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OVERVIEW AND �ONS 

'!he :ftlrx3amental objective of the National Earthquake 
Hazard Reduction program is to develop economically an:i 
socially acceptable ITethods for mi.nimi.zi.rg damage caused 
by earthquakes. I njw:y, loss of life, an:i loss of 
property m:>St CCI'I1l1Dll.y are caused by the failure of 
man-made structures or facilities due to stron;J groui'rl 
shakin;J. 

'!he design of safe an:i econaidcal ergineeri.rg struc
tures requires an U1'rlerst.arrli of the nature of earth
quake groui'rl IOO'tion an:i the response of the structures to 
i t. An adequate 1li'Xierstan:ii can only be attained by 
instrument measurement of the },ilysical processes 
involved; that is, by actually measuri.rg the tootion of 
the groui'rl an:i base of the structure as 'Well as the 
vibratory response of the stru.cture duri.rg an earthquake. 

SUch stron;r-tootion instruments play a o;ucial role in 
providi.rg data for earthquake hazard mitigation. 

Previoosly recorded st.ron;J-IOO'tion data have greatly 
enhance:i know' ledge about the fault rupture process, the 
transmission of seismic wave energy fran source to site, 
an:i the dynamics of structures, although the data base is 
far fran c::arprehensive. '!here is a need not only for 
mre data but also for mre sqilisticated types of data 
an:i analysis. Also, to be useful, the infonnation nrust 
be made avail able in a timely manner to the many ergi
neers an:i scientists who require it for design, analysis, 
an:i research. Data management an:i distribution are 
becoming increasi.rgly inpJrtant as the number of 
stron;r-tootion instruments an:i organizations that deploy 
them keeps growi.rg. 'Ihe totality of those involved in 
obtaini.rg stron;r-tootion records, processi.rg, archivi.rg, 
disseminati.rg, an:i usi.rg st.ron;J-mtion data is called, 

1 
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2 

for p.n:poses of this report, the U. s .  St.roDJ-Motion 
Program . 

To acx:uunLXlate the increasi.n:] ani ch.an:Ji.n::J needs in 
stron;J-IOOtion instrumentation, which include the acquisi
tion, processi.rq, archivi.n:] , ani dissemination of the 
data, ani in view of ch.an:Ji.n::J research needs, the Panel 
on St.roDJ-Motion Instrumentation makes the followi.n:] six 
recarnmerrlations. 

1. The conunittee on Earthquake Engineering and the 
Conuni ttee on SeiSIT'Olcgy of the National Research Council 
should establish a continuing Joint SUbcommittee on the 
u.s. strom-Motion Pra:!ram· This subcommittee would 
develop ani submit a general plan for the U.S. Strong
Motion Program, submit periodic (annual or biannual) up
dates of the plan, ani sul:lnit a yearly report on the pro
gram ' s  status . Before lll'rlertaking this activity, the 
subccmnittee should organize a workshop or conference for 
users ani beneficiaries of stron;-notion data. '!he pro
ceedi.rgs of such a meeti.n:] cccl.d be used to help develop 
the initial plan, which would provide reoc:mneOOations for 
tasks to be un:iertaken durin:] a five-year period. '!he 
plan should be develq>ed in consultation with ani partic
ipation by relevant p..tblic ani private agencies ani 
organizations. It should include at least the followi.n:] 
elements: 

• Guidelines for integration ani coordination of fed
eral, state, university, ani private u . s .  strong-IOOtion 
activities, 

• Guidelines for archivi.n:] ani disseminati.n:] data, 
• Recc:lnrneDjations for data processi.n::J ani data fonnat 

stan:iards, 
• stron;-IOOtion research needs ani priorities, 
• strategy for awlication of research results, 
• F'l.lrxii.n; needs ani priorities, 
• Instrument developnent ani perfonnance guidelines, 

ani 
• Instrument deployment strategy . 

2 .  A strong-notion data center, or centers, should be 
established. '!he center (s) should compile a catalog of 
stron;-IOOtion data parameters (1933 to the present) , p..tb
lish annual updates of the st.roDJ-lOOtion catalog, prc:mpt
ly disseminate raw ani processed data upon request, ar
chive st.roDJ-IOOtion data in a st:arrlard fonnat, ani in
include data fran U. S .  government sponsored stron;-IOOtion 
data acquisition projects in foreign oountries as well as 
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3 

in the united States. '!his may require exparxiirg the 
stron;J-m;,tion operations of the National Gec:Plysical Data 
Center (NGDC) arxi/or establishin;J other data centers . 
One of the first projects of the joint SUbcc:amni.ttee on 
the U.S . Stron;J-Motion Program should be to review the 
needs for a strong-m;,tion data center, or centers , am to 
make specific :rect:llllneniations on the establishment, oper
ation, am guidance of the center (s) . A possible role 
:rocx:iel is the u.s. Geological SW:Vey ' s  facility in Golden, 
COlorado, which expeditiously provides copies of analog 
am digital observatory seisroogral;il data at low costs to 
all 'Who request them. 

3 .  'Ihe Science Directorate of the National Science 
FOI.ll'Xlation should consider the fun:ii.n:J of research pro
r::g;als in seiSlOOlogy that would enhance the capability of 
strorn-qrourrl m;,tion estimation. '!his activity should be 
coordinated with the strong-m;,tion activities of the En
gineering Directorate of the National Science Foun:Jation 
am the u.s. Geological sw:vey. 'Ihe Engineering Direc
torate of the National Science FOI.ll'Xlation should continue 
its strong interest in the developnent am support of 
strong-m;,tion instrument arrays am networks for engi
neering p..u:poses . Close cooperation should be encouraged 
between stron;-m;,tion seiSlOOlogists am earthquake engi-
neers . 

4 .  An external strorp-m;,tion research program should 
be established as part of the Erx:Jineerinq SeiSlOOlogy ele
ment of the u.s. Geological SW:Vey. by seek.inq new fun:l
ing as required by strorp-m;,tion research needs. '!his 
activity should be coordinated with the earthquake engi
neering program in the Engineering Directorate of the 
National Science FOI.ll'Xlation am with the geophysics pro
gram in the Science Directorate of the National Science 
FOl.li'rlation. 

5. Steps should be taken for the effective exchange 
of significant international strorp-motion data. Record
ings of stron; groum shaking am b..rllding responses are 
often made in foreign countries . '!here is at present no 
organized method of making such records available to in
terested persons in the united States, nor is there an 
organized method of making U. S .  data available to re
searchers in foreign seismic countries . An effective 
interchan;Je of strong-m;,tion data would be nutually bene
ficial . Possible models or organizations for doing this 
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are NOAA ' s  world GeoP'lysical Data center A in Boulder, 
COlorado , or an element of the U. s .  Geological SUrvey . 

6 .  Finally, the panel en:iorses the proposal for an 
Intemational Decade of Hazard Reduction CIIERl • 'Ihe 
panel recx:mnems that one enpmsis of the decade be the 
developnent of a coordinated intetnational stron;J-notion 
activity with unified i.nstrumentation starX!ards, deploy
ment strategies, data processing ,  archiving , ani dissem
ination. 'Ihe panel rec:cmnends that an international 
repository be established urxier IIER to carry out these 
activities . 

In inplementin;J the above rec:cmnendstions, highest 
priority should be given to the first rec:cmnendstion. 
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1 

INTROilJCriON 

Safegu.ardin;J life am property from the destructive 
effects of earthquakes is a problem of national scope . 
Although same regions of the United States have rela
tively low seismicity, damagi.rq earthquakes have histori
cally occurred t:hroughout the countey .  Four very strong 
earthquakes were recorded in the midwest am eastern 
portions of the camtry--the New Madrid earthquakes of 
1811 am 1812 am the <llarleston earthquake of 1886 
(Figures 1 am 2) . 

'!he u. s .  population am the production of goods am 
sezvices continue to become rrore concentrated geograprl
cally 1 am thiS increases the potential for catastrc:priC 
loss associated with a si.rqle large earthquake . It has 
been estimated that a credible earthquake in same regions 
of the countey could result in the loss of tens of thou
sarrls of lives am cost rrore than $100 billion in proper
ty damage am loss of i.mustrial output am productivity 
(Federal Emergency Management Aqency , 1980) . SUch an 
occurrence would clearly have a major national inpact , 
regardless of whether it occurs in the western, central, 
or eastern United States . Exalrples of such an event are 
the September 19 , 1985 Mexico earthquake (MB . 1) , which 
caused same 10 , ooo deaths am many billions of dollars of 
property loss, am the 1976 Tangshan ,  China earthquake 
(M7. 8 )  , which caused several hl.U'Xired thousam deaths am 

greater property losses than the Mexico event. 
'!he ultimate goal of an earthquake hazard mitigation 

program is to devise am inplement socially am econami
oally acceptable strategies for minimizi.rq the loss of 
life am property resul ti.ng from earthquakes. To design 
safe am economical structures am facilities in earth
quake-prone regions, it is necessary to urxierstarrl both 
the nature of the grol.lOO rrotion that these systems may 

5 
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WEEKENDING 
FIGURE 1 A total of 120 shocks were reported as felt in 
I..a.ti.sville, Kentucky, approxlltlately 200 miles fran the 
epicenters of the 1811-1812 earthquakes near New Madrid, 
Missouri. Very � earthquakes occurred on December 
16, Januazy 23, arx:l Febnuu:y 7 .  Felt at I..a.ti.sville were 
7 viol ent shocks, 9 severe shocks, 36 I!OOerate shocks, 
arx:l 68 faint shocks. 'Ihese earthquakes occurred before 
seisuoogra.P'ls were used arx:l before a significant ];Xlpll
lation existed, but there is no doubt that at l east two 
shocks were of very large magnitude. source: FUller 
(1966) . 
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7 

FIGURE 2 :Ehotograpl of buildirg col
lapse in Charleston, sooth carolina. 
'!his destructive earthquake occurred 
August 31,  1886 ani caused considerable 
damage. Its estimated magnitude was 
7 .  7 .  Salroe: r:utton (1890) . 
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experience ani the nature of their responses to the nD
tions. Klch can be learned by CX1Ip1ter ani mathemati
cal lOOdel.in;J of fault-mechanisms , wave p:opagation, 
structural response , soil-structure interaction, ani 
other factors , but a CC��plete ani reliable un:ierstanii.n;J 
of the� involved can only be obtained fran di
rect measurement of the processes . '!his requires mea
surement of �field st:rorJ;J grouni ItDtion ani mea
surement of the response of structures durin;J actual 
earthquakes . 

DEVEID:EMENI' OF �� ACI'IVITIES 
IN '!HE UNITED STA'I'ES 

'!he first :reco:t"dirq of s"trorq grouni acceleration any
where in the "tNOrld was obtained durinq the earthquake of 
March 10 , 1933 in I.on;J Beach, califomia. In the 1920s 
John R. Freeman, oonsultinq en;Jineer, ani R. R. Martel , 
professor of structural. en;Jineerinq at the califomia 
Institute of Technology, realized that acx:urate :record
inqs of st:rorJ;J grouni shakinq -were needed to \ll'lderstani 
the forces exerted on buildinqs durinq an earthquake ani, 
also, the measurements of the accelerations of buildinq 
responses -were needed to develop rational methods of 
seismic design. It was recognized by Kiyogi SUyehiro ,  
professor of en;Jineerin;J at Tokyo University, ani by 
Freeman ani Martel that the design of the sensitive 
WOOd-Amerson seisnrJgrai:h pointed the way to the design 
of a practical s"trorq-mction accelerograPl . '!he WOOd
Amerson seis1oogra.P1 was developed in the early 1920s ani 
it had a small torsion perxiul.um sensor, magnetic danpin;J , 
ani optical :reco:t"dirq on a rotatinq drum (Amerson ani 
WOOd, 1925) . In the latter 1920s Freeman launched a suc
cessful canpaign to have accelerograpm built ani in
stalled in the westem United states. 

Freeman , an eminent en;Jineer, convinced the then 
secretary of canmerc:e R. P. I..analt ani President Hertlert 
Hoover, both en;Jineers , abalt the need for accelero
grapm .  secretary I.aloont approved the accelerograPl 
project to be carried out by the U. s .  Coast ani Geodetic 
SUrvey in early 1931.  Freeman rec:x:mneOOed several appro
priate instrument characteristics, includinq a rotatinq 
drum for optical :reco:t"dirq with a paper speed of about 1 
Qo/sec ani a torsion perxiul.um with a natural frequency of 
10 hertz . '!he instruments -were custan made to the design 
of the Department of canmerc:e in 1932 , ani the first 
three -were installed in three cities in southern califor-
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nia in July 1932 : IDn;J Beach, Vernon , ani Los An;)eles. 
'lhey were sanet.ilnes called ''Montana accelerographs. "  On 
March 10 , 1933 the IDn;J Beach earthquake , havirg a magni
tude of 6 .  2 ,  was recorded by all three instnnnents . 
'lhese reco:rdin;Js had a profoun:l influence on en;:rineerin;J 
thinkin;J ani on earthquake-resistant design in the United 
States ani worldwide (Housner, 1983 ) . 

'n1e stron;J-notion acx:::elerogra:r;:h network was begun in 
1932 ani was operated by the Seisroological Field SW:vey 
of the U. s .  Coast ani Geodetic SW:vey. Installation of 
accelerographs began in July 1932 ani continued at a slow 
pace over the years . 'n1e selection of sites for install
in;J the accelerographs was done on the advice of a ccm
mittee of en;:rineers. By 1964 the network of S'tron3'
notion accelerographs had expamed to 71 stations ani 
extemed to regions in the western United states aztside 
of california. CciTp.Iter analysis of the accelerogt:ams 
ani the calculation of response spectra were first car
ried out in the Ergineerirg Deparbnent of the california 
Institute of Technology (Alford et al . ,  1951) . 

In the late 1960s the SeiSIOC>logical Field SUrvey was 
merged into the National OCeanic ani A�ic Admin
istration ani operated there until the early 1970s . 
rurirg the years of the SeiSIOC>logical Field SUrvey, same 
very valuable accelerogt:ams were recorded durirg the 
followirg earthquakes : IDn;J Beach, california , 1933; E1 
Centro , california, 1934; Helena, Montana , 1935 (Figure 
3 ) ;  E1 centro, california , 1940; seattle, Wash..i.Jl;ton , 
1949; Tehachapi, california , 1952; Olympia, wa.shin;Jton, 
1965; ani san Fernarxio, california, 1971.  

On Februaey 14 , 1965 the City of Los An;)eles, at the 
urgin;J of en;:rineers, passed an ordinance requirin;J three 
S'tron3'-J00tion accelerographs to be installed in all 
buildirgs nore than 10 stories high. By then, accelero
graphs were ocmnercially available. When the san Fernan
do earthquake occurred on Februaey 9 ,  1971,  accelero
graphs in nore than 50 buildirgs recorded stron;J sh.aki.rl;J 
of groum ani buildirgs (M.lrphy, 1973) • 

'n1e stron;J-notion data provided by this earthquake 
were many tilnes greater than all the stron;J-JOOtion data 
recorded in the world prior to 1971 . Gathered were data 
on the seismic excitations ani dynamic notions of build
in:Js of many different heights, shapes , ani materials of 
construction. 'lhese had a large impact on en;:rineerin;J 
analysis ani design as well as buildin;J codes . 

'n1e first ocmnercially available accelerogra:r;:h in the 
United States was the AR-240 ,  which was marketed in 1963 , 
followed by the RFT-250 , ani then in 1970 by the SMA-1 . 
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FIGURE 3 North-south �t of acceleration recorded 
durirq the 1935 Helena, Montana earthquake (M6 . 0) . '!he 
duration of stror'g shakirg was 2. 5 seoon::ls, as canpared 
to the 4 .  5 secon::ls of stror'g shakirg durirq the Westm:>r
lan::l, california earthquake (Figure 7) . '!he frequency 
characteristics of the notions also differed. '!he char
acteristics of strorg grourrl notions are affected by the 
nature of the SOl1I'Ce mechanism, the properties of the 
earth's crust through which the seismic waves travel , an::l 
the local geology at the recordirq site (Figure 8) . 
(Fran the california Institute of Technology) 
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Many federal , state, am local govemment agencies p.Jr
chased am installed aooelez:ogiaPls to monitor gmm:t 
shaJd.n1 am structural response durin; earthquakes . 
Various c:mporations am organizations, such as p.lblic 
utilities, water departments , am irxiustrial concerns, 
also obtained aooel� for special ergineerin; 
needs . 

In addition to ergineerinq information, the grourxi-
11VXion records obtained durin; the 1971 San Fernando 
earthquake also oont:ained infoima.tion of value to seis
mologists studyin; fault mechanism am wave propagation 
characteristics. COnsequently, in the 1970s aooelero
� were installed near earthquake faults with the · 

objective of obtaining more infonnation for seisroologi
cal research . Since then, a rrumber of seisloological 
research progzams invol vin; stron;J-m:Jtion instruments 
have been �' am at present the u. s .  Geological 
SUrvey (USGS) is planninq a stron;-m:Jtion array near the 
San Arxkeas Fault near Parkfield, California as part of a 
seisloological research progrmn on the source mec::hanism of 
stron;J earthquakes . 

In the early 1970s , the seismological Field SUrvey ac
tivities were transferred to the USGS, :but fun:iinq was 
provided by the National Science Foun:lation (NSF) • '!he 
govenunent decided that the USGS should be responsible 
for seismological pJ:ogiams am the NSF should be respon
sible for earthquake ergineerin; programs . '!bus, NSF was 
responsible for the stron;J-m:Jtion aooelercgrcq:h program 
:but since NSF was not an operatin; agency the decision 
was made to attach the seismological Field SUrvey to USGS 
for operatin; pJZpJSes . In the early 1980s , fun:iinq in 
the amount of $1 . 2  million per year was transferred at 
agency level fran NSF to USGS to provide cantirnti.n;J 
support for i.nstrumental. maintenance am data di ssemin
ation, with the � that the stron;J-motion 
aooelerogral,il program wall.d continue to setve the pro
fessional objectives of the ergineerinq ocmmmity. 

STR:HHDl'ION ACI'IVITIES 

A rrumber of special seminars am workshc:ps have been 
held for the pw:pose of definin; the needs of am settinq 
goals for stron;J-m:Jtion earthquake measurement activity. 
In May 1978 , an Intel:na.tional workshop on StJ:'tn1-M:>tion 
Instrument Arrays was held in Hawaii (Iwa.n , 1978) . '!he 
goal of this workshop was to develop a plan for the in
ternational deployment of dense stron;-m:Jtion earthquake 
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instrument arrays. '!his workshop led to the installation 
of st:ron;J"""l!XXi.on arrays and networks in Japan , arl.na , 
Taiwan, India, and other seismic regions, sane with the 
support of U. S .  federal aqencies. However, the workshop 
had relatively little :inpact on the deployment of insttu
ments in the united states. 

In April 1980 ,  a workshop was held in san Francisco to 
review st:ron;J"""l!XXi.on instrument programs , to doC'unent 
procedures for prccessin:J and intetpretin;J data fran 
these programs , and to identify ways to illprove data ac
quisition, analysis ,  and inteJ:pretation techniques for 
use in the design of erqi.neerin:J structures (Hart et al . , 
1980) . Also in 1980 , the Panel on National , Regional, 
and I..ocal Se� Networks drafted a report as the 
first attempt by the se�loqical ccmnunity to ration
alize and optimize the distribution of se� sta
tions across the united States (Panel on National , Re
gional , and I..ocal Seismgraph Networks, 1980) • '!he panel 
recamnended to i.ncozporate strorq-mtion sensors in a 
national network and to maintain a national ovetView of 
the distribution and operation of st:ron;J"""l!XXi.on sej smo
graphs in the United States. 

In 1981 ,  a u. s .  National WOrkshop on Strorq-M:>tion 
Earthquake Instrumentation was convened in santa Bamara, 
California. '!he objectives of this workshop wre to re
view strorq-mtion instrumentation programs in the United 
states; to develop a unified strategy for the deployment 
of st:ron;J-m:Jtion instruments, both in the free-field and 
in l:W.ldin;Js; and to fonnulate a plan for coordinatin:J 
strorq-m:Jtion programs , the on;Jein:l installation and 
operation of instruments , and the management of st:ron;
m:Jtion data (Iwan, 1981) • 

'!he santa Bamara workshop dealt with many of the 
technical and management issues facin:J the U. s . st:ron;J
m:Jtion instrumentation activity. '!his workshop provided 
the sti.nulus for formi.rq the present Panel on Strorq
Motion Instrumentation. '!he panel r:eport presented here
in parallels the workshop prooeedirgs in certain re
spects , but goes beyond the recc��I!Del'IUltions of the 
workshop in both extent and specificity. 

'!he Santa Bamara workshop specifically addressed the 
need for an ovetView of the various S't:rcn;J-mtion activi
ties in the United states : 

Fach of the organizations maintainin:J st:ra'q
m:Jtion instruments has its a.m particular in
terest in earthquake hazards , and the instruments 
which they deploy are located to provide infor:ma-
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ticm :relatin:] to these interests . '!he effective
ness of these individual progzams c:x:W.d be sub
stantially inproved t.hralgh greater oooperaticm 
and ooordinaticm between the various concerned 
groups . '!his includes users as wl.l as organiza
tioos involved in data aoquisiticm. Users of 
st.ron;J""'11Dtion data should becane better acquain
ted with OI'J30in1' strcn;J-motion progzams and the 
availability of data. Conversely, the managers 
of st.ron;J-mtion progzams sh.ould beoane better 
acquainted with the needs of the data user . 

At present there are many different organi
zatioos en;aqed in the installation and main
tenance of st.ron;J-mticm instrumentation, and in 
data processin;J and dissemination of infonna
tion. A number of these organizations have had 
lorg experience in the field, are wl.l-organized, 
and wl.l-funied and for various administrative 
reasons l«W.d fim it impracticable to tum over 
their basic responsibilities in the subject to 
arr:1 central aqerr:y . 'lherefore, the idea of 
establishin;J one central group of arr:1 type as the 
headquarters for a U. S .  Natiooal. stron;J-H::Jtion 
Program l«W.d nat be a practical approach. 

At the same time, it l«W.d be a definite advan
tage if the individual strcn;J-Dd:ion programs in 
the United states c:x:W.d be viewed as part of a 
National stron;J-H::Jtion Progl::am and the individual 
efforts more effectively coordinated . 

'!he panel aqrees with this statement and, for pUipOSes 
of the present panel report, the totality of stron;J
tootion activities in the United states is called the u . s .  
stron;J-H::Jtion Pl:ogram. '!his name is in recognition of 
the fact that there is a CCllllalal.ity of interest and 
purpose an1:n1 those involved in st:ra"q-mtion activities 
which bears on p.Jblic safety and wl.fare. '!he name does 
nat ilrply arr:1 fonnal administrative structure b.lt, rath
er, ilrplies that an objective overview of the various 
activities can be of nutual benefit to the individual 
st.roJg-mtion programs and to the oountJ:y as a whole. 
'!he name is used in this report in the same sense that it 
was used in the workshq:) report. 
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EARIH;JJAI<E EH;INEERING BEm:FI'lS OF '!HE 
U. S .  �� PROGRAM 

Before the recordi.n; of st:raD:] earthquake grami nD
ticms there was no :reliable kl'lcMledge of the nature and 
intensity of earthquake � . '!he earthquake-resis
tant design of l:W.ld:il'gs was based em a simplified con
cept of "equivalent static force ," which did not provide 
a uniform factor of safety for different structures and 
in many cases did not provide adequate protectiem. 

� the  first st:rar¥]-motiem records were obtained, it 
was neoessaey to :rethink earthquake erqineerin;J design. 
As data a!"nmnl ated and were analyzed, l:W.lcii.n; cxx1es 
were DXXiified, seismic zcmin;J maps were redrawn, and in
novative dynamic analyses and designs were made for im
portant structures . '!his led to the inpraved perfonnance 
of l:W.ldin:Js durin;J earthquakes and to greater p.Jblic 
safety. '!he benefits of the st:rar¥]--m::1ticm progz:am have 
been especially :i.nportant for projects :requirin:J an ex
ceptionally high degree of safety, such as nuclear power 
plants, offshore oil drillin;J platforms , and major dams . 

Since the locaticm and ti.mirg of earthquakes cannot be 
specified in advance, it is not always possible to have 
stron;J-motiem instruments in positiem to reconi destruc
tive mtions of grami and structures . 'lhe:refo:re, the 
a!"nmnlatiem of data has not been as rapid as desired. 
In recent years , sane valuable records of very st:raD:] 
grami � and the :resultant vibraticms of l:W.ldin:Js 
have been obtained . '1hese data have led to inprovements 
in l:W.ldin;J design and in earthquake resistance of 
manufacturin;J facilities and urban lifelines . 

In the united States, only l.ilnited data have been 
obtained durin;J large earthquakes of magnitude greater 
than 7 ,  and no S't:rol'rJ-llDtcm records have been obtained 
durin;J great earthquakes of magnitude 8 or larqer . (For 
large earthquakes it is cust:anaey to measure the magni
tude in terms of the stre1'J1th of the low-frequency wave 
radiatiem . '!he numerical value of such a magnitude will 
be greater for large earthquakes than a magnitude based 
em the � of the high-frequency wave radiatiem. 
'!he latter magnitude often is used to designate the size 
of minor to moderately larqe earthquakes. )  

Also, there has been only one instance where the 
mticms of a l:W.ldin;J were recorded while it was shaken 
to the point of severe structural damaqe .  Alt:ha.lgh 
numerous b.lild:il'gs collapsed durin;J the September 19 , 
1985 Mexico earthquake , no :reooids were obtained of 
b.lilcii.n; mtions . 
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'lhus, there is a need for aaiitianal. strcD]�on 
records, which presumably will be provided by fUture 
earthquakes , am there is a need for the infcmnation they 
contain to be readily available to potential users . It 
is well established tllat the iDprovements in earthquake 
resistance made possible by the aCC�mul ation of strorq
DJtion :records to date have redlJCed ca&IU!l ties am damage 
losses . 
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PRESENI' STA'IUS OF U . S .  sm::>NG-MJI'I� ACI'IVITIFS 

stron:J-not.ion programs in the united states have been 
instituted and presently are operated by federal, state, 
and local government agencies, universities, and in::ius
trial and nonp.lblic organizations. A mnnber of federal 
agencies, such as the U . S .  Anny Corps of En;Jineers, * the 
Bureau of Reclamation, and the Veterans Administration, 
retain the U . S .  Geological SW:vey (USGS) to install and 
maintain their st.ron;J-not.ion instruments and to process 
the data. other federal agencies, such as the Naval Fa
cilities En;Jineerirq Comrnarrl, install and maintain their 
instruments but have the USGS process the data. All of 
these instruments , together with those operated by the 
USGS UJ'X3er its own progzam, make up what USGS calls the 
u.s. Natiooal. St.ron;J-:Motion Network . still other federal 
agencies, such as the Nuclear Regulatory camnission and 
the natiooal. laboratories of the Department of Enel:gy, 
install and maintain tl)eir instruments and process the 
data produced by them or contract this work to other 
organizations. 

Primary centers for the distribution of st.ron;J-not.ion 
data in the united States are the USGS in Menlo Park, 
California; the National Geq:hysical Data center (NGOC) 
of the National oceanic and At:lTospleric Administration 
(NOAA) in Boulder, Colorado; the California Division of 
Mines and Geology in Sacramento; the University of 
Southern California in Los Arqeles; and the California 
Institute of Technology in Pasadena . (It is UJ'X3erstood 

*In the western United States the Corps' instruments are 
maintained by the U . s. Geological SW:vey and in the east 
by the Corps' waterways Experiment Station. 

16 

Copyright © National Academy of Sciences. All rights reserved.

Recommendations for the Strong-Motion Program in the United States
http://www.nap.edu/catalog.php?record_id=18884

http://www.nap.edu/catalog.php?record_id=18884


17 

that because of J::u::tgetary constraints , oonsideratiat is 
beirg given to closirg down the NGDC stror¥]�at data 
activities, am USGS is oonsiderirg the dissemina.tiat of 
its own stror¥]�on data if NGDC ceases this activity. )  

'!he califomia Divisiat of Mines am Geology operates 
a large �at program that involves the instal
latiat am maintenance of aocelerogJ:apw am the prooess
irg of data. '!he state of w� also has a strcDJ
llDtion progxam with a significant m.nnber of instruments . 
Sane electric power cxmpanies maintain networks of 
stror¥]�at instruments , sUch as Pacific Gas am Elec
tric carpmy am SCA1thern califomia Edison ccmpany . 
several universities have strcD]-motion neblorks that are 
maintained for research pnposes . A m.nnber of local 
qovernment agencies maintain instrument networks am a 
large m.nnber of l:W.l.dirgs have been insttumented by the 
owners acoo:rdirg to the requirements of the Uirl.fonn 
arll.dirg COde am the Los �es City arll.dirg COde . 

Sane imustrial oozporations have also installed 
instruments. 

'!he methods of prooessirg and ana.lyzirg stror¥]-JIDtion 
data were originally develcped at the Califomia Insti
tute of Technology, am processed aocelerograms were 
published in a series of "Stron;J�iat Data Reports ." 
'1hese methods are new enployed by such otganizations as 
the USGS and the california Divisiat of Mines am Geol
ogy. As new develcpnents in instruments are made am as 
.inproved methods of analysis are develcped, it can be 
expected that st.ron:J-DDtion data processirg will becc:lne 
nme efficient. 

U . S .  DATA .ACXV-[SITICfi 

As of 1985 nearly 3, ooo llDiem film-:recordin;J am 
digital st.ron:J-nDtion aooelercgraP'ls are estimated to 
have been deployed in the United states. 'lhese instru
ments have been installed in a variety of geographical 
locations; sane in the free-field, sane in b.lildirgs, and 
others on dams, power plants, bridges, storage tanks, 
manufacturirg facilities, and other structures . A 
sizable m.nnber, perhaps 40 percent of the total , are 
intended for special-p.n:pose use and their data generally 
are not available to the research CX'IlUIIUJ'lity .  Figures 4 
am 5 show the locations of aooelerographs inside am 
outside of California as of 1981. '1hese figures do not 
include instruments required by l:WJ.dirg codes 1 those in 
c::amnercial nuclear-:pc:7Nered electrical generatirg plants, 
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FIGURE 4 I<nown aoc:el� in the united states rut
side of california as of April 30, 1981. Exclmes cx:m
mercial nuclear-powered electrical generati.rq plants. 
(Fran seismic Erv;Jineerirq, u.s. Geological SW:vey) 

arxi sane others . Figure 6 shows the l ocations of 
epicenters of damagirq earthquakes in the united states 
thralgh 1971. 

stron]-'lrtian instruments are C7NI1ed arxi operated by a 
large number of different organizations arxi government 
agencies. A partial list of sponsors of major stron;
Irtian activities is given with descriptive data in the 
AWerxifx. ('!his list is an update of infonnatian cx:m
piled for the U.s.  National WOrkshq;> an stron]-Motion 
Earthquake Instrumentation. ) 

At the federal level , ovmers of the largest numbers of 
stron;-lrtian instruments* are the U. S.  Arfl¥ Co:rps of 
Erv;Jineers (350 instruments) arxi the USGS (275 instru-

*To date, 187 dams have been identified as havirq stron:J
lrtian instruments installed arxi in operation. About 680 
stron;J-lrtion instruments are installed at these loca
tions. Of these 187 dams, 112 are instJ:umented by the 
Co:rps arxi 24 are instrumented by the u.s. B.lreau of Re
clamation. About 40 percent of the dams are in califor
nia arxi 30 percent are east of the Mississiwi River. Of 
the 56 identified as large u.s. dams, only 19 are instru
mented (United states Ccmnittee on large Dams, 1985 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Recommendations for the Strong-Motion Program in the United States
http://www.nap.edu/catalog.php?record_id=18884

http://www.nap.edu/catalog.php?record_id=18884


., 

19 

. . 

/.,.. ... (/"'t:.; 
LOI �� AREA -�·· 

I 
111 -llleo �I 

10 ....... 
·-

. -·· 

. -

. ....... 

. -.. 

. .....__ 

MlXICC 

FIGURE 5 Known accelerogratilS in california as of April 
30'  1981 .  Excludes instruments required by l:W.ldi.n;J 
cxxles. (Fran Seismic Engineerin:;J, u.s. Geological S\nvey) 

Copyright © National Academy of Sciences. All rights reserved.

Recommendations for the Strong-Motion Program in the United States
http://www.nap.edu/catalog.php?record_id=18884

http://www.nap.edu/catalog.php?record_id=18884


" 

" 

..l.l!i.iMt 
• ,....._.,, t-tll 

,_,. ........ 1 
. ........ , tll-¥111 
e 1...-., tiJWI 
•• ......,.11-1 
........ ,,...u 

_ __... .. 

·-··, 

...... o..- ... -.......c..._._ 
---

FIGURE 6 U.S. earthquakes of Modified-Mercal.li Intensity (MMI) V - XII . Intensity VII 
shakin:J is stron;J encAJgh to damage sane weak structures; intensity VIII or greater corres
porrls to severe damage. 'Ihe MMI rnnnber is based on subjective estimation of degree of damage 
arrl, hence, is not a reliable measure of the g:t"CA.1D:i shakin:J. 'Ihe installation of stron;J
llkJtion acx::elerogra.J;ils is of such recent date that only a small percentage (1 to 2 peroent) of 
the events plotted in this diagram had g:t"CA.1D:i nx:rt:ion recorded by these instnnnents. A larger 
percentage were recorded by sensitive sei� that can record earthquakes at lorg 
distances. SCAlrce: Natiooal oceanic arrl AtJtosp1eric Administration (19 73 ) . 
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ments) followed by the Deparbnent of� (80 il'lstru
ments) , the BuJ:eau of Reclamaticm (70 instruments) , and 
the Veterans .Adm:inistraticm (65 instruments) • '!he loca
ticm and placement of instruments is qenerally detem:ined 
by the CW1'lirq agercy • s goals a1'1!i priorities. 

'!he USGS qxmltes a naticnU. �em network 
CXlnSistin;J of about 1,100 instruments C7tli1ed by various 
federal agencies and arganizaticms and deployed naticm
wide . 'Ibis network is a mjor element of present naticm
al �em activity. 'lhe USGS has prepared a draft 
plan for an enlarged �em instrument p:rogz:am 
(Spldich et al. ' 1985). 

'lhe u.s. Navy has a �em program that· is not 
part of the USGS network in the sense that it installs 
and maintains its own instruments , althoJgh. it makes use 
of the USGS data processiD) capabilities. In 1979, the 
Naval Facilities El'J1i.neerin:J Q:mDand (NA�) authorized 
the Naval Civil ErJ1ineeriDJ Iaboratmy (NCEL) to acquire 
and install acx:lelercgr81ils at naval i.nstallaticms subject 
to high seismic risk. 'lbese included massive and mrl.que 
st:ructw:es, such as graviD) ckydocks , cantilever plane 
hangers , and power plants, that were near the waterfront 
and located in :reiiDte reqicms ( e .q. , Guam) haviD) no 
available �-mctiem data. Presently, 7 acx:lelero
qrapw are located in washirgtal; 14 in califomia; 2 at 
<llarlestcm, south carolina ; 2 in Alaska; 3 in Guam; 2 in 
PUerto Rico; 2 in the :Ehll.i;pines ; and 3 in Italy. 

'lhe largest ncnfederal p:rogz:am is that of the state of 
califomia, and it is also the largest individual p:rogz:am 
in the United states . 'lhe califomia Stta�cm Pro
qram has about 500 instruments installed in the free 
field and in structures . It is supported by a fee em l'1eW' 
oanstructicm within the state and is managed by the 
califomia Divisicm of Mines and Geology, with general 
policy oversight provided by the Califomia state seismic 
Safety Qmni ssicm. 'lhe Califomia Stta�cm Prog%mn 
is one of the few inclusive programs ocveriD) instal.la
tiem, maintenarx:le, data prooessiDJ, and disseminaticm . 
'Ibis program, toqether with the USGS p:rogz:am, wcul.d be a 
key element in a future naticnU. st:raq-mctiem p:rogz:am. 

At the time of the san F'en1imjo earthquake of 1971, 
the city of los Argeles maintained one of the largest 
neblorks of st:raq-mcticm instruments . 'lbese il'lstru
ments, installed primrily in l'1eW' medium- to high-rise 
structures, were ma!'K2ted by law . Since 1982, the los 
Argeles program has been in::ol:porated into the califomia 
�em Pl:ogram. 

oriqinally the network was maintal.ned. by the seis-
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DDloqical Field survey (SFS) without bein;J funded . '1he 
records obtained duri.rq the 1971 earthquake ware pro
cessed and dissendnated by the SFS . When the SFS was 
merqed into the USGS the decision was made not to main
tain the ItlS �es city network, and for a fs years 
the Department of arll.di.rq and safety of the City of Los 
AJl3eles maintained the neblork. In 1982 ItlS AJl3eles 
joined the califomia state strcn;J-H:Jtiat Program and 
each existin::J b.rl.l.di.rq owner was directed to arrar¥Je for 
the maintenance of his instruments and an annual depcsi
tiat was required to certify that the instruments were in 
workin:J order. Sane 44 smaller cities usi.rq the unifonn 
arll.din;J · COde also require taller b.rl.l.di.n3& to be instru
mented, but Los An:]eles is the only city with a large 
number of instruments in place. '!he instruments lllal'dlted 
by cities thraJgh the b.rl.l.din;J cede represent a large, 
uncoordinated, and unplanned network. 

In addition to these strcn]�on activities, there 
are a number of other :inportant efforts urxJertaken by 
lmiversities, public utilities, state and local govem
ment agencies, and scme private cmporatiCI1S . Generally 
speakin;J, these instrumentation activities are directed 
toward specific research or decision-mald.rq objectives. 
A future national progzam lii.1St integrate these activities 
as well . 

It should be noted that although many of the strcn]
mtion instruments have been installed by cn:ganizaticn; 
with special purposes in mind the � may be of 
great value to :researdlers and designers . For exanple, 
the faJOOUS Pacoima Dam accelemgram was recorded by one 
of the instruments installed by the Los An:]eles Flood 
Control District; the much studied santa Felicia Dam re
oo:rds were recomeq by instruments that had been in
stalled by the united water consmva.tion District of 
Ventura camt:y . 'lhe records of the 1966 Parkfield 
earthquake , ldlich pnwided a significant advance in 
sei SII!Oloqical knc:lwledqe, came fran an instrument array 
that had been installed across the San Arm:eas fault by 
the Califomia Deparbnent of water Resalrces to pnwide 
infOJ:mation for the design of the Califomia water 
Project, ldlich bri.rqs water fran the Feather River in 
northern califomia to sart:hem Califomia. '1hese 
exanples show the inportanoe of ooordina.� all 
strorg-nDtion activities t:hralgh a natimal progzam. 

� for federal st:rorrJ""iid:ion activities is pro
vided thraJgh the l::Aldqets of the federal agencies in
volved . Sane of this furxli.n1, primarily that for ac
tivities of the NSF and USGS, falls umer the Earth-
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quake Hazards Reductim Act . However, the activities of 
many agencies such as the u . s .  'Arlrti COZ'ps of En;Jineers, 
Deparbnent of Energy, Bureau of Reclamatim, am Veterans 
Administratim do not caDe umer the act . u. s .  Geolog
ical SUrvey expeniitures for strorg"""J'KXim activity are 
prilllarily inha.Jse; the USGS supports vert little univer
sity or private stron;-matia'l research. 

'lhe major source of :fl.ln:iin;r for university research 
am other � activity in strorg"""J'KXim 
measurement is provided by the NSF umer the Earthquake 
Hazards Reductim Act . Within the NSF, ally the ED;Ji
neerirr:;J Directorate fl.1ms strorg"""J'KXim instrumentaticn 
research . 'lhe Earth Sciences Divisim does not support 
such research, am this has created tensicn between the 
�ineerirr:;J am seisi!Dlogical CXI1'pOil8l'1ts of strorg"""J'KXim 
research . More i.nportantly, as a consequence, sane sig
nificant research programs pzc:p:lSE!d by the university 
CX1l1111UJ'lity have not been S\.gX)rted . 

u.s .  t\\TA MAN1!G.EMENT 

Many organizaticms (i .e . , qovernment agencies, private 
am public utilities, mrl.versities, am a fs private 
orqanizatims) are involved in U. s .  strorg-IOOticn pro
qrams in vcu:yirr::J degzees . '!he NGDC, USGS ,  am california 
Division of Mines am Geology have umert:aken the task of 
manaqirr::J strorg-mticn data (i .e . , archivirr:;J, catalogirr::J, 
am disseminatirr::J the data) . '!he USGS maintains the 
Strorg-Mation InfOI'Dia.tim Retrieval System (SMIRS) , which 
can be easily aooessed by outside users (converse, 1978) • 

Data on causative earthquakes , strorg-Dd:icn stations, 
am available recorded aooel.erograms can be :retrieved 
usirr:;J any catpiter terminal am a 300-baud ncdem. 

While SMIRS does provide limited infOI'Dia.ticn to aid 
the user, it does not provide the strorg-liDtion records 
themselves or infOI'Dia.ticn :relative to these records, al
t.l'lc:11gh the system does indicate where these records may 
be ootained . SMIRS is qenerally limited to data fran the 
Western hemisphere, althoJgh. it contains sane infonnation 
en large-magnitude earthquakes elsewhere. 

'!he USGS archives the originals of its strorg-mtiori 
records am those fran other aqenc:ies it serves . Signifi
cant records are digitized am processed . 'lhese data are 
kept within the USGS am duplicate data are sent to the 
NGDC in Boulder for distribution to users; this procedure 
considerably delays data availability. '!he california 
Strorg-Mation Program also serxls copies of its processed 
data to NGOC. 
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'!he califomia Divisicm of Mines and Geology collects, 
processes, and archives its awn data and distribrt:es them 
upon request . It also has a data retrieval system simi
lar to SMIRS . '!be Division' s  data process� ,  archiv�, 
and retrieval systems were modeled on the USGS program. 

'!he University of Southem califomia maintains an ar
ray of 80 st:rorq-l!Dtion i.nstruments in metropolitan IDs 
Argel.es for research pnp::x;es (lee and Trifunac, 1982 ) . 
It also has a data retrieval system that can provide dig
itized data via telephone . 

Sane smaller programs , such as those at the califomia 
Institute of Technology, Southem califomia EdiSa'l, and 
Pacific Gas and Electric, also have data process� ,  ar
chiv�, and dissemination capabilities. However, these 
services are not well p.lblicized, the organizations in
volved have generally not made arrangements for sen:iin1 
the data to NGDC ,  and in certain instances the procedure 
to acquire data is not well knc.'Mn . 

'!he Envira1mental. Data Informaticm Services (EDIS) of 
NOAA operates both the NGDC and the WOrld Data Center. * 
� data, intensity data, and tsunami data files 
are maintained for "WOrldwide earthquakes . worldwide stan
dard network seismgraniS and st:rorq-l!Dtiat acxlel.erograms 
are archived and catalogued (Morris et al . , 1977) . '!be 
st:rorq-l!Dtion records are generally confined to u. s .  
earthquakes , and about 3 , 000 reco:rds are on file. 

'Ihe NGDC has about 1, 000 processed acxlel.erograms fran 
other camtries. '!he degree of process� varies fran 
digitized-uncorrected to c:x:upletely corrected aCXlel.ero
qrams us� methodologies originally developed at the 
califomia Institute of Technology (Trifunac and lee, 
1973) • However, sane of the processed st:rorq-l!Dticm 
acxlel.erogzam files are not c:x:uplete, especially those of 
other camtries .  Nearly all of the in;mtant u. s .  re
cords are with the NOOC, :but many processed reco:rds are 
still in the possessicm of imividual ol:ganizations. 

EDIS will supply aey of its processed aCXlel.erograms to 
users upon written request. A fee is required to cover 
hanfi� costs. NGDC has its stl:'orxJ-liDtion data cata
loged to the extent that users can identify the reco:rds 
they would like to receive. However, the catalog is not 
sufficiently c:x:uplete for research pnp::x;es . '!he � 
:mtiat data services provided by NGDC are valuable to 
earthquake en;Jineers and to seisroologists study� 

*Budqetary oontraints have caused NOAA to decide to � 
out the WOrld Data Center activities and to consider 
phas� out the NGDC st:rorq-:mtiat activities. 
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macroseisms and shall.d be c:::atti.nued. It is :rec::xmneroed 
that the prqxiS8d joint suboamnittee, and users of the 
data, consider ways of expar¥ii.rg the �-moticm ser
vices of NGDC, supplement� am;or oc:mplement� them 
with other data centers and :rescurces . 

Ill\TA APPLICATICH; 

Applications of � grcA.lM-:mticm data take a 
variety of forms . For the pnp::x;es of this report they 
are arloitrarily divided into (1) basic seismoloqical and 
en;Ji.neer� seismology research ,  (2)  basic earthquake 
en;Ji.neer� research, and (3)  en;Jineer� practice and 
code develc:JfiiSllt . 

Basic seismoloqical and Erqineerin;J seismology Research 

st.ron;J-motion data contrib.rte to the underst:an:ll.n;J of 
source mechanisms and propagation of seismic waves fran 
the source to the point of interest, includ.irl:J local site 
effects (see Figures 7 and 8) . '!he characteristics of 
the source mechanism that can be examined us� �
motion data include: rupture velocity, point of initia
tion of the ropture , asperities or irregularities on the 
fault that produce � radiation of high-frequency 
seismic waves, the direction of fault-rupture and the 
resultant pattem of wave radiation, spectral content, 
stress drcp, fault-rupture dimensions, time sequence or 
slip rate of fault motion, strergth of energy release or 
seismic nanent, type of grcA.1M rupture, and possible 
reqional differences in these parameters . An enhanced 
krlc::Mledqe of the Iilysics of the source is valuable not 
only to the science of seismology but also for the 
estimation of s"trorq grcA.1M moticm for en;Jineer� 
�lications. 

S"trorq grcA.lM-:mtion data also contrib.lte to a better 
understar¥iir¥; of wave propagation characteristics, such 
as geoloqical and Iilysical characteristics of the wave 
path (e.g. , velocities, density, and rigidity) ; atten
uation alon;J the path, both gecmetric and that fran ane
lasticity; scatter� effects; near-source parameters 
(e.g. , oouplin;J, :revetberation, and focusin;J) due to 
�or other structural elements; and site effects 
caused by variations in soil type , water table, and 
neighbor� geoloqic structure and topography. '!he 
resultant �-motion duration and frequency content 
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FIGURE 7 Aooel.erogram recorded duri .n;J the Wesboorlam, califomi.a earthquake of April 26, 
1981. 'Ibis earthquake oocurred on the lq;lerial Faul t, 'Whi.dl ex:t:eJ:m fran Mexico into the 
Unitai states am is locatai 100 miles east of san Diego. 'lbe ac:celerogra};tl was close to the 
point of i nitial fault rupture as eviden:::lE!d by the short delay between the arrivals of the 
primary am sec.onjary (P-S) seismic waves. 'lbe P-S delay of 1.4 seconjs ooiiespoms to a 
slant d.i.starx:le of 7 miles. 'lbe st:ron;J Iilase of shaki.n;J lastai about 4. 5 seconjs am was of 
damagi .n;J st:ren:.Jth. (Fran the st:ron:] Jot:)tion Instrumentation Program of the califomi.a 
Division of Mines am Geology) 

� 
01 
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FIGURE 8 '!his accel erogram, 'Which differs greatly fran that s'hown in Figure 7, was recorded 
in thQ center of Mexico City dur:in;J the September 19, 19 85 earthquake. '!his magni tude 8. 1 
shock was generatai by slip oo a subductioo faul t about 200 miles soo:t:hwest of Mexico City, 
where sane 400 JILll.tisto:ry Wild.in;Js were severely damaged or collapsed. 'nle center of the 
city was b..ti.l t  on a layer of soft clay 'Which, as the accelerogram shows, vibratai st.:rcn;Jly 
with a daninant pericxl of 2 sec:x:n:h;. '!his explains why Wild.in;Js with a :furx3amental pericxl 
in the rarge of 1 to 3 SE!CXX'rls were nuch nore st.:rcn;Jly affectai than Wild.in;Js whose pericxls 
were wtside of this rarge. It also explains why damage was minimal in those parts of the 
city b..ti.l t  on fi nn g:rcAll'Xl. (Aooel.erogram cc:m:tesy of the Instituto de Irqenieria, 
Universidad Nacional Autonana de Mexico) . 

t.) 
-..J 
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are strtD;Jly affected by the characteristics of the 
prcpagaticm path as well as the duration of the earth
quake scurce . st.ron;r reqional differerx:leS have been ob
served in high-frequency wave propagation in various 
parts of the united states. 

Adequate strtD;J'"'IIDtion instrumentation, includi.n;J two
and three-d.bnensional arrays, is required to cirt:ain the 
basic data for better � the seisnrJloqical 
scurce and propagation parameters . 'nlis enhanced under
stan:U.rq will significantly inprove the u.s .  capability 
to predict g:rall¥i DDtion in a given geoloqic envirauoent . 

Basic Earthquake ED;Jineerirq Research 

over the past 40 years , the specialized field of 
earthquake en;Jineeril'q has grown fran infancy to its 
current advanced state, allowir'q the design and oon
strocticm of builciillgs with greatly inproved safety and 
cost-effectiveness. 'nlis pz:ogress CDlld not have taken 
place wit:hc:ut. the availability of strtD;J-DDticm aCXleler
ograms and high-speed digital catp.rt:ers that toqether 
enabled the developteut and inplementation of the current 
methodoloqies of analysis and design. 

'Ihe research that played a major role in the develop
ment of these methodoloqies can be classified into four 
areas: (1)  seismic g:rall¥i DDtions, (2)  mathematical 
mdel.irq and dynamic analysis, (3 )  structural perfor
mance, and (4) seismic design. 

Strorq Gra.md M:Jtions 

ume.rstandi.rq the nature of st.rtD;J g:rall¥i DDtions, 
i .e . , intensity, frequency content, ];i'lase relations, dur
ation, and spatial variations, is :fl1mamental to achiev
irq good earthquake-resistant design of critical struc
tures based cm ecouanic and safety considerations. '1hese 
stJ:uctures include builciillgs , bridqes, dams, offshore 
platfo:t'lliS , liquefied natural gas storage tanks, and nu
clear power plants. 

'1hrough the inproved strorq-DDtion instrumentation 
program , nuch valuable information has been recorded that 
has led to a greater umerstandirq of the expected cp:'OllBi 
DDtions required in the design process (see Figure 8)  • 

'Ihe g:rall¥i-11Dtion criteria used for earthquake-resistant 
design of critical structures have uniergone major 
:revisions in recent years because of recorded g:rall¥i 
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grami l!Dtions. P\lrther :revisia'lS can be expected as new 
knowledge is gained thralgh the si:rcDJ-mtion i.nst.nnnen
tation �:tam. 

Mathematical Model.in] and Dynamic Analysis 

Because of the availabUity of high-speed digital 
cc::arprt:ers , it is possible to perfonn the numerical "WOrk 
required by detailed mathematical m::x:1el.s of critical 
structures . Twenty-five years ago the practicin] en;Ji
neerin] profession was very limited in its ability to 
calculate seismic response . Presently, however, detailed 
dynamic analyses are routinely carried out for inp::)rtant 
structures . 

For exanple, seismic response analyses of nuclear 
power plants oontainin] a nultitude of pipin] systems , 
equipne.nt , and sec:on:mry structures are made, · includi.n:J 
soil-structure interaction effects . 'Ihese design 
activities set up a de:n1aM for research and develcpnent. 
toward inpraved mathematical m::x:1el.in] which, in tum, 
creates a de:n1aM for inpraved knowledge of s1:rcDJ l!Dtion. 

Structural Perfonnance 

Because of eoonanic considerations, controlled damage 
must be allowed to take place in many structures, such as 
builc:lirgs , offshore platforms, and bridges, durin] max
imum credible earthquake corxti.tions . '!his requirement 
necessitates an urderstandi.n;J and an ability to predict 
the resistin] forces developed umer larqe deformation 
cyclic corxti.tions and the failure mechanisms likely to 
take place umer extreme corxti.tions. With the availabil
ity of modem electronically controlled, hydraulically 
powered testin] equipnent and shaJd.n;J tables, high-speed 
data acquisition and processin] equipnent , and conputers 
and associated conputer programs for control and anal
ysis, nuch knowledge has been recently gained regard.inJ 
structural performance umer seismic corxti.tions. '!he 
validity of this knowledge is, of course, highly de
pement. upon the ability to prescribe realistic seismic 
excitations, which is depement upon info:tmation gained 
thralgh the �-l!Dtion instrumentation program. 
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seismic Design 

'!he practice of earthquake en;Jineerin] in the design 
am construction of structural facilities has umerqone 
major� durin] the past 25 years as a result of 
advances made in the areas of seismic grcA.1M :mtions, 
mathematical DXXIel.in], dynamic analysis, am stnJctural 
performance . Codes have been DK:ldernized, requirin] the 
designs to be based on nxma realistic seismic grcA.lM
:mtion criteria, better detailin] of st.ructural. CCIIpO"'" 
nents am systems , am inproved cantrol of materials. 

Considerin] that basic earthquake en;Jineerin] research 
leads to ecoranic am safety iDprovements in seismic de
sign am cxmstruction, it is very clear that every effort 
should be made to st.ren;Jthen the stron;J-nDtia'l instrumen
tatia'l pmgram, which is :fl.lmamental. to this developnent . 
'Ihe c:ostjbenefit ratio is brought into better focus when 
oonsiderin] that about 35 percent of the rcaJghly $230 bil
lion spent anrrually a1 const.J:uction in the United states 
is for :reqions of noierate to high seismic activity. 
Many of these :reqions are aztside of california. Figure 
2 is a );ilotocJrat=h of a collapsed brll.din] in <llarlestal, 
Scuth carolina in 1886 . Figures 9 through 14 are exam
ples of earthquake damage caused by the 1964 Alaska, 1962 
Mexico, 1982 coalirga (california) , am 1979 Imperial 
CCI.mty (califomia) earthquakes . 

Erqineerin] Practice am Q:)de Developoen:t 

Aocelercgram data have also led to i1rprovements in 
u . s .  brll.din] oodes . For exanple, the evolution of the 
lateral force provisions in these oodes is based on the 
aCXlelerograms :reoorded durin] major earthquakes (Figures 
7 am 15 ) . More aCXlelerogzam data are required, however, 
because of the need for further inprovements in en;Ji
neerin] practice am buildin] oodes . Aocelerograms have 
not been :reoorded near the fault ruptures of U. s .  earth
quakes greater than magnitude 7 '  altllcu3h these pose the 
largest threat to many url:lan envil:aments. Erqineers 
rely on extrapolations of the exi� data base to pre
dict the :mtions of these potentially desb:uctive events. 
As a result, the uncertainty in these estimates is great
er than those where little or no extrapolations are in
volved. Consequently, the design of future structures 
may not be cptilllal. am the evaluation of existin] cmes 
may be inaccurate in sane cases . 
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FIGURE 9 '!his six-sto:cy, reinforoed-cx:>rX::rete apartment buil cli.n:J vibratai stl::'orgly before 
oollapsi.n;J duri.n;J the 1964 Alaska earthquake. It was newl y built in Anchorage arrl was a 
l ift-sl ab type, rel yi.n;J on the two vertical elevator/stair shafts to provide earthquake 
resistance. '!here "Were no reoordi.n;J instruments in or near the builcli.n:J. (Ihoto by George 
w. Housner) 

w 
1-' 
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FIGURE 10 '!his 14-sto:ry , reinforced-concrete apartment 
buildin;J in Anchorage, Alaska was damaged by the vi
brations produced by the 1964 Alaska earthquake (MB. 4)  • 

'Ihere were no reoo� instruments in the buildin;J , nor 
were there stron;J-JOOtion instruments in Alaska at that 
time . (Photo by George w. Hausner) 
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FIGURE 11 COllapse of an eight-story buildin:j in Mexico 
City in 1957 . SUCh collapses, in which the floors are 
stacked like a deck of cards, have been OOsel:ved in 
several earthquakes . '!he epicenter of the 1957 Mexico 
earthquake was 200 miles south of Mexico City. Similar 
collapses ocx:::urred duri.� the September 19, 1985 Mexico 
earthquake . Buildirgs that were not designed to resist 
earthquakes are especially susceptible to damage fran 
distant events. (Photo provided by George w. Halsner) 
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FIGURE 12 Structural damage in the Ooalirga b.lsiness 
district resultin:] fran the May 2 ,  1983 eart:hquake 
(M6 . 5) . SOOrce : california Division of Mines ard Geology 
(1983 ) . (Fhotograpl by James Stratta) 
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FIGURE 13 Structural damage to a brick builciin;;J result
i.rr; fran the coalirga eart:hquake of May 2,  1983 . '!he 
epicenter of this magnitude 6 . 5  shock was aboot 10 miles 
fran the town. SUch buil�, not designed to resist 
earthquakes, are very wlnerable to damage. Source :  
california Division of Mines ard Geology (1983 ) . (Rlo
togra};il by James stratta) 
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FIGURE 14 View of the sart:h side of the Inperial cnmty 
services Buildirg. 'Ibis structure was severely damaged 
by the Inperial cnmty earthquake of october 15, 1979 
(M6 . 5) • '!he first-stocy reinforoed-cx:n::::rete columns were 
badly cracked at top an:i bottan. '!he four columns at the 
east erxi of the b.ti.ldirg were shattered at the bottan an:i 
dl:c::g>ed the east erxi of the b.ti.ldirg aba.tt 10 i.n::hes . 
'!he b.ti.ldirg was deloolished later. St.rc:n;J-DDtion instru
ments had been installed in the b.ti.ldirg prior to the 
earthquake , an:i these recorded the DDtions of the roof, 
several floors, an:i the groorxl . Sa.troe :  California 
Division of Mines an:i Geology (1983 ) . (:Ehoto by c.  R. 
Real) 
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FIGURE 15 Recorded aooeleration of the roof of the Inperial Coonty services Buildin;J. '!he 
b.rlldin;J was abcut five miles fran the causative fault. 'Ibis six-sto:cy reinforced-ooncrete 
b.rlldin;J had eart:hquake resistance provided by a beam an:l column framework in the east-west 
direction, an:l by stiff shear walls in the n::>rth-so..rth direction. At t:ilne A the columns in 
the first sto:cy cracked at the tq> an:l bottan, an:l this partial lli.n3e action greatly reduced. 
the stiffness an:l increased the natural period of vibration. At t:ilne B cracks develcp:d in 
the shear walls. At t:ilne c the foor columns at the errl of the b.ri.ldin;J shattered at the 
bottan an:l di� the errl of the b.rlldin;J 10 inches. '!his is the only t:ilne that records 
were obtained in a b.ri.ldin;J uniergoin:J severe damage. (Fran the Stronq M:lt.ion Instrumenta
tion Program of the California Division of Mines an:l Geology) 

w 
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'1here are many reqions of the world that face an 
earthquake threat even greater than that of the United 
states. Reccgnizirv;J this threat, saae foreign cnmtries 
have develcped significant stJ::orq-mtion programs . Most 
notable is a p:opoam in Japan that could serve as a liCdel. 
for other cnmtries. '1here are aver 1,  500 stl::orq-mtion 
instruments installed in the free-field ani in structures 
in Japan. In addition, Japan has embarked upon a nearly 
$15 million program for the installation of dense st.rorr:J
l!Dtion arrays . '1he area of Japan is lj25th that of the 
United states while its pcp.ll.ation is half as larqe. '1he 
:resultirv;J ccnoetltration of people ani irxlustries gives 
great :i.nportarx:le to earthquake hazard. 

other cnmtries with active s�-mtion programs 
include Algeria, Chile, China , Imia , Iran, Italy, Mexi
co, New Zealani, Russia, Taiwan, TUrkey, Venezuela, ani 
Yugoslavia. While earthquake mechanisms ani canst:ruction 
techniques may vary in different parts of the world, the 
free-field ani st.:ructural. data obtained from a major 
earthquake anywhere in the world are valuable to all 
earthquake :researche:rs . 

In 1978 , an Inte:rnaticmal. Wor:kshq) on strcn;J-H:Jtion 
Earthquake Inst:rument Arrays, with principal � fran 
the Naticmal. Science Foundation, was held in Hawaii 
(Iwan, 1978 ) . '1he workshop ' s  goal was to develop a work
able plan for the future deployment of dense stl:'org
l!Dtion arrays with primary eq:tlasis on grc:mn-mtion stud
ies. Based on careful examination of the seismicity ani 
geology of various worldwide sites, the workshop selected 
28 sites for possible deployment of stJ::orq-mtion arrays . 
'1he wor:kshq) also unani:aD.lsly adqrt:ed a :resolution cal
lirv;J for the design ani installation of stl:'org-mtion 
arrays worldwide ani thl! creation of an Inte:rnaticmal. 
strcn;J-H:Jtion A:rray Courx::il (ISMAC) • Since the wor:kshq), 
a !'1UiliJer of new stJ::orq-mtion array ani network ptoq:rams 
have been instituted · ani  larqe earthquakes have cocur:red 
at a significant !'1UiliJer of the sites. 

'1he ISMAC was established in 1979 umer the auspices 
of the Inte:rnational Association for Earthquake En:]i
neerirv;J ani the Inte:rnaticmal. Association of sei.sroology 
ani :Alysics of the Earth ' s  Interior. '1he council is 
involved in coordinatirv;J the activities of naticmal. ani 
reqional stJ::orq-mtion programs ani in the praootim of 
worldwide assembly ani di ssemination of st.rorr:J-l!Dtion 
data. En:]inee:rs ani scientists fran the United states 
play an active role in the council . 
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'!he higher seismicity of saue :reqions c:utside of the 
United states affords the qpntunity of obtai.nirg es
sential st.J:arq-J!Dtial data more quickly than relyirq 
solely upon daDestic measurements . Also, special :instru
mentatial installations set up to measure aftershocks 
follcwi.rq a major seismic event saaewhere in the "WOrld 
can provide a rich source of st:rooq-JIDtia'l data. For 
these reasons ,  it is .brportant that the u.s .  st.J:arq
J!Dtion pt:cgt:am have an intemational perspective. 

Q)operative programs in st:ra1q-DDtia1 sbxlies have 
recently been established between the United states ani 
:rmia, Taiwan, China , ani other oamtries. Salle of these 
�tive projects have already yielded significant 
data. 
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NEED FOR FURIHER DEVEID:EMENI' OF 
U. S .  S'l'R:.tlG-IDl'ON Acr:IVJ:r'i 

Although much progress has been made in U. s .  st.ron;J
DDtiCI'l activity sirx:le its inception in 1932 , there is a 
need for further develcp1erit in the areas of instrumen
tation, data acquisition an:i management, data analysis 
an:i research, an:i �lications. 

INS'IKJMENTATION 

Recent advances in technology offer new op(X)rbmities 
for i.nprcvinq the quality an:i CCIIplter accessibility of 
�-DDtion data. Improved hardware c:c:atpOne1'lts pennit 
greater f:requenc::y baniwidth, wider dynamic rarge, an:i 
less power CCil'lSUIIption. Microcarprt:ers allow software 
control of various hardware c:c:atpOne1'lts , efficient an:i 
reliable execution of system tasks, inc:reasecl flexibility 
in system design, an:i inc:reasecl digital prccessinq capa
bilities . Modem storage media extend data capacity an:i 
provide carpatible formats for miniCCIIplter systems , 
which when deployed in the field pennit extensive pre
processinq of large volumes of data durinq field 
experiments . 

Research instruments , such as the GEX>S, have incor
porated many of these features of JOOdern t.echnology an:i 
established the feasibility of i.nco:rporatinq such char
acteristics in instrumentation needed for future arrays 
in the United States. Several of these features have 
been recently i.nco:rporated in ccmnercial instrumentation, 
such as the �-2 , �-1,  IR-200 , A-700 , an:i DSA-3 . . 
However, no ccmnercially available instrumentation has 
yet taken full advantage of available technology. In
creased use of available technology is �ly needed in 
the United States. For exanple, in Japan 16-bit (96 dB) , 
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�tible, cartridge recorders are used as 
stamard recorders in arrays such as those installed by 
the PUblic WOrks Research Institute. 

'1he very dest:ructive gramd motions in Mexico City 
durirq the earthquake of september 19 , 1985 were recorded 
by several diqital acce1erograpw that were installed am 
maintained by the Institute of En]ineerirq of the Na
tiooa.l university of Mexico. '1he tape cassettes were 
retrieved the same day, the data were processed through 
stamard Califomia Institute of Technology oatp.Iter 
programs am qraphs of acceleratia'l, velocity, am dis
placement as well as response spectra were available the 
fo11C1tlin;J day. Ftlotcxx:pies were beirq studied in the 
united States two days later. '!his ready availability of 
the st:mn;J-'JIDtioo data was very .brportant in the ex
planatioo am � of the collapses of l11llti
story b.rlldirgs. In view of this, the panel recam:nends 
that those locations in the united States where signif
icant earthquakes are expected, for exanple the los 
An;Jeles reqion, be instJ::umented with sane diqital ac::x:lel
erograpw to �q.plement the analcq instruments already 
installed. 'Ibis will enable sane data to be disseminated 
within a day, or two, of the earthquake . 

To date, little mdem diqital st:mn;J-nDtion instru
mentation has been installed in the united states. Re
sources are needed to develop a reliable lCM-OOSt diqi
tal ac::x:lel� for c:cmnercial production am routine 
incorp:)ration into planned arrays .  '1he ac::x:leleroc;Jraii'l 
should incorp:)rate mdem technology, minimize network 
maintenance costs ,  am be developed to incorp:)rate � 
priate CXIIp)l'lE!nts of recently developed research instru
mentation. Miniaturization of the lOOdul.ar CXIIp)l'lE!nts of 
research instrumentation wruld permit the developieJ:t of 
a catpact, low-power, wide dynamic rarge, broad bam- · 

width diqital recorder capable of reoontin;J data of sub
stantially i.nprcved quality at lower cost am in a nm"e 
accessible fo:rm for use by the scientific am eng"ineerirq 
cxmm.mities . 

DevelopierJ:t of an inexpensive mdem diqital recorder 
cx:W.d greatly ac::x:lelerate the deployment rate of recorders 
on a worldwide basis am oc:W.d serve as an instrumenta
tion st.an:lard for a "WOrldwide network of strorg-JtDtion 
instrumentation, which is one of the f'\lmamental objec
tives of the !nten'lational Decade for Hazard Reduction. 
SUch a network wruld significantly increase the proba
bility of documentirq accurately the near-source seismic 
radiation field of a tremerxicus earthquake am its effect 
upon man-made structures . SUch a data set remains to be 
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collected for a lazqe magnitude earthquake anywhere in 
the world. 

'!he acquisition of lazqer anomts of sb:ag-'J!Dtion 
data by a variety of organizations results in an inc:reas
irv;J need to develop data archivirv;J, manaqement , am 
retrieval prooedures that will increase data accessibil
ity for research am mqineerirv;J 8R>lications. '!he 
inc:reasirv;J anomts of data am rapidly charqirv;J CCIIplter 
technology � that a data-base management system 
usirv;J OCIIplter-� software �d be nost 
�opriate. Preferably such a system �d be based on 
cammercially available software products to facilitate 
catpatibility with future hardware chaiYJes . '!he ideal 
system or parts of the system should be :reasonably trans
portable between mid-sized catp.Iters , so that the system 
may be maintained by �iate aqencies am research 
institutions. A user-frienlly data-management system 
pennittirv;J ready access to c:a�plete �-DDtion time 
series am spectral data bases is a furx3amental. need of 
both the scientific am mqineerirv;J ccmm.mities . A prime 
consideration is that st.ron;J-l!Dtion aocelerograns be made 
available without delay after an earthquake to designers, 
researchers, am others � have a need to see the 
rec::ordin;Js . 

'!he volume of digital data suggests the need for a 
data archivirv;J am retrieval system involvirv;J two oan
ponents . One cc::mp:ment should provide a catalog of in
formation :regardiD;J station, event, am data parameters. 
A sec:xni 0Cilpll'l8llt , involvirv;J a much lazqer volume of 
information, should provide the actual time series am 
spectral values. '!he first CCilpll'l8llt should be inter
faced with the sec:xni CXIl1pa1el'1t to facilitate archivinl 
am retrieval of the time series . '!he first OCil1paleJ'1t of 
the system should be maintained by �opriate data
collection agencies with maintenance of the sec:xni oan
ponent depen:ii.n;J on resources am objectives of the a
gercy. '1hese two interactive cc::mp::nents suggested for a 
data-base manaqement system are consistent with present 
uses of �-DDtion data. Scientific am mqineerlnl 
8R>lications of �-DDtion data are qenerally of two 
types :  parametric studies am studies involvirv;J the oan
plete time series or derived spectra. 

'!he Strcn.J-Motion Information Retrieval System of the 
u. s .  Geological SW:Vey is the first example of a param-
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eter-based information system 8R>lied to strorg-DDtion 
data. A similar system, though possibly sinplified, 
seems the lOOSt appropriate for meeti.rq the needs of para
metric investigations. Specifically, the system shall.d 
be an online system allowirv;J access to certain sets or 
subsets of data characterized am selected on the basis 
of key parameters. A three segment data base, cacposed 
of data related to aocelerograms' :reco:rdi.n; stations' am 
triggeri.rq earthquakes similar to the division used by 
Crouse et al .  (1980) , may be the lOOSt practical . A pa
rameter-based online retrieval system is a particularly 
�cpriate scheme for prcvid.in;J timely access to newly 
reoJVered data. SUCh a parameter data-base system could 
be used to define access to the much larqer data base 
consistirv;J of original am processed time series am 
spectral data. 

Maintenance of a c::c:mplete strorg-m:>tion time series 
am spectral data base for access in an online envir
aucent may not be practical at present, consideri.rq the 
volume of data, disk-storage costs, am data transmission 
rates on dial-up tel� lines. Retrieval of sane of 
these data by tel� is rrN possible thralgh the Univ
ersity of Scuthem california. Technological i.nprove
ments may make this scheme feasible for transmitti.rq 
lazge anomts of data. However, for the present, the 
lOOSt practical distribution scheme for time series or 
spectral data may be to have an online data request fa
cility with the actual data transmission occurri.rq on 
hard media thralgh conventiooal mails . It may be useful 
to retain the tel� line data transmission qrt:ion, 
partic:W.arly for small data subsets am certain data of 
particular oont:ellp:>rary interest . 

'1he accessibility of time series or spectral data by 
investigators can be significantly i.nproved if st:amard 
formats can be established for data that are distributed 
on magnetic tapes. '1he convenience with which newly ac
quired data can be canbi.ned with existi.rq data sets 
strorgly affects its use . D:ita formats that are lmi.fo:rm 
or consistent fran agency to agency am earthquake to 
earthquake significantly increase the value of the data 
because they can then be used withcut m:xtifyi.rq software 
to read each new data type. 

Developnent of the needed data-base management systems 
am i.nproved st:amards for data dissemination requires 
appreciable personnel am cacputer resources . Solutions 
to these problems can be lOOSt efficiently pursued through 
cooperative efforts aiOOn;J federal , state, am lmi.versity 
strorg-m:>tion programs . Close cooperation is required to 
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avoid duplication of efforts am to qltilnize the use of 
limited personnel resources . A oatiiiiOl'l data-base manage
ment system am set of data proc:essi.rq procedures that 
cxW.d be used by all interested programs �d not only 
reduce developiiE!ilt am maintenance costs for data manage
ment but also pennit nm"e efficient use of available re
sc:m:oes in data acquisition programs follcwin:J a major 
event . 

DATA ANALYSIS AND RESFARCH 

In the past, eqbasis was placed on st.rergtheni.n; the 
strorg-'IIDtion instrumentation program through increased 
installatiCI'l of instruments in the free-field am in 
structures . As a result, the data base has grown sub
stantially in recent years . If society is to benefit, 
however, this enlarged data base must lead to illprcved 
earthquake-resistant design am construction. It is 
inportant, therefore, that increased eqbasis be qiven to 
111BkirrJ the data available pratptl.y to users am to ex
pan:ilig the research effort usi.rq this data base. 

Areas of research that shall.d be eqbasized. include 
teltp:>ral (time) am spatial variations of the qrc::JUI'Ki m:>
tions,_ design grc::JlllU DDtions, seismic hazard analysis, 
am structural response calculations . 

Time Variations 

Recorded acx::elerograns shall.d be used to study three
dimensional strorg qrc::JUI'Ki DDtions at a point charac
terized through, for example, Fourier spectra , response 
spectra , correlation functions, cross-correlation func
tions, probabilistic distrib.ttions, mean values, am co
efficients of variation.. 'lhe effects of factors such as 
SCAlrOe mechanism, site p�ies am profiles, epicen
tral distance, focal depth, am magnitude need further 
clarification. 

Spatial Variations 

For structures that are larqe in their horizontal 
dimensions, e.q. ' dams, bridges, pipelines, am irxius
trial buildi.rqs, the spatial variations of the three
dimensional strorg qrc::JUI'Ki JIDtions have a q:reat influence 
on seismic response, am this is not 'Well umerstcxxi at 
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present. Fl.lrtherloore, for deeply embedded structures, 
such as high-rise b.ti.l� ani nuclear power plant con
tainment structures, the effects of spatial variations of 
the �iooa.l strc:n;J gJ:'O.Di J!Dtions with depth 
are very significant ani shc:W.d be considered in the 
design of the structure. Yet such spatial variations are 
not ·well known . 'lherefore, it is in'portant that studies 
be carried out to characterize the spatial variations of 
gJ:'O.Di J!Dtions through cress-spectral analyses, l11lltiple
inp.lt response spectra , cross-correlation analyses, prob
ability distrib.ttions, ani other elements . Again, the 
effects of such factors as source mechanism, site prop
erties ani profiles, surface qeanetry profiles, magni
tude, wave types , wave velocities, wave directions, ani 
wave canbinations of the J!Dtions need clarification. 

Design GrcllrYi Motions 

'!he seismic design criteria for critical structures 
must be continually reviewed ani updated as new infoJ:1lla
tion is gained through studies of strc:n;J gJ:'O.Di J!Dtions . 
'lhese studies shc:W.d advance the use of response spectra 
for �iooa.l gl:'O.Di-J!Dtion characterizations . 
Features needi.n; special attention include spectral 
shapes, mean values, coefficients of variation, ani in
tensity definitions . '!he influence of factors such as 
magnitude, epic:entral distance, focal depth, fault type, 
geology, ani site ccniitions on these features needs 
study . Also, better definitions of �iooa.l 
design-accelerograms for time-history analyses are needed 
regardless of type used, i .e . , spectrum-c:x:lltible accel
erograms , stochastically qenerated accelerograms, or real 
measured accelerograms . For use in the design of large 
structures, � differences in the acc::elez:ogrcmiS with 
distance need clarification ani better definition. 

seismic Hazard Analyses 

As more strc:n;J earthquake gl:'O.Di-motion data are 
collected, basic studies will provide more realistic 
modelin;J as needed in perf0J:11li.n; seismic hazard analyses, 
i.e .  , seismic hazard models reflectin;J the randCl1UlesS in 
space, time, ani magnitude of seismic events. Further
more, magni tude-rec:urrence, atterruation, rupture-length 
magnitude, ani other relations can be better defined, 
incll.ldi.rq the randomness of their parameters . Also, 
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better definitions of effective peak ground acceleration 
can be develqm; they are needed to perfonn realistic 
seismic probability risk assessments. 

structural Response calculations 

Sb:orJ;J""'BJtion data have been recently collected on the 
dynamic response of structures duri.rr;J earthquakes as a 
result of the placement of :instruments . If such infor
mation is to be of arr:1 value, correlation studies must be 
carried cut to check the validity of mathematical lOOdel.
i.rr;J and analysis. Methods of calculati.rr;J the seismic re
sponse of structures must be checked against the actual 
recorded ground and buildin;J llDti.ons, othel:wise the relia
bility of methods will nat be established. 

APPLICATICNS 

A cc:arprehensive data bank of strong-11KJtion ::recm:ds , 
cont:ainiD; statistically significant numbers of events 
for all site comitions in all seismic regions, 'Walld 
have i.nportant �lications for inprovi.rr:J the safety and 
econany of en;Jineeri.rr;J installations in seismic regions. 
Sb:ol'J;J-11KJtion data are used in design or evaluation gen
erally in two nx:xies .  

1 .  '!he availability of large and efficient OCIIp.l'ti.rq 
devices has made possible the use of detailed numerical 
lOOdel.s for det:enninin;J the earthquake response of spe
cific civil , mechanical, and electrical en;Jineeri.rr;J struc
tures . SUch lOOdel.s are especially useful for structures 
in which failure may threaten many people or may signifi
cantly affect the region ' s  econany. Exanples are: dams, 
power plants, power transmission facilities, port facil
ities, storage facilities for hazardous dlemicals, lique
fied natural gas and fuel tanks, buil.di.rr;Js with sensitive 
:instruments, hospital OCI1plexes , in:iustrialized build
i.rr;Js, uman lifelines, offshore platforms , and military 
installations . 

2 .  Availability of large, strong""'BJtion data banks is 
also important for developi.rr;J general design criteria for 
large classes of buildi.rr;Js and en;Jineeri.rr;J installations . 
'Ihese data 'Walld enable the judicious choice of levels of 
design force and their variations to result in m:>re eco
nanical structures without c:x:mpranisi.rr:J safety. 
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In earthquake-resistant design, the adequacy of the 
p:rcduct depems critically on the quality of the ground
motion estimate, in relation to bath the intensity of the 
shaJd.rq am the frequency content . For structures with 
sensitive respcmse , the result of the analysis will nat 
be aey better than the fniut motion. Inprovements in ma
terial response D:ldel.s am OCIIpltatiooal techniques will 
nat illprove safety unless the ground1Dti.on estimate is 
improved . 

'!be information based on �1Dti.on data is of 
great value to government figerx::ies oancemed with earth
quake hazard mitigation, damaqe assessment, am disaster 
relief. '!be information is of particular value to :plblic 
poli� aqax:ies. 
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S'tron3'-motion data i.rx:reasirgly play an i.nport:ant role 
in eartllquake err;Jineerirg ard seisloology. '!hey provide 
the basic infomation required for uroerstarm..n; the 
eartllquake rupture process , the transmission of seismic 
energy in the region near the epicenter, the effects of 
surficial soil topography on the seismic DKJti.on, the 
effects of the strong DDtion upon structures ard their 
contents ,  ard for the safe and. ec:onanical design of 
structures ard facilities . 

'Ihe rn.nnber of st:rol'r;J-'nDton instruments in operation 
in the united states continues to i.rx:rease, as well as 
the rn.nnber ard variety of organizations that deploy them . 
'Ibis is inlicative of the broad interest in strong-motion 
data ard the various uses to which the data are p.It. At 
the present time there is no fonnal ovetView of these ac
tivities to provide guidame about gaps or overlaps that 
might exist in strong-motion data qatherirg, dissemina
tion, ard analysis . Because strong-motion activities 
involve so many organizations there is a need to take a 
large-scale view of the entire national effort, to iden
tify the �  and. deficiencies, ard in particular to 
identify aey critical needs that are not beirg met . one 
way of doirg this is to consider the elements that make 
up the national effort. 

EUMENTS OF 'IHE NATIONAL �00 PROGRAM 

'Ihe u. s .  Geological survey (USGS) operates a national 
strong-lOtion network at the federal level . It installs 
ard maintains its own instruments and. processes and. 
disseminates the recorded data. It also provides sane of 
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these seiVic:es for other federal agencies havirg stron;J
motion programs. 

'Ihe california Division of Mines an:i Geology has a 
large stron;J-nDtion program at the state level . It in
cludes the deployn-ent an:i q>eration of instruments, the 
processirg of data, an:i the distribution of data an:i 
related infonnation. Publication of data an:i reports 
takes place shortly after an earthquake , when the in
fonnation is of maximum interest to IOOSt users . 

Universities, iniustries, various state an:i local 
government agencies, builciin;J owners ,  an:i other entities 
also acquire stron;r-motion data, usually for special 
purposes . Sometimes such data are considered proprietary 
an:i are not shared. In other cases the data are made 
available later, after the principal firxiings have been 
published. 

An effective national stron;r-motion program must be 
concerned with all � of activities, incl\.ldin;J 
stron;J-nDtion instrument developnent, deployment an:i 
q>eration of the instruments, processirg, archivirg an:i 
dissemination of data, the uses of the data, stron;J
motion research, stron;J-motion applications, integration 
of the activities of various govel:1'1mel'ltal agencies, 
uni. varsities an:i co:tpOrations takin;J part in stron;J
motion activities, an:i identification of the anamt of 
� required for such a national effort an:i the 
sources of �. 

INSTRUMENT DEVEID:EMENT 

Most stron;J-nDt1on instruments presently installed are 
the film-reco:rdi.n:J analog type, with recorcti.n:J initiated 
at the time that a specified threshold of grourxi motion 
is exceeded. 'Ihe advantages of such instruments are low 
initial cost an:i relatively inexpensive maintenance, 
along with a high likelihood of functionirg at the time 
of an earthquake . Disadvantages are the necessity of 
digitizirg the acx:elerograms as part of the data proc
essirg, missirg the portion of the stron;J-motion record 
before the recorder is triggered, lack of absolute time 
marks for identifying wave arrivals, deficiency in high
frequency response, an:i lilnited dynamic range. 

Digital stron;r-motion instruments , reco:rcti.n:J on tape 
cassettes or disks, are not subject to the lilni.tations of 
analog instruments. However, at present, they initially 
are more expensive an:i less reliable, an:i their sophis
tication will likely result in higher maintenance costs. 
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In balance, ha.llever, the advantages of digital over 
analcq recordin:] are such that eventually all 
stron"J-JIDticm instruments will be digital . '!be very 
quick di sseminaticm of data that is possible with digital 
aooel.erograPls makes it hiqhly desirable to have at least 
one installed in each :reqicm where significant 
earthquakes are expected . 

'!here is a need for further develc;poent of miniatur
ized, three-ocltp:men instruments that can operate in 
relatively small diameter boreholes in the type of envi
ranent encamt.el:ed at depths of huOOreds of meters . 
'!here also is a need for direct-� displacement 
meters to measure the lCM-frequency porticm of the stron'J 
qroum llDticm. 'lbese are just two exanples of areas of 
instrument developoeut that might be ocmsidet:ed. 

'!here is a need for a plan to upgrade the existi.n;J 
stron"J-moticm installatialS, ocmsiderin;J both the advan
tages of usin;J state-of-the-art equipuent and the added 
oost of };m'Chase, installaticm, and maintenance . Prior
ities need to be established, tak:in:J into aocamt the 
uses to be made of the data, the frequency of occurrenoe 
of stron'J qroum llDticm at particular sites, and the 
lmiqueness of the data to be obtained . 

Instrument Deployment and Operaticm 

Plans for deployment of stron"J-maticm instruments re
quire dec:isialS as to whether they should be located in 
structures or in the free-field. Both kinds of data are 
needed by en;Jineers, whereas seisloolcqists prefer free
field data. More dec:isialS must be made abwt the place
ment of instruments in the structures themselves . In ad
diticm, numerous orqanizatiCI'lS install instruments in 
special locatialS for special pnpcses , :but presumably 
the data obtained WQ.lld be available to others. A na
tional plan can take into aocamt these sometimes ocm
flictin;J interests of en;Jineers, seimoolcqists, research
ers ,  and other data users . 

Geographic balance OalSists of mre than oountin;J and 
equalizin;J the number of aooel.eroqraPl& per square mile, 
or per thousan:i pop.ll.aticm, or per number of earthquakes . 
For exanple, larqe nineteenth century earthquakes in the 
central and eastern United States caused minor damage at 
the upper levels of three- and fwr-story buildin;Js as 
far away as 700 miles (Ditton, 1890) • '!be upper levels 
of :ncdern high-rise buildin;Js can be stron'Jly shaken by 
larqe earthquakes that are at ocmsiderable distances . 
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'lbeJ:efore, oonsi.deration shalld be given to instrumenti.n;J 
the basement arxl upper levels of saae high-rise struc
tures in each of the major meb:cpolitan areas east of the 
Rocky lb.mtains . 

Two- arxl three-diJnensialal. arrays of strarg-mation 
instruments can provide the data needed to better Ul'K:Ier
stand earthquake rupture dynamics am wave transmission 
as well as effects on structures . Closely spaced in
struments in two-d:imensiooal arrays will provide infor
mation abait wave CXIherence as a function of wave fre
quency as well as an explanation of the � raman 
dlaracter of strarg-mation time histories. 'lhree-dimen
sialal. arrays will add infcmoa.tion abc:ut the effects of 
the physical properties of the transmit.tin;r medium (e .g. , 
uncxmsolidated rock, stiff soil, am hard rock) on the 
grol1l'Ki llDtion. Plannin;J shalld involve oonsideri.n;J the 
advantages of two- am three-dimensiooal arrays, the 
desirable locations for the arrays in the united states, 
and a setti.n;J of their priority with respect to other 
prcposed instrument deployments. 

'1he overview of a natialal. strarg-mation � 
should give attention to the adequacy of qeograpric o:N
eraqe of strarg-'IIICtion instruments in the United states . 
An exanple of such a plan for the state of california is 
contained in Natialal. Plannirq COnsiderations for the 
Acquisition of Strap Groun:i-Motion Data (Bo:rcherdt et 
al . , 1984) . 

Data Archivi.n;J am Dissemination 

Processi.n;J, ardrl.vi.n;J, arxl disseninati.n;J data are 
essential parts of st.rol'J;-mation pzograms. Considered 
together, they represent the deteJ:'mini.n;J factor as to 
whether the data will be given application am used. For 
exanple, many significant advarx:es in earthquake seis
mlogy ocx::urred in the 1960S am later as a direct result 
of havi.n;J copies of seisn'ogl:ams fran a global network of 
calibrated instruments collected am available fran one 
source, namely the World-wide stamardi.zed. seiszoograph 
Network. Similar advances can be expected in earthquake 
en;Jineeri.n;J and en;Jineeri.n;J seisloology as strarg-'IIICtion 
data acquisition is made easier am mre convenient . 

'1he form taken by the strarg-'IIICtion data base should 
encourage its use by all interested members of the en;Ji
neeri.n;J and seisloological c:xmramities. '!bat is, it 
shcW.d be conveniently accessible so that the investi
gators can spem their time on analysis and research, 
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rather than in �ically aoquirin;J the data and mak:irKJ 
them c:x:aupatible with their CXIl'pl'ti.r¥] facilities. 'Ihe 
data should also be available pzauptl.y follCMin;J a 
significant earthquake, for this is when interest is at 
its height. 

M:n'e attention should be given to the different needs 
of users as well as c::harr;es that might occur in these 
needs . certain users may mquire only values of peak 
grc::um motion, alcn.:J with a oq:Jy of an unoorrected ac
celerogram, within a day or two after the earthquake. 
others will want certain processed data on disk or tape, 
at sane later time . 

Efficient hamlin;J, storage, and retrieval of the 
large annmt of data to be collected on a natiooal basis 
will necessitate mak:irKJ use of new technology. It is 
recommended that a �-mtion data center, or centers ,  
be established to plblish a catalog of �-mtion data 
parameters and anrrual updates of the s'tJ:'cn1-mtion 
catalog, to archive s'tJ:'cn1""100tion data in a standard 
fo:rmat, and to disseminate raw and prcc::essed data upon 
request . 

umer the present methods of operation, the :recorded 
strcn;J-mtion data do not reach the potential users in a 
timely manner . 'lhis delay is exacerbated by the many 
UJ'lCXX)Idinated instrument installations. F\lrthetmore, 
users generally feel that even the data of the USGS and 
the California state �-mtion pzograms do not becane 
easily and quickly available. 

'Ibis problem is bein;J addressed by the California 
Seismic safety camnission which has established the Data 
utilization camnittee to advise the state s'tJ:'cn1-IID'tion 
pzogram on expedi.tin;J the availability of data and en
ocuragin;J a wider use of the data. 'Ihe USGS "«<iI serx3s 
its data to the Natiooal Geqilysical Data center (NGOC) 
in Boulder for archivin;J and disseminatin;J, but it ap
pears that the NGOC service may no lcn.:Jer be available 
and another procedure will be needed. 'Ihe panel feels 
that the proposed Joint SUbcamni.ttee on the u. s .  S'tJ:'cn1-
Motion Program (see Recamnendation No. 1) should, as cme 
of its first tasks ,  review the California state prog1:am, 
the USGS program, and the NGOC operation and make :rec:an
mendations on the djssemination and utilization of 
�-mtion data that will lead to greater use . 
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st.roD]�on Research 

Research activities are usually detel:mined by the 
interests of the individual investigators and. they are 
continually subject to c:::harqe, depetni.n; on aooc:uplish
ments, perceived needs , and. availability of S\JR)Ort. 
OJntinuaJs review is needed to highlight bath the aocan
plishments and. needs , as well as these areas of research 
with a high potential for success .  

SUch review also will point cut illlbal.ances or defi
ciencies that may exist in the total national research 
effort, such as lack of :fun:ii.n;J for continued research 
after data are acquired, unavailability of the National 
SCience FcllJ'mtion (NSF) SCience Directorate support for 
individuals or universities desirin;J to umerstani 
strag-200tion research, lack of an external research 
program on stron;J groom mtion in the USGS ,  possible 
duplication of efforts by various organizations in sane 
qecgra:r;ilic areas, and possible neglect of other areas 
that desezve study. 

stroD]-mtion data will be nme widely used as they 
becaoe readily available in a unifonn and user-frien:il.y 
fonnat.  'Ihe rn.nnber of people who use the data for re
search and aR>lication also can be expected to increase, 
particularly if financial support for such activity in
creases . Guidelines are needed as to the annmt of sup
port required for the analysis of existin;J data bases ;  
such support has been inadequate in the past . 

'Ihe NSF Enqineerin;J Directorate plays the lead role in 
research :fun:ii.n;J of stron;J tootion studies for earthquake 
en;Jineerin;J p1rpOSeB . 'Ihe USGS also carries cut research 
in stron;J mtion, :but such research is confined to its 
internal pxogz:am. Many of the other federal agencies 
concerned with earthquakes, although primarily mission 
oriented, have need for research on specific aspects of 
the subject. 'lhis is particularly true of the regulatory 
agencies . '!heir requirements or needs should be iden
tified alon;r with methods of makin;J research funjs avail
able. 

COOrdination of Stl:aq-Mation Activities 

'!here always will be sane military or imustrial needs 
for st.ronJ-IOOtion data that require the data to be exclu
sive property. 'Ihese , however, should be a small percen
tage of the total annmt of data acquired. Researchers 
at universities am in qoverrunent agencies cannot claim 
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the right to exclusive use of data acquired by them \\ben 
the S\lR)Ort for both operation of instruments arxl for the 
research OCIIIeS fran tax mcney. 'lberefore, the great ma
jority of st:rorq-JIDti.on data should be made available to 
all interested parties as socm as possible. When a uni
versity or gcvemment �zation receives research 
S\lR)Ort for st:rorq-mction data acquisition, it should be 
with the � that the �zation aooepts the 
responsibility to make the data available to those who 
request it. To minimize the effort involved, this can 
best be aCXXIl1plished by sul:anittin;J it to a sin]le col
lection �zation, which has the respa1Sibility to 
disseminate eJqJE!ditiously and ardli.ve the data. 

However, coordination of st:ral;J-mction activities 
involves mre than sharir¥] data. In sane cases there 
might be redlllmncy am::n;J agencies in operation, re
seardl, arxl applications. Even worse, there may be 
qeograprl.c areas or particular topics in research and 
application that shall.d have a high priority bit have 
been overlooked or are not bein] � . OXItinui.n;J 
review of the u. s .  st:rorq-mction plan will note such 
inequities and make � ""ermtions to rectify aey im
balances that exist. A mre efficient arxl productive 
national effort will result fran the coordination of the 
� of federal , state, arxl local gaven'1llllel1t 
agencies and others . 

'!be cxm1on interests and goals of the Tllf'lllhers of the 
erqineerir¥] and seiSlll)loqical oaamunities must be eqila
sized to produce cooperation rather than unproductive 
cxaupetition. Although the various agencies (e.g. , USGS, 
NSF-ED;Jineerir¥], NSF-Farth SCiences , an:i state pro
grams) often dj solSS matters of mutual interest on an ad 
hoc basis, there is no fonnal procedure for doir¥] so. 
'!be same is also true of the coordination of the various 
program elements of universities, government agencies, 
an:i private corporations. 

F'l1l'xtirq of stialg'""Mation Activities 

To a certain extent the developnent arxl funtin;J of the 
st:rorq-JIDti.on program have been evolutionary as a result 
of many factors, inc:ludin] requirements to meet special 
needs . For example, followirq the 1971 San FeJ:narno 
(california) earthquake which seriously damaged hospitals 
an:i dams, the Veterans Administration placed strcn;J
tootion instruments at all of their hospitals in seismic 
za1e 2 or higher, the U. s .  � cmps of Ergineers arxl 
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the Bureau of Reclamation installed instruments at dams 
in earthquake-active reqions, arxl the Nuclear Regulatory 
CCmni ssion provided support for strarg-mction instruments 
in central arxl eastern North America, whel:e the majority 
of nuclear power plants are located. 

'!here is a need to identify all the gove.rmnental agen
cies arxl private organizations havirg an interest in the 
operation of strarg-mati.on instruments, in :researdl, arxl 
in the application of strarg-mation data arxl :researdl. 
By oonsiderirg the integrated needs in a national strarg
motion pzogram, a better balance will be achieved with 
regard to the a:namt arxl type of support that eadl of the 
agencies arxl organizations will be expected to oontri
blte . '!his will have the a&iitional advantage of provid
irg Dm'8 rational choices in the preparation of bldqets , 
which are made years in advance of actual OCIIIIllitments .  

FLlrxli.rq considerations for the national effort shcul.d 
take the broad perspective. 'lhey need not be conc:emed 
with bldgeta:ry details, bit shcul.d present overall dollar 
needs (with qd.ons) arxl a breakdown into large cate
gories, al� with the names of agencies that logically 
can be expected to provide the support in each of the 
cateqories. SUch a plan will provide a realistic assess
ment of all the 1laleY that is spent on strarg-mation ac
tivities in the oount:ry . 

'!his report of the Panel on stron;r Motion Instrumen
tation presents an evaluation of the a.Jrrent status of 
strarg-mati.on activities arxl needs for the illmediate 
:fub.ma. In such a dynamic arxl rapidly evolvi.rr;J area, 
continuals oversight arxl updatirg are requil:ed, espe
cially in instrument developnent, data prooessirg manage
ment arxl dj ssenination, arxl :researdl developments, in 
omer to unierstarxl the �ics of the ea.rthquake rupture 
p:rcx:ess , the effects of the radiated waves on the motion 
of the grourn, arxl the response of structure to ground 
motions . 

'!he panel , accordi.n:]ly, l&XIwet.ds that the camnittee 
CX'l Earthquake Ergineerirg arxl the camnittee on Seisloology 
of the National Research camcil establish a conti.m.ti.rl;J 
joint sulxxmni.ttee on the u . s .  stron;r-+btion Program. 
'!he responsibilities arxl activities of this pzoposed 
suhcxmnj ttee are presented in "overview am Reccmnenja
tions" al� with other reo "u•emtions. 
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.APPniDIX: 
SUMMARY OF S'I'R:.NG-MJI'IOO INS'IRJMENl'ATIOO 

EFFORI'S rn 'IHE UNITED STATES 

A no:re detailed listirg of organizations an:l instru
ments is given in the report of the santa Bal:bara Work
shop (Iwan, 1981) . 

Organization 
Number of 

Instl:une'lts 

california Division of Mines an:l Geology 
U. S. Anrr:f COl:pS of :ED;Jineers 
u.s.  Geological S\lrley 
Pacific Gas ani Electric catpany 
State of Washi.rgton 
University of Srut:hern california 
Department of Energy 
Bureau of Reclamation 
Veterans Administration 
Nuclear :pc:1Ner plants 
california Department of Water Resooroes 
University of california, Los Argeles 
los Argeles Department of Water ani Power 
U.S. Navy 
Federal Highway .Administration 
Met:rqx:>litan Water District of SOUthern 

california 
SOUthern california Fdison catpany 
Los Argeles Flood control District 
University of california, San Diego 
International Illsiness Machines catpany 
COlumbia University 
_Stanford University 
california Institute of Technology 
Washington Department of Transportation 
Idaho National :ED;Jineerirg Laboratory 
lawrence Liverm:>:re National Laboratory 

Buildirgs instrumented in cities usirg Unifonn 

500 
350 
275 

91 
90 
81 
80 
70 
65 
62 
70 
36 
35 
35 
30 

30 
26 
25 
21 
20 
18 
15 
15 
15 
15 
15 

Buildin:J Code 321 
Instl:une'lts installed by varioos 

organizations 325 
'Ihe City of los Argeles requires owners of 

large buildirgs to install ani maintain 
stron;J-notion instruments . 'Ihis is the larg-
est uncoordinated collection of instruments. 500 
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