figure 2. Peach Bottom Crib House Response Spectra for
Varicug Levels of Stiffness Reduction.

Wihen all the accident sequences were re—-evalua ktls,
responzes, the mean core damage frequency was Ffound to increase from 7.66E~-
4 fore, the inclusion of
- ’

=4
05 to 1.24B-04 per year, a 60% increase. There!
=] computed total core

reductions in sti
damage fregquency.
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In addition, an evaluation 1 structural dynawmic
caleulations with and without ne reductions waz made. In wany
cases, in-structure floor spectr i ficancly amplifie to the

gtiffness reduction, and spect
net wall lozds and moments wer
related gitructures.

leulated
Ty

5.2 BArkansas Nuclear One Unit 1 fANO~-1}

ANO-1 is a rock sits PWR. The baseman re
embedded in Penneylvania McAlester for asg
ghear wodulus and damping were include of
the scil only a single nominel zoil sh

The design basis carthguake level iz O e
USNRC sponscred Tagk Ackticn Plan (TAP) luated

heat removal Cams {Cramond, 2 8 prelim

ta ; &
Eysten selsmic PRA will be rs-eveluated using reducad
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criginal stiffness ls such that Ffurther reductions in stiffness reduces
their lower natural frequencies down into the arplified acceleration wegion
of the input ground motion.

The final evaluations will be made using the stiffness reductisn model
shown in Figure 1. Also, recent estimates of Lhe ground motion in the
Eastern U. Sg will be studied. These estimates typically show less ampl1L1ed
motion in the lower frequency (below 10 Hz) compared to wmoticon usaed in the
preliminary evaluation. The recent ground motion sstimates ave likely to
indicate a much smaller impact on the core damage freguency than that
obtained in the initial evaluation.
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