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of the National
Earthquake Engineering
Experimental Facility Study



REVml OF PHASE I OF '!HE

NATIaiAL F.ARlKlJN(E 00INEDm«j

An improvement of experimental facilities for

earthquake en;ineering (sud\ lUI cx:nrb:ucticzl ot a large

shake table or reactiat wall or upJradi.n; of exl.ting

facilities) is urgently needed. Most exist.in) faciliti_

are ootdated and/or inadequate. other natiaw an B7/ing

rapidly to replace the united states as a world lMder in

un::ierstarIdin earthquake~.

Prior studies have in:iicated the need for nIIW and

upgraded earthquake experimental te.tinq facilities.

~ facilities will greatly t.nefit the natiat by

iJrprovirg human safety and by miniJllizing the disruptiat

am loss of systeras critical to the naUat's defense,

eoonany, and social services ;.11 the 8V8I1t of a major

earthquake. Such facilities will also deoI8trats a

renewed CXIIIIlitment to protecting the p,lblic interest. For

these reasons, a broad feasibility study must be

undertaken to provide an essential basis on which

decisialS can be made reqardinq ocnstruetiCl'l of a NatiCl'lal

Earthquake En;J.ineering Experimental Facility (NEEEF) or

alternatives.

1
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Ihase I of the projected fO'Jr'-'flhase NEEEF stu:iy has

been oc:IIpleted. Based a1 the results, it is new clear to

the panel that the Natiooal aJreau of st.ard'lrds I current

a.wroacn, which focuses a1 a particular facility, cannot

be oart:inued be::2use of the broader issues am needs that

llUSt first be OCI'lSidered in sud'l a feasibility stWy. A

!lOre broadly based participation of expert. resean:hers,

practitioners, and users 1IIUSt occur to effectively

establish all the critical earthql.lake experimental

testinJ needs of the oountry.
The panel concludes that the National Research

Council's Committee on Earthquake Ergineerirq shwld

estal:>lish a panel to deYelq> a redirectec1 approach for

such a feasibility study am to reccmnen:l heM such a

stu.::1y can be acx:::arplished. Whatever the costs are for a

NEEEF, these must be balanced against costs of

alternative means of obta~ eartl"quake ergineerirq

test data, such as construction of multiple new

facilities ar¥Vor upgrading of existi.rq facilities.



In spring 1986 the Natiooal. Rosearc::h ceun:il (NRC),

through the Committee on Earthquake Engineering,

established an advisory panel upon request of the

National Bureau of Standards (NBS) an;i the Federal

Emergency Management 1qercy (FEW\) to review am advise

CX'l aw.e I of a projectedf~ Natial&1 !'art!q.Jake

Engineering Elcpe.r:1mental Facility (NEEEF) study bein;J

ocn:lucted by the Natial&1 8JnIllu of stan:tazdII. n. NEZEP'

stu:Iy was initiated in respawe to a~ to F!K\ by

Dr. George Keyworth, then science advisor to the

President. Its f:inar¥:ial support an;i ooordinati~ came

prin:ipally fran FEMA, with additial&1 finan::ial BURXlrt

fran the Naticmal SCience Fcuniatioo (NSF). '!he U.S.

Geolcqic:al survey has also been ooc:.pmltin:.l in the stuiy.

In his 15 Febru.:ny 1985 letter to the Director of

F'EMA, Dr. Keyworth expressed the national oc::ncems abcut

minimizing damage and loss of life frcm future _jor

eart1'lqu.ak8s am identified a key ~tiCX'l frc:a a

1984 NR: report on needs and prioriti_ for~

3
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erqineerirq facilities am instrumentatioo (Ref. 1). The

1984 NRC report stated that there is an uruent need for

experimental/test facilities that can subject full- or

nearly full-scale structures to siJDJ.lated earthquake

forces (see Figure 1), from damage initiation to

collapse. Informatioo obtained fran tests usin:} these

facilities will result in the most rapid iIIprovement in

design am calStnlct.ioo of seismic-resistant st.roctures.

A large shake table awears to be the first choice:

however, alternative a~roaches should be evaluated.

'Iherefore, the federal govenlIIIe!lt was urged to urrlertake,

on an accelerated basis, a feasibility sttrly to detennine

the need for a major national earthquake erqineering

testiNl facility. 'Ihe prilnary objective of the federal

study was to c::btain the data needed to CCI'lpare the oost

effectiveness of a large shake table with alternative

methods of obtaining the needed full- or nearly

full-scale experilllental data. Dr. Keyworth further noted

that the stu:ty will c:hannel ec:t'gIessic:nal desires to do

sanethirq in the event of the next :najor U.S. earthqUake.

'!he federal plan for the study, reflectirq l1Idgetary

constraints, has four~ taking aboo.t one year each.

R1ase I is to identify critical data needs on full-scale

structural behavior, develc.p a l'l111tiyear program of

experimentation and testing I and determine the

characteristics of the facility needed. Subsequent

phases will include a preliminary design ard ClOSt

estimate of a large shake table (R'lase II), an:! an

evaluation of its cost effectiveness o:::mpared with

alternative data saJrOes (A1aSe III). The stu::ly will
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FIGURE 1 This acce1eroqru was recorded above th8
causative fault at the center of errarqy rel..... durinq
the 1971 JlBr)nitude 6.5 san Fernando~. 'Ihia
very irtt8n&e <JrOUn:1 IIhaki.rq was xeoorded. on the side of •
steep hill. More than $1 billion in ess.ge (1987
dollars) was caused by this intermediate-sized
eart141Bka•
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oonclude with specificatial of siting, cperatiooal, am
management requi.reIllents for tile facility or facilities

selected (Rlase IV).

'n1e NBS has CC1'l\'leted~ I of the stu::ly (let. 2).

It asked several protessia"lal engineering !inns, in their

respective areas of practice, to cIet.emi.ne the needs of

potential users of such a facility, to establish critical

data needs for performance of full-scale or nearly

full-scale structures, systeIl& , ard ClCltfJClIelIts, ard to

develop a preliminary experimental prograJII on the

behavior of full-scale strl.1ctures using a large

experllnental facility. 'Ihe firms' rt!p:)rts were presented

at a workshop, anj workshop participants develcped a

research ani testin:l ageroa in priority order. 'Ihe Rlase

I report sU1ll1I\arizes the workslv:lp an;! ircludes &all!

backgrc~.u:l CI"\ larqe-scale testing facilities an:! test

prcqrams in the United States arrl worldwide.

'1lle RIase I rt!p:)rt i.dentifie:3 sale critical nee:is for

a large scale shake table facility, but the panel

CCI"ISlders that other critical nee:is, sucJl as those in

in::lustrial process facilities, low-rise buildi.rqs, etc.,

remain to be identified. Furthermore, the panel feels

that the NBS's current awroach ca.Y'\l"ICIt be continued

because of the bI"Oelder issues ani needs tilat DUSt first

be considered. A llIJre broadly based participation by

expert researchers, practitioners, ani users DUSt 0Q0.lr

to effectively establish all the critical earthquake

experiJllental testin;J needs of the ooontry, their relatiWI
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•ilIportance, am hew best to satisfy theD. '!he NIC

cxmm1ttee m Eart:h£plke Erqineerirq IIho1ld establish a

panel to develop a redirected a~ tor such a

feasibility stOOy am to rECcilIDBu:1 hew sud'l a stu:ty can

be aooc:IIpl ished.

The penel urges that this redirected feasibility stu:ty

be un:iertAk.en as quickly as possible to reevaluate am

revise the current foor-phase awroach, to establish in

detail the benefits am CXlSts of a Nm:F, to develql

alternative options, am to set priorities for natia'lal

aetien. 1he panel feels that earthquake experimental

test facH i ties needed to suwort the Natiallll Eart:h£plke

Hazard Reduction Program well into the twenty-first

century can be effectively established only by

uroertak.irq such a stu:ly.

*The 1984 NRC report ~. in ackiitim to a

lazqe shake table facility, that alternative experimental

facilities be evaluated.



As stated in tIw 1984 IR:: nport, "'lhe United states

will, without question, experience devastating

earthquakes in ita tuture. . As 1IIlmY as 70 millic:n

Americans in 39 states face the thrMt of damllg1n;J

earthquakes. • •• ~ible lou of life fran a s1.rgle

event cx:uld go as high 88 23,000 peq:>le. . • • '!he

possible eccn::aic ooet traI a single~ cn1ld r'Md\

$150 billion." Thus, it is iJlp:lrtant that currwtt

expp..riJDental capability be reas..eed to deteIm1ne heW

these types of l~ can be effectively mitigated in the

future.

D.1ring the past three decades, a OCI'lSiderable researd1

effort has been devoted to iJlpraving the design of

st.ruct:urM, BYBt-, am 0CIIPlI8lta to ~ist earthquake

forces and to dIN8l.opilq 181~ that can pnIWII'1t

damage and collapae durilq a _jar earthquake. To

IIl.JRXlrt that r-.arct1 effort, a I'UlIIJer of shaKe table ard

reactic:n wall tMting tacilitt. haw ~ built in tIw

united states to ocnduct .m t.ta. 1tJw8Yer, ti-.

facilities have liAited capability, am 8I'lY are in

drastic need of upgradirq'. 'lhe dllterioratlal of tIw

8
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natiat's testing capability during the past dec:::ade has

already been dcaJmented (Fiefs. 3-5). '!his weakness in

experimental facilities has seria.lS iq:llicatiCl'lS for

human safety ani for mi.niJnizing the disrupticn and loss

of systems critical to the natia1's defense, ElCXrlCIlIY, and

social ser.rioes in the event of a major eart.hquake. For

exanple, a report issued by FDfA in 1980 for the Natia'llll

Security Council (Ref. 6) projected that a large

earthquake on the San Andreas fault in southern

california oc:W.d kill up to 14,000 people ard seriously

injure an ack:litiatal 55,000. A repetiticn of the 1906

san Fran:::isoo eart1'qJake CXlU1d be equally de..astatin].

'lbe panel has identified a rnmtJer of issues that CDlld

be addressed through research at a NEEEF or its

alternatives. Of highest priority is the respcnse of

older existing buildings to earthquakes and the

rehabilitation or retrofit of such structures to minimize

loss of life. Of all exist~ structures, brick/masonry

buildings JIIay be the lII:lSt vulnerable to damage am
collapse in a major earthquake. Many masonry b..Uldi.rqs

in use today were oonst.n1cted before seismic design

prov"isioos were instituted. Masonry roildi.n:Js are still

beirq oonstroc:ted in lII:lSt parts of the united States

withoot seismic oonsideratialS. Mascmy is used a1JlaIt

exclusively~ the 15,000 school districts that

ho..Ise the united States' 40 million ki.rdergarten thrc:u]h

high school students (Ref. 7). In the MellIphia,

Tennessee, area, it is estimated that the J'1lIIIt:ler of

deaths~ school children will exceed 1,100 if a major
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earthquake occurred during a school day (Ref. 8).

Ulrge-scale testirq facilities can be used to establish

the thresholds of damage an:1 oollapse an:1 to stujy

retrofit measures of vulnerable mascnry stroctures that

will satisfy architectural and furx:ticnal requireDents

and protect oocupant.s at miniJIum cost.

'!he infrastructure of the united states-its bri~.

pipelines. electric power, i.rdust.ry, banki..rq, and social

services--is critical to the nation's economy and

welfare. The risk to such facilities is widely

recognized in the western united states; ho..oever. the

illportance of the risk in the easteIn United States is

now also beginnirg to be recognized. Iocreasin:lly,

equipment such as computers and lasers supporting

industrial, financial, am defense networks IlUSt be

prctected frail~.

A major related issue is the ability to estimate

dlunllge losses. By identifyirg the potential losses in a

major earthquake, estimates of the potential risks can be

made. Today, data for such studies are obtains:i

pr imar ily from studies of damage after major

earthquakes. To ilIprove damage loss estimation, data CI'l

the response of structures, fran minor cracking to

oollapse, Jll.ISt be available withoot waitirg for future

earthquakes to provide it.

Although the United states' defense syst.ens are

heavily depe."'rlent CI'l the c:nmtry's infrastructure, the

military am its related in:iustri3S are also a major

factor deter1llinirg the natiCl'l's ec:alC'IIlic and political
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stat.US. Many defense installations are located in highly

seiS!'ll.ic areas of the united states and the world. others

are in areas of relatively low seismicity, t:ut where

major earthquakes--thoee of magnitOOe 6.0 am higher-can

occur (Ref. 9). A large-scale testin:J facility can be

used to evaluate the seismic respc:llSe of ocnventicnal as

well as nuclear weaponry systems in military

installations. AbaJt 50 percent of the united States'

missile and space vehicle business, 75 percent of its

domestic microchip industry, 40 percent of its

semioon::tuctor business, and 20 percent of its optical

instrument business is based in a highly seismic region

in california (Ref. 10). The Department of Defense (000)

Earthquake Preparedness FQlicy (Ref. 10) states, "It is

the policy of the united States to develcp systEm; am

plans to reduce loss of life, destzuction of property,

ecancmic instabilities, am the adverse in'pact on our

national defense capability that would result fI"Clll a

catast.rop1ic earthquake. " The 1984 NRC report made a

similar cilservation,

A large-scale testi.ng facility would also provide

immense opportunity for the education of future

~ineers, both in practice an::l in research.



Since the 1960. the United states' engineers and

scientists have been considered the world's leadin)

experts on earthcplka prcb1_. Earthquake-resistant

facilities have been constructed by U.s.

archi.tect:ural/erqinBerin:j finas in many _imic regions

of the world, and U.s. CD'lSUltants have advised on

seismic Mzards am ~resistant design for many
intematI-anal projects. .., dlMurtAtin:j earthlpaJc88

have ~, it has beBn U.s. erq.i.nBers and sci.-ttista
~ were invited to help daIIIage and to det:ermi.M

1Iohat CDJ1d be done to ~ loss of life in ruture

events. ExmIpl88 include earthlpaJc88 in 'l\1rkey (1970,

1971, and 1976), Nicaragua (1972), Romania (1977),

Algeria (1980), Italy (1980), Greece (1981), au1e

(1985), Mexico (1985), and E1 salvador (1986).

The United states i ••till a world leader in

erqineerin:} analysis as a result of the devel<:pl*lt of

sottware and the availability of 0CIIplter8. EUt tocJay'.

U. s. testin:} c:apabiliti_ are rot adequate to verity

analytical sottware. f\1rt.herDm'e, experiJB1tal~

in U.s. institutions 18 rot JaMpin:} pace with that of

12
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other natialS, whim in many cases are i..nvestirq in

laboratories 'aj p.JrChasirq adIrarce:i equi.~ frem u.s.
SUWliers. Foreign arehi.tectural/en:;ineer~ firms are

rapidly improving their catpetitiveness 'at xreans of

expaJrled ~inental research.

'Ille United States has oo1y a few shake tables that may

provide sane of the critical data. HcMeIrer, these tables

are limited in size an:1 capability an:1 cannot be used to

test full-scale or nearly full-scale stIu::tures, syst.eaB,

and~. For exanple, the l~ U.S. table, at

tN! university of ca~.ifornia, Berkeley, has an area of

abo..1t 37 square~. In cart:rast, the two -:.argest

tables in the world have areas of 225 squarE: meters

(Japan) ani 900 square meters (USSR). '* other tables

exist in the United states, t1.lt many are ~ted or

inadequate, need upgnilding, or are too small. Since

1980, only cne table has been CCI'lStnIcted in the united

States, ani there are ro plans for others. In ClClI'1trMt,

the Japanese have l:JUilt 14 tables in the 19805. other

cn.mtries, iIl:;lu:lin;J Germany, China, the USSR, Rc:Illania,

Italy, France, Y\.q:)slavia, and Greece, have substantially

increased their test~ capabilities since the 19708.

Severa1 u. S. industries and government agencies have

entered into agreements for conducting research at

foreign laboratories that haVe better facilities than

tJ'laie availalJle in the united States.

'* Results generated by these facilities are not, in

general, available to u.s. researchers an:1 practitiooe.rs.



14

The COIIUIIission of Eurc:pwl Cx::IImJni.ties has al:mst

carpleted a sb.dy similar to that bein;J advocated by this

panel. Although the results of the~ stOOy have

not been made p..Iblic ard no decisia'lS have been made to

design ani oanstruct a large regiooal testin;J facility,

sang points may be roted regardi.n;J its general fi.rxli.n;Js:

(1) Experimental verificatioo of c. ItpIter nw:x3els is

necessary, particularly inelastic cyclic behavior. (2)

Small-scale experimental test facilities have significant

limitatia'lS (Ref. 11).

In a glOOal aoonany, it is iJtp)rtant that the United

states be able to market goods ard services to regialS of

the wrld that experieroe earthquakes. Over 40 camtries

of the wr1d have experierald major earthquakes between

1900 and 1979 (Ref. 12). If U.S. iIdustries are to

effectively market abroad, they must dem::lnstrate a

capability of providin] seismic-resistant equiprent. An

unders~ of earthquake }ilenaDena arr:i hew stru....-tures,

systems, and CXIlpOI'lE!J'1t respa1d to earthquake forces is

invaluable. '!his ~lies not a'Ily to power equ1pnent. but

to many other types of equipDel'1t marketed overseas. 'n1e

United States III.ISt also demcrlstrate superior erqi.neerin:.J

design arr:i CXlI'IStructioo expertise in seismic regia'lS of

the wr1d to effectively market sud1 services abroed.



capital oost for a NEEE:F will greatly depni on the

breadth of testing equipment provided. Testing

facilities ecpi.valent to ti¥J88 in Tadatsu (Fi~ 2) am
Tsukuba (Fi~ 3) in Japan oa..1ld cost ~tely $500

million, with an anraJal q:lentinJ oost of aroord 5

peroent of the total oost. \otlatever the ccst.s are for a

NEEEF, th-.se must ~ ~ balanced against costs of

alternative llBlUlS of ci:1tai.ni..n;~ engineering

test data, suc.:h as the oonstruction of m.1l.tiple new

facilities an:3/or upgrad.i.llg of existin:] facilities.

15
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FIWRE 2 'lbis facility in Tadota1, Japan,~ a l5-Jl
by 1511 table that can provide strcn} earthIplJce ahald.ng
to a l,ooo-tal test lIp8CimBn. In addition to t:b8 8halaa
table ....ith its actuating lIl8ChAnia, this facility
contains elaborate control equip81t, data-recordin:1
equilB8"t, and caaputen. Ancillary facllitie8 are
ha.lsed in adjacent~.



17

t'1~"("I.''''
TU"eoV(- f.

FIGURE 3 The Building Research Institute in Tsukuba,
Japan, has a 25-m-high reaction wall test facility.
Tests have been carried rot on a full-scale seven-story
reinforced ~te roildinJ, constructed next to the
large reinforced concrete reaction wall. Hydraulic jacks
at each floor of the roildinJ produced forces by reactirg
against the wall. 'l11e forces exerted by the jacks
produced earthquake-like deformations in the roild~, as
controlle:i by a CCIl'plter. The magnitude of the resultirg
forces am deformations IoIere transmittEd hack to the
CCIl'plter for analysis. The entire facility is hoosed in
a large roildinJ. Related laboratories are hoosed in
adjacent roildings.
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APPE"OI K A: ADVISORY
PANrL LEttER RE~ORT NO.1

NATIONAL RESEARCH COU~CIL

COMMISSIO~ 0" l~,GIi';EERJ"G.....0 TECHl'ICAl S)STEMS

,2021 H&-))12

16 July 1986

Dr. E. V. Leyeno.cker
(,rtnquake Engineering Group,

Structures DiYis10~

Center for Build1ng Technology. MEL
!Ut1OMI BurNu of Sancllrds
Wlshlngton, DC 20234

De,r Dr. Leyen~ker:

Re: Letter Report No. 1 "Reyle- of the National BurNU of Sttncllrds Work
Pl,n on I National ElrthQU!ke Engineering txptrl-entil flCl1lt¥
(iltEEfI StudY'

follow1ng our review of tile NatiONl ~rNU of Sttncllrds (IllS) work pl.n for
ttle subject stud)' .nd based on your oyen1e- presentttion of Mlrch 5. I. In
Wlshlngton, D.C., the Wltlonal Ppse.r~h Council's Ca..lttee on E.rthquak.
Engineering AdYlso..y P.n.l to tnt IIEiEF Stucly (Atac'-nt n. has • IlIIIbtr of
gener.l Ind specific r-ec_nclltlons 15 Iddressed 1n tile following pt".gr.phs.

Tile panel consl de..s that lIBS hi s doN I good job 1n preptrl"g I gener.l
purpose plan to .ccc.pl Ish tile objecthu set up I n tile 28 Febru.ry 1985
lette.. troll OSTI' to FE"". 111 ttl respect to spec HI c ..ec~<IIt1 ons, It 15 ttle
Pinel's opinion tllat tile subcontr.ct Ipproach identified in Pllase I. TISk II
~ill not p..oYlde tile In-depth. dealled••nd thorougtl e•••lnation tIIIt 11
needed. It ~s tile conHflSUS of tile PInel lHIIbe..s tllat such In .pp..oech _1 d
only rePHt. or _rly rePHt. effo..ts tllat llawe been reported preYlously by
Ylrlous lndlYldu.ls .nd groups ••s noted In "ttlc~nt II. Therefore it Is
rec_ncIed that NlS should take In .lternate appr-oach to ~ont...ctlng
tasks. TIlls would reQUire defining specific objecth.s to be .ddressed in
dete".inlng the res..rch needs for expen-ental f.cllities In tIlelr respective
..... s of Interest. Tllese would lncl"de. but not be li.ited to. bIll1d1"9
technology (all bulldl"9s. MSonry bulldlngs. pre-code buildl"9s. etc. I.
electric po.er (nucl .... po.er pl.nts. coal-fired pl.nts. electrical
distribution systals. Itc.l. lifelines lplpelines. b..idges.
telec_nlcatlons. tr.nsportation sysu.s. etc. I. petro-c...lc.1 .nd c...lc.l
lndust..ies (oil reflnerl.s. toxic c~lc.' pl.nts. off-sllore 011 Ind gas
wlls. Itc.l. lQUi .....t (_tors. gener.tors. control centers. CCIIIPUter
centers. Itc.l. cIIlas (....tIIen. conc...te. etc. I••nd tu.-h .nd other
underground structures. Only by being specific In ldentlfyl"9 the tasks will
lI8S be .ble to obtai n tile proper 1n-depth .nes_ts.

As In e"lIPle of tile .boye Ipproach. subcontr.cts could be let to ten
cmaptnles (priy.te .nd publicI/utilities (e.g •• Bechtel. DuPont. Exxon. etc. I.
consult!ng engineer offices. unlYersltles, Ind even Inte~.gency Ig~ts

"''''''''1 a--ct C~/ .. ..,...-tl..,. .........~ ,,"',. "" 1.4,....,,, \o~I• ..w ....~,,~_ r........
,.."'"'"a-"'~.u .......,......



wlth other govprnment agpnC1e~, pa:~ hav,ng specific interest and experience
In o.w or 1\\0'1' of tM aoo,e f,pl~s. lach org«nilation could be a.arded a
$10,000 - $15,OOU (or'raet to ~ddress the research/experiM@ntll needs in their
specHh arN or area; (,1 ,ntere,t. Th~se subcontracts should be directed by
HB,. The Panel ft'.. 1~ that th~re art three buir IdvanUiges to this approach:
III ,ts SUCCI'" does not depend on volunteer effort, (2) the
research/e.per,mpntd1 need, 01 today and the future will be defined by those
who are ~ork,nq 1n ano dpcpnding on adYanc~nts in the various fields Ind (3)
by acceptinq the~p lont'a(t' such organizations .ill be more c~ltted to
achieving ~'hlgher Qua"ty prGdu(t. ThUS, it is the Panel's opillion that this
apP"04lh~ d''''Pl t~d dnc If,ur,1to't->t; dDpropnately. will result in II Much brOlcWr
and more cOlOpletf a,sessmt'nt, conta1ning mor( hct and less opinion, of the
"rea'" research '«penmenta' need, In earthQuake engineerIng tOday and in the
futurt'.

Follow,ng the SUhcontractor" draft preparation of their U1sk reports, the
Pant'l strongly recOfllllen1s nat the concerned volunteer groups such as the
EarthQuake rnqlneer,nq Re'earch ;n~titute. ~erican Society of Civil
[ng,neer" Structura1'rnqlnper, As,oc'ation of Ca11fornla and others, as
~entioned in the ~lan. rpvlpw and comment on thest' documents and haY. a
de~;gnat.,~ r"p,'.,pnUtiv., to t~e planned fOllow-up workShOps.

A, you ~eard dur,ng the dl,cu,sions among tht' Pinel ~ers foliowlng your
presentation. a number of gene_al reconnendations and conclusions kere also
llI<ldt' IS SUlll1\l'l led be low

'hat t~e no"i~'11ty nf e,t~nding the sc~edu1e for P~lse I be
c"n,id.rpC, Jt ... s felt that this study. especially Pilau I, is
extr...... I) 'mportar,t to the future di~ection of eirthQuake research
~nd expP'lmental tpsUng ana it provides a unlQUe oppo~tunlty to ..ke
great ~t"dp~ in ass"H,nq this direction and 1t should be app~oached

.1t~ rlil'g~nle dnd care.

That t~e NBS. f [MA. ~'SGS ana NSf approach other gove.-_nt agellCles
and ,na",V'fS tor future funding du~1ng these ti-.s of restricted
bUdget. The PallP] fpel, that the [)epar~nt of Defense lias IlHds In
thl' arpa that are equal to or greater than the cu~,~nt fyndlng
I~ene,e,. The Flp, tric Pow"r ~esearch Institute was fC:ellt1fled IS
one lmportant pri,at" organiZltion having needs In tills a'et.

That the stUdy should include In in-depth review alld s~,y of the
exist'nq docu~ents of previous studies as ..ntloned above, sa-e of
"hieh art' ,nc1uded ,n Attach...."t 11.

That tht' stUdy Should lim more at the broader perspective of
address, ng th.. rt's ..arc h/pxp.. r1 ....nta 1 hen I ty nHds. It shoul d
'nclude alternat,ve, between a centralized versus deCelltrallzed
approach and altprnatives in testing methods. e.g. s-all.r shat.
U1bles, r ..actlon walls, etc, The Pallel was cautiouS about focusing
exeluslvely on the feaSIbility of olle llrge test flcility. Fro- I
t..chn,cal/scient,fic pOlnt of view the Panel ~ecogniZes th. benefits
from hlv,n9 a llrgt' ~ha~l1lg table as stated by the ~d Hoc Ca.-Itti'.
on EarthQuake [nginepring Fac']ltles and InstrUMentation in its



A.:.deftly r"port of 1964. How"w"r frOlll thl' pr.ctic.l, polittc.l, .nd
"conOMle points-of-vi .... incluoing questions related to the
intern.tion.l .. rket pl.ce, the P.nel feels that. n.rrOlll foCuS on
the l.rge shaking table f.cility would b~ detriIOental to thl' progr•••

Th.t thl' study should t.ke on .n internation.l .ppro.ch, including .n
.ssesSlient of I'x~rhllEntal fact 11 ties .oroed, futu .... plans of oth.. r
count .. ies, .nd opportuniti"s fo .. th1s count..y to bl'cOMl' • world
le.d"" .nd major particip.nt In sell'ctl'd "xpl'ri.l'nt.l c.p.bl1ltll's.
It should ISS"H thl' uisting IJnltfd Stat.. s/fo""lgn rl'latlonshlps.
".g., th" Nucl ... r R"gul.to..y Ca..ission's coop..r.tiw....fforts with
benneny. Taiw.n, .nd J.pan. Also, th.. panel fe"ls th.t the
Int.. rnatlon.l ....ket .spect may becDlOe much .0"1' i.po..t.nt .s w"
.pp"oach the 21st c..ntury. the ti~ when l ...g" "xperi ...ntal
f.cilities 1II1ght be canpleted.

That Ph.s" III of the pl.n is IS i.port.nt .s Ph.se II or lII'y bl' "v..n
.ore illlpo..tant. It is rec~nded th.t PhIS" III, if possible, be
conducted concur....ntly with Ph.s.. J I. In .ny ew"nt, thl' p.Ml
reC_MS th.t such deciSion be noade i_d1ltel, .t th.. COMpletion
of Ph.s" I study. when the .... s... rch .nd us..r n~ds .r.....11
1dent1fi ..d.

Th.t SOllM! fo,," of prio ..ity orde.. lng of the rese...ch/upe.. l ....ntal
f.cility n"l'ds be established .0 dl"ect futu ..e potentl.1 funding in •
cost-effectlw" ..nne...

The p.nel f"els that If th...bowe "ec~nded modiftc.tlons to the el.n ,"e
.dopted the ....sulttng 10ng-t"MI benefits to res... rchers, the engln..e ..lng
prof"ssion. th.. public, tndustry, .nd gOYf'r~nt wll1 be g..eatly enh.nced.
Th" P.nel looks fo.... rd to its continued cooper.tion In th1s Il()st flllportant
end....~r.

cc: N8b....s of ttl. Adwl so..y P.nel NHEF
beO"9@ W. Housne"
A..t 2el zel. FENA
W.lter ~ys, USGS
Ugo Ma....11 f, Foo
J....s Costello. NRC
A. J. Egg..nberger, NSF
Wll11l111 Anderson. NSF

51 ncerely,

! <' &"'~-J(/;..Jf c, ,

J.tIlES E, Beave..s /
Cha 1.... n, Advhory P.nel NEEEF
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