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INTRODUCTION

The Seismic Category | Structures Program is being carried cut at the Los Alamos
Mational Laboratory under sponsorship ot the U.S. Nuclear Regulatory Commissian
‘NRC), Office ot Nuclear Regulatory Research. n the ¢lass of structure being
investigated, the primary liateral load-resisting structu-al aelement is the rein-
+orced concrete shear wall. frevious results tvrom microconcrete models,
(Endebrock et al, 1985, Dove et al, 1987, and Bennett et al, 1987a), indicatad
that these structures responded to seismic excitations with initial trequencies
that were reduced by factnrs of 2?2 or more over those rvalculated hased or. an
uncracked cross-section strength-of materials approach. Furthermore, though

the structures themselves were shown to have sufficient reserve margins, the
squipment and piping are designed to response spectra that are based on nn-
cracked cross-sectional member properties, and these spectra may not be
inappropriate for actual building tesponses.

The current phase of the program is aimed at verification of these conclusions
using conventional conrrete structures to demonstrute that pravious micro-
concrete results can be ucaled to prototype structures. A new configuration of
4 she,r wall structure wes daesigned and tested to invertigate the analytical-
oxperimental diffetrences observed during the previous model testing. Shear
wall height-to -length agpect vatios were tn vary from 1 to 0.25, VYercentage
i*@al ratios ware to vary trom 0.25% to 0.6% by atrea, in both horlzontal and
vertical directions. The test structures are shown in Fig. 1. TRG 1 and 7?7
were constructed with microconceronte.  TRG )V, Y, oand 6 ware condtructed
with conpventional (19 mm apgregate) concreto.

STATIC TESTING

Tha atatic temtings ot TRG 1, /7, and Vure dincusged in Bannett ot al, 19RIh,
and 1981, respectively. These teaty were monotonic {n nature and were aAimed at
measuring the inltial ntiffness of the atructures without infeoducing signlti
cant damage to the ntructure. TRG 4, 4, and o, were testoad in A quawintatic,
cyelic manner. A typical legt metup in dhown o Fig. 2 and a typleal loand
tequence ig ARhown In Fipg. ) fotr the TRG 4 atracture. Inat rument at ion was pro
vidad to meaaute total deformation, shear deformat ton, bending deformation,
tormional motlon, and ntenin in the vebhar,

DYNAMIC TESTING
Fxperimant al modal analyaet wore pertormed n oall the TRC at tucturaen hatot'n

dher static or dynamic toaty n thia context, oxnarimental modal analyrin
rofert 1o the methode whoreby o meaunred exeittation (random, oine, o impact
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Fig. 1. The TRG structures.

torce) |5 applied to a structure and its response (acceleration, velocity, dis-
rlacement, eote) is measured at a discrete number ot locatlons that are repre-
sentative ot the structure's motion. Both the excitation and the response time
histories are transtorned into the frequency domain so that modal parametern
(frequenciesn, modes, damping) can be determined by curve titting the measured
frequency domain data to u lLaplace domain tepresentation of the equations of

motion. These experimental modal analysis techniques, which have rarely been
applied to large reinforced concrete structures, ure dascribed by Fwins, 1985,
and Farracr, 19A88. Fig. 4 rcnows the TRG-4 atructure resting on nir bearingse to

simulete trea.boundery conditlons with the shaker anttached.

TRG 1 and !\ ware nubjected to prepeated mimulated seismic bawe oxcitations on n

thake tahle From theds seirsmic teste, the dynamic propertinn of the shear
walla could be determined from the meanured acceleration respordes and degrada
tion ot thene propertieas with excitatlon level wag monitored The naiamic

wignul that wam used in all the tenting wus 4 time uceled version ot the north
south component of the 1940 Kl Centro earthquake.

NISCUSSION OF RESULTS
Stlatdc Monovtonisc Testing ot TRG-1 end _}
During thoe low atrane level monotonic, statle tamta on TRG 1 and ', both atrue

dtructuren sxhibited atifinasren that were /0% HO% of the valuas that a dtrangth
of materiales analysin uding measured material propertics, herein veferved to ns

"haeoretical atittnens, would predict When the diftrnrencen in the atpuctutre'n
motuluan ot eiaat feity wore accounted tor, wealability of the atiflnensy trom Ve
micraconerste model CTRKG 1) to the conventjonal conerante st ructure (TRG V) wue

et gt mdd
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Fig. 2. Static test setup for TRG-4.
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Fig. V. Static load history for TRG 4.

Static Cyclic Testing of TRG-A, -5, and -6

Natore crocking, all three structures exhibited atiffnauwa values that ware in
rood agreement with theory. The individual components ot «tiffnesws (shear and
handing) were alro shown to arreu with theory No degradation in niiffneas
wan ohaerved an TRG 6 whean it wan tubjected to repeated load cy-les halow itu

reacking ntrength.

AC' ¢ cracking, the atiffnent wam found ta he a tunction ot lond level, pant
joad himtory, and the amount ol vreintoceament . Firat crvackine lowdn wetre
tlightly loga than these pradictad ny ACT Committes 149, 1987, and the ultimate
strength of the wa.ls oxceondeu the valuenr given tn ACT Committes 149 1903,
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Fig. 4. Fxperimental modal analysis testing of TRG-4.

During cycles that exhibited linear resapongo, hysteretic enorgy losses were
measured and equivalent viascous damping ratios were determined from these
anergy losses. These ratios were in gnod agreement with the values reportad
by Stevenson. 1980, the United States Nuclear Reguiatory Commission, 1973, and
Shiga et al, 1973, Lut were lecs than the ratios measured during simulated
seigmic testink on the shake table.

Experimenta) Modal Anamlysis Results

The experimental modal analyses pave nxcellent results (rmsonant trequen-zies,
mode shapes) when compared with finit» eiement modal analyses. Modal damping
ratics were zignifican*ly lase than thos» determined from the hysteretic energy
lowges or (rom frequency Ureponse tunctions measured during simulated seismic
testing. This nifference demonstrates the stress- level dependence of damping

in reinforced concrete structured, as hay been previously noted by Stevenson,
1980.

Again, scalability was demonstrated hetween the 1.4 .wrple, microconcrate TRG |
model and the conventional coneretsa TRG }V and % prototypes in terme of
vegonant trequencies end mode nhapen.

Simulsted Seismic Test Remults

huring the simulated seismic touting, veannant !requepcios mogruced on both
TRG 1T and TRG )\ wars aigniticantly helow thenretical values.  Thisz suggentn



that the actual stiffnesses were well below those that industry would currently
use in the design process. Damping was measured at /% to 10% of critical
Juring these tests. As the amplitude of the seismic excitation was increased,
the funuamental frequency decreased snd the mogal damping ratio increased.
Scalability of the seismic response was difficult to establish because an
accurate reproduction of tha input signal was diffi.ult to obtain during the
testing of TRG-3 because of the structure's size.

SUMMARY

The TRG structures have generated many experimental data concerning the struc-
tural properties of the shear walls. Both the experimental modal analysis re-
sults and the static testing results showed good agreement with theory. During
the quasistatic testing, TRG-4, -5, and -6 tracked theory almost exactly, up to
the first cracking load, and the individual components of stiffness were also
shown to agree almost exactly with theory. Although TRG-1 and TRG-3 did not
show similar quality results during the static teats, the stiffness values were
within reason and errors were probably caused by difficulties in constructing
sound, thin-walled, reinforced concrete structuras or by difficulties in
handling.

The difference in effective stresa levels at which the reduced stiffness occurs
is still a matter of concern. Previous results on microconcrete models showed
*hat the reductions in stiffness occur at similar stress levels in both static
and seismic testing. TRG-3 (a seismic test) showed a 75% stiffness reduction
during a 0.73-g peak acceleration earthquake signal. This excitation level
corresponds to an equivalent static load of 144 kN producing a maximum tensile
stress of 630 kPa, which is well balow the levels required to produce cracking.
However, TRG-S5, a quasistatic test, had good analytical-experiment agreement.
There appears to be a significant difference between the stiffness propartjes
of thase structures identified during static and modal testing and the stiff-
ness properties identified during seismic testing.

Possible causes for the reductions in stiffness are currently being investi-
gated: (1) Were the structures damaged bafora the seismic testing eithar by
handling, or, in the case of smaller structures, shrinkage cracks? (2) Are
there dynamic effects that cause tha discrepancies? (3} Have the boundary
conditions been properly accounted fcr in all tests and analyses? Basad on
the analytical studies of TRG-3, base connection effects can be discounted as
a cauce of the apparent reduced stiffness. Based on the outcome of the TRG-3
seismic testing, the reduced stiffness cannot be attributed to microconcrete
atfects.

The seismic testing results have contirmed previous findings ri:lated to the

equivalent viscous damping. That is, the equivalent viscous dimping appears

to he 7% - 10% of critical during typical seismic excitations. ODamping ratios
evaluated from hysteretic onergy losses showed slightly smaller values.

In summary. the most likely cause of the reduced stiffness that has been mes-
aured in thic program is concrete cracklng. Thu sgource of this cracking has
probahly been (in our tests) a combinatlon of several causes that include
hand1ing and transportation loadings, aging (curing}, shrinkage, and vther time
effects, and the conmtruction imperfections and material varisbility that exist
in all fabricated structures. However, it is felt that the same cracking
effects exist in real nuclear plant structures hecause of many of the sams
resagony (handling 4and trunsportation loadings can be replaced by “differential
sottlenent” in actual plant structures). Theretore., the current method of
treating these structures uding an unctncked croas section tor determining the
structural element parametars and vesulling {loor response apactra ahould be
ve examined and more realistic puidelines should be eatahlished to cover the

aaty : . . '



effects. Investigators at Los Alamos are working with professional society
committess in this re-examination.

Scalability of the structural response of microconcrete models to conventional
concreta prototype was damonstrated during static testing end experimental
modal analyses. Additional tests would be necessary to demonstrate this
scalability during seismic excitations. Also, additional tests of carefully
handled structures should be performed to verify that undamaged structures will
behave dynamically, as theory would predict.

The NRC is sponsoring a complementary research program to assess the effects of
reduced structural stiffness on plant seismic design (building accelerations
and digplacements, and floor response spectra) and seismic risk. From this
regearch, the NRC will be able to evaluate safety concerns associated with the
reduced stiffness in concrete shear walls.
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