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VISION SUMMARY

r _ "" ""

operated by the US Geological Survey. Options for operation of the program are presented in a
companion document.

l:1_.1.~~+1.~+1..~~_._'~. .~+1.~l:1UDD '1" +~+1.~.";~;~_,, ;~
~--_. _. _.- .... _- '-.1-- _. --- ~.~~ , _ "" _ -- .~- .~

addressed here. The "Vision Summary" through a series of answers to specific questions is intended to
nrovide a comnlete svnonsis of the committees resnonse to nrmrram council chaTl!es. The Vision for the
Future of the NSMP is presented as section III ofthe Summary.

A • • "nrl·1
., 1 l' tl.", in tl.", "'"'" " ""

-.,I -rr -". . .,1 _

organized according to the charges of the program council. The mission for the program is adopted from
that develooed at the national workshoo entitled "Research Needs for StrOlll! Motion Data to Suooort
Earthquake Engineering" sponsored by the National Science Foundation.

I - CONTRIBUTION OF STRONG-MOTION MEASUREMENT TO EARTHQUAKE HAZARD
MITIGATION AND LOSS REDUCTION

....... ..,.. ·.L ., '.L • •. .. no

.a.av ~ _" .. v _ " J •

• Staggering losses from recent earthquakes impacting Northridge, California ($15 to $25 billion, 64
Ii.,....\ "",r1 Y ",,1,.. T.......,,'" 1-... -r 11\1\ \,.;11;",,_ "",r1 .c:: .c::1\1\ li.,~~ \ ..1 +1... ~~

Of , -r , 'f 'J __

moderate earthquakes on modem urbanized societies.
~ i_ 1._~~..I ~_ . ~_~~+. 1 1 +1._+ _~"+" ;_ li.m"

- '- - _ ~ 'OJ _ ,~.~-~

and property from a future major earthquake in the United States could exceed $200 billion dollars,
cause several thousand deaths and sil!nificantlv imnact the l!lohal economv

Why are strong-motion recordings critical for significant improvements in public safety?

• Pubhc safety requITes that man-made structures resist strong, earthquake-induced shaking.

• Strong-motion recordings are the quantitative in-situ measurement of shaking and the resultant
dynatnlc pertormance ot structures needed to bUild and strengthen the built enVITonment to resist
future earthquakes.

• ~trong-motlon recordmgs are the baSIS tor all current earthquake-resistant deSign, construction, and
renom: coaes ana practice.

• Strong-motion recordings are the basis for a significant proportion of the research products produced
oy me u~u~ as specinea in me l' Y 1':1':11 ~H.Kt' ~-year plan.

• Strong-motion recordings are necessary for real-time damage assessment and emergency response in
aenselY uroanizea areas as Dom errons require aense sets ot on-scale measurements ot aamagmg
levels of shaking on and near structures in earthquake stricken areas.

• 1 De presem scarcny 01 quantitative measuremems or grouna snaKmg ana ItS aamagmg errects on me
built environment is a major obstacle to reducing future losses of life and property to manageable
1 .1 ..'" ,"'....

What are strong-motion recordings?

• Strong-motion recordings are on-scale recordings of the main damaging earthquake at locations of
most significance for public earthquake safety.

• Strong-motion recordings are recordings of the main shock often on or near structures in denselv
urbanized environments, within 20 km of the earthquake-rupture zone for sites on rock and within
about 100 km for sites on soft soils. Recordings of motions at levels sufficient to cause damage at
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sites at greater distances also are of interest for earthquake engineering in areas likely to be affected
by large subduction zone earthquakes or in areas with exceptionally low attenuation rates.

Why is the present set of US strong-motion recordings inadequate?
• No recordings ofany major (Mw> 7.5) US earthquake at locations experiencing damaging levels of

• No recordings of any high-rise, steel-moment frame building within 20 km of a moderate to large

• No recordings of any critical lifeline at damaging levels of motion, such as the six major bridges

levels ofground shaking, .

,
buildings, pipelines, and highways are being built on such deposits each year,

•

that occur near the fault rupture and are expected to cause catastrophic losses for cites such as
Ha ard Oakland and Berkele CA

.r ment to actual dama in
levels of earthquake loading,

•

amaging ea e an urgen

• If thorough sets of strong-motion recordings of the next major earthquake are not obtained on and

missed,

offuture earthquakes will increase exponentially with time as urbanization increases.

necessary resources to prevent another major missed opportunity.

• Estimates derived on the basis of recent National Seismic Hazard Maps (Frankel, et aI., 1996) and
,

7,000 for ground-motion, 7,000 for buildings, 3,000 for lifelines, such as bridges and pipelines,

assessment.

What resources are required to record a specific earthquake in one of the areas with high

• Estimates of the density and location of strong-motion stations needed to record a specific
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What is the proper role and function of the NSMP within the EHRP and the Earthquake
Engineering Community?

• The National Strong-Motion Program (NSMP) as mandated by the Earthquake Hazard Reduction
Act of 1978 should enhance and continue to strive to significantly improve public earthquake
safety through the fulfillment of it's national responsibility to record the main earthquake at
ocaUons 0 most slgrn lcance or pu IC s ety.

• The NSMP should continue to concentrate on the problem of recording each large and damaging
ea qua e m e rnte tates on an near man-rna e structures oug ou amage u an
areas. No other seismic monitoring program operated by the USGS is focussed on this urgent and

• The NSMP should continue to coordinate federal efforts, help integrate state and local efforts and
, ,

according to a standard that can be used by the earthquake resistant design and retrofit industry as. . . .

• The NSMP should enhance and continue to facilitate, coordinate, and integrate through existing
f En in r

California De artment of Water Resources De artment of Veterans Affairs General Services
Administration, Hawaii State Civil Defense, Metropolitan Water District of Southern California,
Oregon Department of Transportation, University of Puerto Rico, U.S. Department of Energy,

eo oglca urvey, as ngton, Ity 0 er een, as ngton, acoma u IC tiltles,
Washington Dept. of Natural Resources, Washington Department of Transportation, Property

, ,
other significant strong-motion programs, namely that of the California Division of Mines and

• The NSMP should support and be an integral part of a new National Consortium of Organizations
,

measurement of strong motion for public earthquake safety.

,
dramatic increase in resources needed to meet critical on-scale measurement needs for damaging
earth uakes at locations of si 'ficance for ublic earth uake safet b the ear 2005 Ste
1997). Costs of instrumentation range between $200-500 million.

• The NSMP should continue to cooperate and support the efforts of both the engineering and
seismology communities. It needs to support efforts of several committees, including: Committee
for the Advancement of Strong-Motion Programs, appropriate committees of the National
Academies of Science and Engineering, the Strong-Motion Committee of the Earthquake

ngineering esearc ns i e, e eismo ogy ommi ee 0 e ruc ra ngineers
Association of California, the California Strong-Motion Instrumentation Program of California. .. ..

others.

implementation of the NSMP as recommended by the EHRP five year review panel. It should

(CSMIP) whose advisory panels have proved very successful in meeting public safety needs.

What are specific activities and functions of the NSMP that should be continued under the EHRP?

• rgency an natIOn nee or strong-motion recor mgs 0 eac damagmg ea qua e argues
strongly for restoration and expansion of NSMP funding and staff levels as quickly as EHRP
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especially sensitive sensors and continuous telemetry in order that earthquake locations and magnitudes
can be rapidly inferred at a central data collection center. Most of these network stations have not and are
not expected to experience damaging, strong ground-motion levels exceeding, for example, 0.2 g.

The second type of recording, tenned "strong-motion" , refers to recordings of the main earthquake at
locations sufficientl close to the source that resultant shaking levels are of sufficient amplitude to cause
damage. These recordings are required to understand strong ground shaking and its effects on the built
environment. These locations are generally within 20 km of the source for rock sites and less than 100

om e causative rupture zone or sites on so SOl. ecor mg ocatlOns on an near man-rna e
structures throughout stricken urban areas are of special significance and importance. This type of effort. . . .. . .... .. ..

a different type of sensor known as an accelerometer. The sensors must be capable of sensing and
.. .. .. .. ..

this amplitude down to levels which pennit quiet seismic noise levels to be well resolved. Because of
vulnerabilities of telemet s stems, stations desi ned to record the main shock in areas of damaging
shaking must record the data on site which in tum requires different procedures for data collection and
dissemination.

Historicall different ob'ectives different es of re uired recordin sites different instrumentation
requirements, and different primary user groups have led to separate projects within the NEHRP for
operation and maintenance of "weak-" and "strong-"motion networks. Recent planning for the future of

e as con uete m part yean manange un er e auspices 0 t e program counci
require that these differences be reevaluated in light of modem instrumentation developments to

,
led to an order of magnitude more USGS, NEHRP resources being devoted to "weak-motion" networks

It .. 11 .. .. ..

much more frequently experienced at a quiet site than are large damaging levels of motion in an urban
environment. As a result a re onderance of resources and research interests of eo h sicists and
seismologists have gravitatd toward instrument installations and studies based on "weak" motion data for
which results can be derived in the short tenn. This unfortunate imbalance means unless significant new
resources are deployed to record the main shock of the next damaging earthquake sequence at noisy
oca ions on an near c es III e s nc en ur an areas, ano er impo oppo ni y 0 0 e a

giant leap forward in reducing the catastrophic losses of future earthquakes is going to be missed.

This document through an extensive summary and detailed supporting discussion and analyses is intended
to objectively examine the future role and importance of a national effort to record earthquake generated
s mg. ocuses on e pro em 0 quan live measuremen 0 e s mg genera eye main
shock at locations throughout damaged urban areas, in order that shaking and its effects on man-made

supported networks, and 3) the future role and function of the NSMP.
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An extensive set ofprevious workshops and reports have documented the importance and need for strong-
motion measurement in urban environments. A thorough review of these past assessments of need is
provided by Nigbor (1997). Arranged in chronological sequence these previous reports are:

Earthquake Prediction and Hazard Mitigation Options for USGS and NSF Programs, (Newmark·
Stever Report, 1976),

On the development of strong-motion instrument networks in the United States, (Matthiesen,
1978),

Proceedings, Strong Motion Earthquake Measurement Arrays, (Iwan, 1978),
n~ ~trona- ~ ,...... . and .. ' 1980)

Proceedings, US National Workshop on Strong-Motion Earthquake Instrumentation, (Iwan,
198])

National Planning Considerations for the Acquisition of Strong Ground-motion Data, (Borcherdt,
et al. 1984)

National Plan to Record Earthquake Motions on the Ground and in Man-Made Structures,
(~nudich et al 19R,\)

- ... .
n" D • N ....r1 .. f'nr ~tTn"n_"" n",t", tn n - .. .- .. -'" ..

Engineering, (Higgens, C.J. (ed), 1993),
- .. - .. .... anrl Rio;:li- .... ~u •• fnr PURl> 'i_V.."'r- . ~ -

Plan, (Borcherdt and Frankel, 1997),
~ .. V;o;:;nn '00,\' An A,..tinn Plan fnr ~trnna_ .... tn ... , .. - .. .- - - -Losses in Urbanized Areas, (Stepp, 1997).

Th~c:e: rennrtc: .. an' .. .. nn the: ne:e:r1 :md . nf' o;:trnna.. . . . ....
motion data. This need as initially envisioned still remains with the impacts of recent earthquakes
emphasizing that the need is ever increasin,g at a rate commensurate with urbanization.

1-- STRONG-l\IIIITII IN IolIU ...IolIJINI;~ THE D ACTC, FOR PlTRT.Tr EAK I H II TAKF. SAFF.TV

THE EARTHQUAKE mREAT TO PUBLIC SAFETY
n 1n........ 4;.n.... r .." .."t .. . , . .. ~ .~ • 1ll'1, tn ll',), L:11: __ .<::A 1:••__\

...... "0 • _ _ , ". - ," . ~'" ,

and Kobe, Japan (> $100 billion and 5500 lives) clearly demonstrate the potential impact of moderate to
larl!e earthauakes on modern urbanized societies. If a maior earthauake imnacted some denseIv urbanized
areas of the United States in the near future, life and economic losses are estimated to be least twice as
large. If these same earthquakes were to impact the areas in thirty to fifty years without any dramatic
changes 10 earthquake safety, losses could reach tens of trillions of dollars due to increased urbanization
with inadequate safety standards. These tremendous potential losses with catastrophic and global

. argUt: sLrungly ror uramaticauy acceleraleu programs LO improve pUOlic eannquake saIety
as quickly as resources permit.

Reduction of life and property losses to low and manageable levels requires significant improvements in
both Hazard Mitigation and Emergency Response. Quantitative measurements of strong shaking referred.. " . . . "LU i:1.S sLfung-

'"'
are wt: cnucal anu presenuy scarce elemem: essenual ror slgmIlcant

progress in both areas. Modern technology offers important new opportunities to acquire these
recordings.

'D
1,)
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IMPORTANCE OF STRONG-MOTION RECORDINGS IN REDUCTION OF EARTHQUAKE HAZARDS
AND LOSSES

Earthquake shaking is the basic cause of most earthquake loss. It causes the collapse of buildings,
bridges, and other man-made structures, which in tum is the principal cause of loss of human life and
property. Reduction of these potentially catastrophic losses requires that future and existing structures be
constructe an strengt ene to resist ture strong, qu e-m uced s mg.

Strong-motion recordin s of shakin are the basis for all earth uake resistant desi n, construction and
retrofit practices. They are the recordings of the mainshock at locations of special significance for
improvement in public earthquake safety. They are the quantitative measurement standard on which all-
empin e lma es 0 s mg or an mternatlo UI mg co es are as. ey are e
measurements of strong shaking in locations of most significance for society, namely those locations of

.. .. .. .
, ,

provide quantitative measurements ofnear-source seismic radiation.

Specific Hazard Assessment, Ground Failure, and Response ofStructures.

They are the basis of attenuation relationships used to predict ground shaking for purposes of National
.. . ...... .

For many issues important in earthquake safety, advances will not occur until a major earthquake
.. ". . "" .

the strong-motion data collected in the next earthquake, so that society will not be forced to wait until the.. .

Strong-motion recordings also are essential for real-time damage assessment and emergency response in
. . .

levels of shaking throughout stricken urbanized areas. Such measurements and in fact, anyon-scale
.. ... . ... ..

SCARCITY AND NATIONAL URGENCY FOR STRONG-MOTION RECORDINGS

The collection of strong-motion recordings in densely urbanized areas of significantly damaging. ..

earthquake in the United States, yet billions of dollars in property and thousands of people are located in
regions expected to experience shaking from such an event in the future.

, ,
instrumentation and associated maintenance resources is needed in order to ensure that the next tragic
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event is adequately recorded and the costs in life and property associated with subsequent events do not
continue to have even greater global consequences.

SPECIAL PROBLEMS ASSOCIATED WITH ACQUISITION AND DISSEMINATION OF STRONG-
MOTION RECORDINGS

The scarcity of strong motion recordings attest to the difficulty in acquiring these cntically needed
measurements oflarge earthquakes. Several factors contribute to this difficulty, including:

1) The infrequent occurrence of large and damaging earthquakes,
'"l'\'T'L ____ ...I .._ ' , . ... t- "it-",,, f"nr • • nf" timPo nfl-Pon
~I £ .............-.& ~'"" "" 't:>. r

longer than the life-time of the instrumentation and the employment intervals of the program staff
("0-100 vear!O:)

3) The necessity of maintaining long-term personnel, funding, and administration resources and
• • ~--.", ..... ,.1 nf"t-l..", . ..... ,.1 ,. nf'

'J .LV

resultant data,

4) 1 ne necessity or
. , ....

• "~, mul,;u U1 u~e;; In uruan an::as -uIr--a:lKr 1J"'~1 ,. .. . . .•1. ' _1. .••• ..L_.. .J ..~+ ..",~i+... , . ,~ .......... w .... IUV""J -....- -' r

the stations to be used for other seismicity monitoring purposes,

-- ..
;)) Ine necessity to maintam Instrumenuuion in a ne;;ar 1VV pe;;n;e;;m • Iuuue;; LU," "'CUI I ~"'Vl U

and withstand shaking levels up to 2 g, but may not provide data of much interest to scientists,
• '.J .LI' _~1:,~, ..... ":.. +l.~ . . "~~P~... , ...1 ... t' ..... YV'''-J '0 J ,

6) The necessity to maintain instrumentation with on-site recording capability for long periods of
time, pernaps aecaaes, oecause or SnaKing vu

...
or '01 ,

7) The need to maintain an instrumentation program whose first order user is the Earthquake
Engineering Community comprised of a wide range of dIsCIplines m an orgamzation ot
predominately earth science disciplines.

STRONG-MOTION INSTRUMENTATION NEEDED TO IMPROVE PUBLIC SAFETY

An efficient and effective effort to thoroughly record the next major earthquake in the United States is
clearly the highest priority earthquake measurement need of SOCIety. This efiort needs to proviae a·
thorough set of measurements at the locations of most significance for society, namely those locations.. .. . .......
near me source ana near ana on lUaU-llIaUI;; UIe;; "J _Q ",I","". J.11\..""

strong-motion recordings need to be obtained at distances from the source less than about 20-25 km for
_:.. _ ~ .. p~~I. __ ...I 1___ +i:~_ I f\f\ 1._ ~__ .. ;t-",~ n .....nil .... ...+ +l..",~", ..........~ . ... ..,.1 • •
"'u....., v., 'v...~ ...,,-.& ......,.., -
made in near-real time are required for near-real time disaster assessment and implementation of near-real
time emerl!encv resnonse canabilities.

Estimates of the number and distribution of instrumentation needed to record the next earthquake are
, f"~p ~.+..__' ~. n... ... ' ..,.... 1'" ...... 'nf' thp

... .. ......- . r
general distribution and amount of instrumentation needed. Estimates on a regional scale provide insight
::l!O: to .~ 1nc::ltinn!O: ::lnrl :tmnuntc: of instrumentation needed on scales of a few citv blocks, Estimates
on a regional scale also to provide insight as to where instrumentation is needed for purposes of near-real
time disaster assessment and emergency response.

Strong-Motion InstrumenUifion~eeas-- As ~stlmate(J on a National Scale

The US national probabilistic seismic hazard maps (Frankel et aI., 1997), recently prepared for the
1'.J'.J I Kecommenaea l'I'" H ...... tlUilaing \",ooe rrovisions proviae a rigorous quantitative oasis on wnil,;u LU

develop a coordinated strong-motion measurement program. The maps together with information on
.~ n
IJ ..,
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population distribution provide the basic infonnation needed to identify earthquake source zones and
urbanized areas most likely to experience damaging levels of shaking. The maps prepared on a national
scale with grid elements approximately 100 km'" in size pennit general areas of highest pnonty to be
identified for earthquake instrumentation.

More detailed maps showing areas of highest priority are required at a scale on the order of a few city
blocks in order to identify final locations commensurate with locations of man -made structures. The
maps provide a basis to evaluate the likelihood that stations presently instaIled will experience and record
strong SnaKing witnin some reasonaole tuture time perioa, sucn as 1uu years.

A preliminary estimate of the instrumentation distribution needed to record ground shaking IS
summarized in Figure 1 and tabulated by state in Table 1. These estimates are based on the annual
exceedance rate for O.lg as calculated for the national seismic hazard maps (Frankel et aI, 1997). They.~ . " . . ... ~
an;; S. un au. 1 Xu. 1 ue;;gn;;e;; ~- 1UU JUIl } gnu lur me;; unllurrn gruunu lUlU LU llalU 1U\,;JI,.

corresponding to NEHRP site class B (an in-depth treatment is provided by Borcherdt et aI., 1997). The
• ••• • • ~~ •• .,.. • ~.. +1..:~ ~ ,~~":.,1 .,1 +. ~ ..~~_ +~.~ •

~~ ..- , -..- ~•• _ ..u u_••_ O"~' .~ uuw~ ,~ ...._. _.- •

annual population exposure to ground shaking level 0.1 g or higher. Grid cells with an annual exposed
nonulation nf 3 nennle nr le~~ were cnn~irlererl nf Inw nrinritv anrl elimin:lterl The final estimates of
j!;round shakinj!; are specified for each cell as the maximum of the amount of instrumentation implied bv
the proportion of exposed population to 0.1 g and the amount per cell proportional to the annual
exceedance probability for 0.1 g.

With corrections to account for soft-soil amplification effects this procedure suggests a total number of
ground-motion instrumentation stations for the United States of about 7500 (see Table 1). The map
(Figure 1) and Table 1 indicate that the largest amount of instrumentation is needed in California and is
concentrated in the areas of San Francisco and Los Angeles. Other concentrations of instrumentation are
m toe t"onlana, uregon ana ~eattle-laComa, wasnmgton areas; toe central U~ (~amt LOUIS, Mlssoun;
Memphis, Tennessee; Chicago, Illinois), and the eastern US (Philadelphia, Pennsylvania; New York, New
"I.' _. ~ , ,. '.. 11 l' • • l'.. • •

ol v ..~;, , WIUI ;:o...al1 v.. III a v .. VUI"'I "'11.1"';:0.

Corresponding maps for the Alaska, Hawaii and Puerto Rico areas must await completion of seismic
h~7",rrl m:ln~ Thi~ i~ ~hown to hf':1 •. .1 l'Inn thl'lt mOTf' nf'n~f' • i~.
needed in areas with high annual population exposure such as San Francisco (Borcherdt et aI, 1997).
T. ••• + .1: • • .• ..J .1:

-J , _ ., ., ,ar'

highways, lifelines, and others. Accurate estimates of structural instrumentation needs are best derived
usin2 detailed inventories. Pending develooment of such estimates one oroxv for the amount of structural
instrumentation is the population exposed annually to O.lg. These numbers as specified for ground
shaking and corrected for soil amplification suggest that more than 6000 structures need to be
mstrumented.

Recent consensus of a national workshop concerned with the nation's caoabilitv to obtain the needed
recordings of damaging shaking concluded that instrumentation for some 20,000 sites is needed (Stepp,
1997). Workshop consensus suggested that instrumentation is needed to record: ground shaking at about
7000 sites, building performance at another 7000 sites, lifeline perfonnance including bridges, pipelines,
and electric transmission facilities at about 3000 sites, critical facilities, specific emergency response, and. " . .

lO(;aUOnS al an auulUonal .:lUUU snes.

This number though large needs to be considered in the context of population exposed annually, potential
losses from future earthquakes, and present retrofit expenditures expected to exceed several billion dollars
over toe next aecaae. 1ne scope ot ettort Impllea Oy tnls amount ot mstrumentatlOn tar exceeas the
present level of resources being expended in the United States to provide on-scale measurements of the
..~• .+ +_~~~~ .• • "rl.... ..J .L ..£'.L·

., ....

.. V J..I
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Instrumentation to Record Anticipated Ground Shaking Variations and Resultant Losses in the City of
San Francisco
The ground-shaking maps (Figures 2a-2d) show that strong ground shaking varies rapidly with increasing
distance from the source and type of geologic conditions. It shows that ground-shaking at periods of I
second may decrease by more that an order of magnitude within a distance of 15 km from the source for

• ., 'T"1, ••• L', L". • • -' • • _,,~ , • ,.

~u...~ vn IV'-'A. J.n... nlap Ulal J.VI IV I~VIU _ "'" ' ....~ VJ. ~ ~

on rock, it must be located within 20 km of the source. It shows that to document rapid variations in
• O' rill'" t" 1""..1 • tl. ..t no.." ....no-... &"no '.' t" ur.....1r . mllcrt h ... nbl"...tf in- - -~ -. -... .

some locations at spacing of 1 or 2 city blocks.
A _'0.1.. .. • •• .• 0 .L r:...
... p.ua. IV ...... ,uUJV' u. Q' _ ".v ~"J

of San Francisco is shown in Figure 3a. This plan illustrates the location and number of instruments
. • tn ..... ... . nf .. ~n::lti::ll " in • . (~ • •. and

• L _ ••

others, 1997). The map illustrates that about 181 stations are needed. For comparison the estimate
derived on a national scale implies 42 instruments for the city and county of San Francisco. The spacing
of the instrumentation implied by the national estimate is illustrated by the superimposed grid with a
spacing of 1.7 km, which corresponds to about 35 stations per 100 km2

. The number of 181 shown here
emphasizes me numoer aenvea on a national scale IS a minImal numoer.

A detailed instrumentation plan based on the geographic distribution of residential and commercial losses
estimated for a repeat of the 1906 earthquake is shown for the city of San Francisco in Figure 3b (Risk
Management :SOlutIOns, me., pers. commun., l~~/J. The estimates are based on detailed mventones ot
the built environment and associated assessed vulnerabilities. The estimated losses are shown in units of
"', nnn ", , 'T"1 ••• •• • ,

.J).l ,vvv "'~l •• 1'2 ",uy VIV\,!\.. .lU~ U"'p ;:)llVW;:) U"'" Ul~ • IV;:)~~~ 'u~

in downtown San Francisco. The concentration of severe losses in parts of downtown San Francisco
tl.<llt • ; .. fl.",,,,,, <IIr",... " "l.n111r1 h.. 1'1 ...."", ", .. 1'1 ..nt ....nr.. tl.",.. <II f'..,,, hl"",lr"

-J

apart. The resultant instrumentation considered necessary to thoroughly document ground shaking
throu,ghout the areas of lar~e loss is about 110 locations. Comoarison of this amount with that (42)
implied by the national estimate shows that the national estimate is a minimal estimate for areas of high
population exposure and soft soils.

The instrumentation plans illustrated here for the City of San Francisco emphasize the need to install
instrumentation at a lar,ge number of sites throu,ghout the city in order to Quantitatively measure raoid and
large spatial variations expected in ground shaking throughout the area. These considerations suggest that

..
.~

~ ,. .J' ,1. D. ", ~,1. r ..

needed resource levels are much greater than presently available.

T, •• I I

u.u .~

Francisco Bay region
Hazard mitiQation thoUQh the desiQD construction and retrofit of earth(]uake resistant structures and near-
real time disaster assessment both require that the perfonnance of man-made structures be measured
thoroughly throughout the strongly shaken area. Consideration of the geographic distribution of the built
environment relative to expected shaking levels helps provide insight as to where instrumentation is
needed.

The geographic distribution of various components of the built environment relative to various anticipated
levels of shaking are illustrated in Figures 2a-2d. The number and percentages of buildings, transportation
facilities, schools and hospitals and hazardous material sites exposed to various levels of shaking are
summarized in Tables 2a and 2b. They show that a significant percentage of each type of major facility is
located in zones expected to experience damaging levels of motion.
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instrumentation to measure the response of transportation facilities must be located mostly on soil
deposits and would not be useful for seismicity studies.

Superposition of the built environment on the statistics compiled for the southern San Francisco Bay
region show that a large percentage of the built environment is located in areas for which the shaking
levels are expected to exceed 0.6 ~ in spectral response acceleration at 1.0 second. Statistics for hospitals
and schools in the city of San Francisco are summarized in Table 4.

T~&.l~ A ~~ ' , ~_...I ' ~- ..&.~ ~~~~- -
~-~.- - ~ - . ..
exposed to various levels of short-period (0.3 sec) spectral-response acceleration.

Sa@ 1.U s MM scale Hospitals Schools

(g) (approx.) Number Percent Number Percent

>1.0 X 6 30 121 15

0.6 - 1.0 VII + -IX 8 40 261 33

0.3 - 0.6 VII-VII+ 3 15 345 43

< 0.3 <VI+ 3 15 74 9

Total 20 100 801 100

Such areas located mostly on soils in the flatland areas ofthe region can be expected to be associated with
• • , '" ., • '" """. ••• .'", 0 A

II;; V1;;1;) UVUI ~lll;; P<l;)~ • VI. UII;; I::>,VV UVUI ;)UVlJ~.v ,.v..".... , ..

summary of statistics in Table 5 shows that of 45% of the1 079 bridges, 69% of the 16 airports, 22% of
t ..... 'J':t':t ' • , .,it..., LillO/.. ",l"t"'"" 00 ., '" .'0. ....A ,1Qo/.. ",l"t"'"" s/()1' !'lrE" ' ,,
in areas expected to experience these damaging levels of shaking. This number of 986 sites suggests a
significant comoonent of the built environment in the San Francisco Bav region will exoerience dama,ging
levels of ground shaking during a repeat of the 1906 earthquake. In addition, a significant number of
buildings corresponding to the locations shown in Figure 2a also will experience damaging levels of
shakmgo Present database does not permit dltterentlatlon ot the height and type ot buIldmg, out ooes
provide the number and location of major buildings (Figure 2a). The database indicates that a arge

, "',., ,0 ~"""..". o. "'.,.
VI. ..- ," ,vI/Will .- '"' '"' I~V~I:S VI. '..-'

The large percentages of important structures including buildings located in areas of potentially damaging
ground shaking suggest that a large number of sites need to be instrumented in order to thoroughly
measure me seismic penormance ot me ouilt environment. An instrumentation plan to IDorougOly
document the performance of the built environment in the heavily damaged area must consider each of
..L d A n.n.n. • , ·'·..1 . ~ • ,. 0 1:.
...v ...V..... L...... rvvv ~ ......~ . LV -c '0 '0 ..... ....,...--.:Jr' ·0 ....... .."'.
instrumentation. If only 10 percent of these structures were instrumented, then about 400 structures need
to he . . in the ., ~an ~ . Rav r~O'ion in orci~r tn th~" ~

of the built environment to a repeat of the 1906 earthquake. The tabulation for hospitals and schools in
the city of San Francisco (Table 4) emphasizes this conclusion. It shows that 70% of the hospitals and
48% of the schools are expected to experience 0.6g or greater spectral accelerations.

Th~!::e
. ,

ofth~ . tn th". ~ nf th". hnilt environment
suggest that needed resource levels are much greater than presently available.

Instrumentation for Disaster Assessment and Near Real Time Emergency Response for the southern San
~ . ~ ... ' DUy reglUTl

Reduction of loss of life and property immediately following earthquake disasters can be dramatically
. if t..... . .,nrl 0 nf" ,.",n h.. 0 •• • - _. 0 0

• '. -c -.
technology now permits such assessments to be made in densely urbanized areas within a few minutes of

_. -
,,1 J.J
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the occurrence of the event. Such quick assessments can significantly improve emergency response
capabilities. Rapid assessments can speed-up treatment of injuries, reduce the number of casualties,
facilitate evacuations, if flooding or fire are imminent, and pennit more rapid and efiicient deployment of
emergency operations.

Modem instrumentation with telecommunication capabilities pennits areas of strongest shaking and the
perfonnance of structures to be quickly assessed. Instruments on structures such as buildings, bridges,
freeway overpasses, and dams permit rapid assessment of probable Damage State within a few tens of
seconds ot the start ot shakIng. Such rapid Intormatlon permits efiiclent dispatch and routing ot
emergency response resources. Measurements on lifelines such as electric power transmission facilities,

-' "" -,'-, '" ••• .11 ,... • -'I:" ••••
5""" v , v ~......... ....vn u~ ..vn r v ..

disaster. Reducing the time for disaster assessment and resultant emergency response from hours to a few
can ~ave untold of life and T ••• the" of

modem technology to disaster reduction now exist for Yokohama, lipan and a few other public and
private agencies.

Instrumentation deployed for near-real time disaster assessment purposes must necessarily be located on
and near in the heavilv • • .• arf>~~ T • in ~lIch • . al~o can

serve to orovide the stron2-motion recordin2s of the main earthauake needed for imoroved earthauake
resistant construction and hazard mitigation. Equipping selected strong-motion stations with appropriate
telecommunication capabilities could be a cost-effective means of improving emergency response and
thereby reducing the disastrous effects offuture earthquakes.

Ground-Motion Instrumentation -- Instrumentation deoloved to assess g;round shaking; levels and their
potential impact on the built environment for purposes of disaster assessment must be deployed
throughout the urbanized areas likely to experience damaging levels of shaking. Instrumentation on a
gnd With spacmg ot L kIn IS being used tor the network Installed In Yokohama, Japan. ThIs spacmg
allows rapid decisions on a scale appropriate for rerouting of emergency vehicles. It pennits relatively
., .,. t".. .. . " . T.·.·.. .,... ,.., .

_ 1l;;11ll;;1" V.l ;:'}l4U41 III n I;:' 1i:l.1!)l;;1 Uli:l.1I UIl;; I. II·..UI. ....

specified for the cells of highest population exposure used herein to derive the national estimate. It
thJ'lt o;:nmp. '\O_R'\°1n nf' th.. <;:trnna_ inO;:TJ'll1 ..r1 f'nr ._-.... ... ...

measurement purposes in cells of highest population exposure should be equipped with near-real time
communication capabilities.

"'" r - ,....,., ,. '.~ ••
-- ._.... ---~ or OJ .-

performance, if equipped with rapid communication capabilities, can also serve disaster assessment and
critical emeroencv resnonse An ,.,.. ,. .•.. that-
instrumentation be installed on and throughout various critical structures, in order that the damage state of
the structures can be assessed and appropriate emergency actions taken. Rapid knowledge of the extent to
which critical structures such as bridges, highway overpasses, hospitals, emergency response centers,
telecommunication centers, fire stations, power facilities and others are damaged is especially important
lor emergency response purposes. lUl eSSential aspect or any near-real time eannquaKe nazara
monitoring effort must necessarily be an instrumentation network established with locations on and at

" .1 t" .,.. l\. ....~~ .. ~C.I.~ ~:..' c. '" • . L .,.
-_OJ -~ ..-- ~-._~ ~-- -~ ~"-"o... --- ~- ..----

critical facilities in order to serve a dual monitoring purpose.

eration or me geograpnic aistriouIion or me ouin environment lor me soumem ~an l'rancisco nay
provides some insight as to the amount and distribution of instrumentation needed for disaster assessment
and emergency response purposes. The maps (Figures 2a, 2b, 2c, and 2d) suggest some 25 to 50 percent
nf'+h.. . ...' • +" . +...~ .. ~ "C.1. ~1.~.. I..1 .1~~"'~ ..~~..1 .~

t" ,- .~ ..-- ...~- .. - -~-- .....

assess the damage state of the structures in near-real time. Instrumentation equipped with near-real time
telecommunication caoabilities at these sites would serve the dual Durooses of hazard mitil!ation and
improved emergency response.

L.L. U
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II -- REGIONAL AND NATIONAL NETWORK EARTHQUAKE RECORDING EFFORTS

of resources being expended in the United States to record the next tragic earthquake at the locations of
most significance for society. This discrepancy and the urgency of this national need argue strongly that
present efforts need to be augmented wherever possible. Resources as currently available in national and
regional seismic networks and in the state and federal strong-motion programs are reviewed. A detailed
description of the NSMP as operated by the USGS is described in the next section.

NATIONAL AND REGIONAL SEISMIC NETWORKS

The stations are, for the most part, underlain by rock in parks and remote hilly areas away from cultural
. ., .. ...n

ex osure.

Individual universities and the USGS operate the regional networks. In addition, a national seismic
~ . ...

the USGS in cooperation with the IRIS. A consortium of the national network and the regional networks
has been or anized as the Council for the National Seismic S stern. This consortium corn rises 2115
stations as recently compiled by Malone (pers. commun., 1997). Of the total number of stations, 1772
stations are classified as short-period regional stations, 183 are classified as broadband stations, and 160
as digl strong-motion stations.

To investi ate the ossible use of these sites as sites to rovide stron -motion recordin s the locations of
the short-period and broadband stations are plotted on the map showing the annual exceedance rate for
O.lg ground motion level (Figure 4a; from Frankel et al., 1996; Borcherdt, et aI., 1997). The maps are
co ore so at areas or w c e annua rate 0 excee nce IS ess n. IS s own 10 ue. n e
average areas shown in blue or with no color would not be expected to experience ground shaking levels. . .

indicates that some stations in California, a few in Washington, Nevada, and Montana are located in cells
2 • • . •

To further evaluate the possibility of using network stations as strong-motion sites the short-period,. .. .

(Figure 4b) and California (Figure 4) showing average annual population exposure to O.lg (Figure 4b;. ..

exposure of the built environment. Evaluation of the station distribution shown on the two maps shows
that a majority of the network stations including the stations termed digital strong motion do not tend to
be distributed according to population exposure, but instead show a more uniform distribution.
Evaluation of the network station distribution at this scale suggests that a majority of the stations would
no e expec e expenence. g unng a year we 10 erva . sma percentage, per aps
percent are located in 100 square krn cells for which the annual population exposure to a O.lg exceedance
level is expected to reach relatively high levels of about 2000 people.

o IOvestlgate possi e locations for strong motion instrumentation one step further the locations of the
network stations are superimposed on the predicted ground shaking map for a repeat of the 1906

" .... .
w e eSI 0 10 e CI y 0 an ranclsco an

stations located on rock in the hills above the urbanized area of the San Francisco peninsula that could be
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expected to experience spectral accelerations corresponding to pga levels greater than O.lg. The map
shows these 12 sites, if equipped with industry accepted strong-motion instrumentation, could be used to
record damaging levels of motion. Recordings at these sites would be of interest or stu ymg e nature
of near-source seismic radiation, but not for ground motion measurement for purposes of damage
assessment or performance of the built environment.

Consideration of the location of stations at a detailed scale shows that the locations required for the
regional and national network stations are, with the exception of a few stations, not appropriate for strong-
ground motion measurement purposes. tatlOns oca or purposes 0 momtonng selsmlci are
necessarily located away from cultural noise sources at sites underlain by finn to hard rock. Strong-
mo ion ions mu . .,
noise levels, which are often underlain by soils. This evaluation clearly establishes that network stations
. .. . . . i for

purposes of measuring of strong-motion.

networks. The difference in the seismic background noise level at the two types of sites implies that
. . .,. ., For the most art

ion measurement needs are different than those used to meet seismici
monitoring needs.

types of instrumentation also are best suited to serve the different purposes of the EHRP. Instrumentation
. i not cost effective nor best suited to meet the s ecific u oses chosen for the

different types of sites, even though modern instrumentation is ever improving and becoming more
versatile. Seismicity-monitoring equipment needs to be highly sensitive with continuous telemetry. Only
those seismicity stations located on rock at distances less 20 om arge potentia ea qua e
sources need be concerned with installing strong-motion accelerometers and on-site recording
capa i i ies. imi y, .,. . .
in densely urbanized areas need not be installed with highly sensitive sensors to record distant seismicity... .... .
with capabilities to send all wavefonns via telecommunication because of telemetry costs. Stations
'nstall d for disaster assessment u oses and near-real-time emer enc res onse must be installed on
and near man-made structures, such as brid es, hos itals, etc. These stations must be equipped to both
record strong shaking on-scale and rapidly communicate this infonnation via telecommunication lines to
emergency response centers. These strong-motion stations should be equipped with telemetry capabilities
that pennlt a vanety 0 trave -time, amp ltu e, an uratlon parameters to e transml e in near-rea ime.
These distinctions in the types of instrumentation imply that the different types of stations must be. ..... . . . . ..

Another difficulty in the use of various on-scale measurements for earthquake resistant design and retrofit
practice IS at on y certam types 0 on-sca e measurements are usa e presen y y e in us ry. ia i i y
associated with the design and interpretation of the codes has led to the use of only data recorded on.. .. .

Earthquake Engineering Community. Incorporation of anyon-scale measurements that might be made in.. ., .

standards for network data be established so as to represent a consensus in order to be useful to the
industry.

COORDINATION OF SEISMIC NETWORKS

missions. On-scale recordings of strong ground motion, which are of great interest to the engineering
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community, are typically obtained from non-telemetered event recorders. These instruments are designed to
record the main event. This requirement implies that the instrumentation must pennit on site recording
capability, because of shaking vulnerabilities of telemetry equIpment. The need to locate these mstruments m
noisy locations implies that the collection of infonnation on the more frequently occurring, but smaller
quakes is not possible. In contrast, weak-motion seismic networks fulfill the need for rapid reporting on felt
t. ' ..t.. 1 ••• • ..J •• _L .1 1

V"o UVo " ..." '"U''' , , ,,' .....W OV}""'" ....." ........

prediction, earth structure, stress, and geothermal phenomena. The need for real-time recording of
nf l'IlI 1 tn . pithpr l'I c:P't nf . A 1 or a. ." .

continuous stream of seismometer output to a central recording site. However, the analog telemetry
traditionally used by weak-motion networks invariably produces a clipped record for any earthquake
exceeding magnitude (M) 2 at distances less than 25 km and M > 3.5 at distances less than 100 km. Clearly,
this information is of limited use for applications requiring on-scale measurements.

Because of different objectives, different types of recording sites and different user communities,
separate groups have operated weak-motion and strong-motion networks. However, new mandates to the
seismological community emphasize urban hazard mitigation and rapid damage assessment following large
earthquakes. Presently, far more NEHRP resources are devoted to weak-motion networks than to strong-
motIon networKS. lniS imoalance prooaoly arose oecause small eannquaxes are quire common, ana

1 • .,, 1 • ".1 1 1 • 1

i:UIU o~ UJUL \;VUIU •

recordings in the short term. Also, the impact of earthquakes on urban environments was appreciated more
nl11v nnl"p thp . nf rf'l"pnt .1 1 c:nrh l'IC: thf' 1QRQ T.n1T1'" Priptl'l .1 .1 Ul"'C: on. .
modem urban environments.

'T'I.. T n.· .1. 1 ' ..t...J ~•
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made structures in damaged urbanized areas. The Northridge and Kobe earthquakes emphasized this need to
"'n pupn pytpnt ThP l{nhp 1 1 in ;n T",n",n tn rprnrn

...., • c • • c

strong motion. More than 2000 strong-motion stations have been installed in Japan since the earthquake at
costs exceedinp; 20 million US dollars. The principal obiective of each of these stations is the on-scale
measurement of the main earthquake, but not necessarily the measurement of weak-motion small or distant
events. This expenditure and focus emphasizes the critical and urgent need for strong-motion recordings
Ioentmea earuer m UllS report.

Weak-motion networks in the US are now upgrading their instrumentation to take advantage of
improvements in digital technology and communication. These networks are now installing data loggers
capable of recording the full dynamic range of seismic signals, strong motion sensors to ensure the recording
of on-scale data during the largest events, and employing digital telemetry. Hence, fonner "weak-motion". . . .

all:: mun:: prupe::rlY r s WllllWe:: capaouuy 01 re::corumg un-scale::
Similarly, the strong-motion networks are taking advantage of auto-dialing software to rapidly retrieve digital
..lA'A ~~~ ~..~_. 1 ('..;11 .1..A .. ~& .1..~ . 1 ..J..... ;.. • "'"
-- ~~. - _... • ~~", ~.- ~.. ~.- ~'W'O -- '1~"- ,

and consequently their station locations are often of limited use to each other as discussed here and shown in
Drevious sections. Conseauentlv. it is imDOrtant to use modem technoloQv to raDidlv ex ~1. and
communicate infonnation between the two types of networks, but at the same time maintain their integrity of
purpose in order that their objectives can be achieved and the earthquake recordings needed by society can be
obtained.

Efforts are in Califomi::l to l' 1 efforts :mcf sitinu of new

instruments. In southern California the TriNet program is a cooperative agreement between the California
Strong Motion Program (CSMIP), the Southern California Seismic Network (SCSN) operated by the USGS
and the California Institute of Technology, and the USGS National Strong Motion Program (NSMP). Data
WIll be Sllarea between all three groups, ana mstrumentatIon ettorts are coordmated through a workIng group.
The main objectives of the TriNet project include 1) the expansion and upgrade of the measurement of

1 ... , l' 1 L" 1 •• • ,. .,-'"

, ""J " V.I. ;:In VU!:> _ LV -c c UJ
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Survey and the National Science Foundation, respectively. Funding responsibility for the program was
transferred from the National Science Foundation to the U. S. Geological Survey in 1983.

CONTRIBUTIONS OF THE STRONG-MOTION PROGRAM TO THE ASSESSMENT OF
EARTHQUAKE HAZARDS AND THE REDUCTION OF EARTHQUAKE LOSSES.

An essential basis for all of earthquake engineering is the strong-motion records collected by the National
Strong Motion Program and other strong-motion recording programs, particularly the California Strong
Motion Insrtumentatlon Program «('~MTP). For 30 years the El Centro record of the 1940 Impenal
Valley earthquake was the basis for earthquake resistant design. Strong-motion records from the San
- • .• • t" >IV." , T. • .. 7 . 11 ~,.., L" , "' ...'" -' " ., d. ~ •

.. V.. ..:7 '" 4UU Ul". Y 411'" "4l. V.. ..:7 1:7 UI4\.1... UI.. "U:SL

ground-motion prediction equations. These equations, in tum, make possible the seismic hazard maps
1l""rI in 1'\, ilrlin"' t'nrl"" !'Inri in ., , In""

OJ

Strong-motion recordings obtained either directly by the NSMP, through the cooperative efforts of the
------ :~t.' ~t.'.' ~t. "''' ... ,nn·' . ~. ,"", "t"I........... V, ..........................,. u, ........ . ...1 .... u....,.~ ..v. ........ . v ..

seismogenic failure in the earths crust and the causative radiation as ground shaking. They are the basis
fnT ,". . Ipvpl" nf ' ,. in hltllTP ., , !'Inri thp h!'l"i" fnT' •. th",. '-' '-' '-'

resnonse of the built environment to damalZinlZ shaking:.

Strong-motion recordings in structures have lead to many advances in earthquake-resistant design. One,
i" th", . ,.,.f" r~l\ATD ,. 4;-,.,.,." .. , . ,. .,.., , , . ~+ ~1 10'}'}\

, "'" ", ..
The r~sults indicated that the motion of the tkxible roofdiap~was amplified, r;lative to the motion of
the szround bv a much larszer factor than nrovided for in the version of the buildinsz code current at that
time. These studies led directly to code revisions.
Tn,,.,. ....... i,.,.,. • in th",

, .. ,.,.f" ' . , ,.
",.,.r1.." i,.. th.. ....."t f".." "ft ~~~ , •-.. '-' . r r .I -.I

attributable to strong-motion records. The site coefficients in the 1997 edition of the Uniform Building
Code (UBC) and the 1994 and 1997 editions of the National Earthauake Hazard Reduction Prog:ram code
provisions were based in significant part on strong-motion recordings from the 1979 Lorna Prieta
earthquake (see ego Borcherdt, 1994 or Martin and Dobry, 1994). The near-source coefficient in the 1997
UHL, whiCh bnngs about an mcrease ot as much as a tactor ot two 10 the deSign base shear, was
motivated entirely by the large near-source motions observed on strong-motion records.

For important structures, strong-motion records are used in analysis and design procedures that go beyond
the codes. They are used for site specific design of major sturctures by most major earthquke enginnering
firms. They permit site-specific dynamic analysis of structural performance and, in particular, nonlinear
analyses. 1 ne neea ana use tor suong motion reCOrdS Wllll contmue to accelerate as more record1Ogs are
obtained. As a basis for all earthquake resistant design and construction, there is no substitute for an

.1 • ".L'" ., , " L" • , ~
.......u ... ~, "'0 ~ v .. 4 ~UIU"'" .... V ..II..... VI U .....I ... V .. . L"\.'" \.11" UJ.

recordings increase so will their contribution to earthquake loss reduction.

PARTICIPATING AGENCIES AND INSTITUTIONS OF THE NSMP
....... ,. ., ~ .. 'r- , . .. .
"U" ~'U~'.6..6. ....IU -0' ".1. "'LlVU!!>- U4L4. • '-' or

by a variety of federal, state, and local agencies, private companies, and academic institutions. The
- .~- -~ h!'l" fnnn!'ll' , ..,. "nth 1" " (" .... T .. J..1~ ,\ n_A "),_

'r . . '-' ,-
30 private companies. Number of stations and accelerographs associated with the cooperative

COOPERATIVE EFFORTS WITH THE CSMIP

The California Division of Mines and Geology operates the California Strong-Motion Program (CSMIP)
UJith h!'l"it' t". • , h" '" "t"t.. t"v nn "f"n,. ,....", . T> •• "'.' ~ '"

OJ r J. • ,

is being provided to the program for a 5-year time interval by the Federal Emergency

La/ D
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CURRENT SHORT-TERM PLANS

<;:hnri_t..rn"l "'l ....n" nf' th.. ~ T~~ ~ T .... " 'IT "' 1n r ..,...nt ~_v...... r ..f'f'nri" (Pnr,.pll~ npr<:t ,
r , a _ a _ •

call for the replacement of analog instrumentation at 150-175 stations throughout the U. S. The present
plan based on existing personnel resources includes upgrading 30 or more permanent stations per year to
digital on-site recording (funds permitting). This effort includes analog recorders presently located at 70-
75 sites in southern Calif., 40-45 sites in northern and central Calif., 15-20 sites in the Pacific Northwest,
10-15 sites in Alaska, and 15-20 sites in other key seismic regions of the United States. The needed. . . .. . .
lV~V SIauon u

a
_ W GlglIal teCDDOIOgy Wlll pennn:'r ems 10 _ range oy aoom :-IV aD,

signal resolution by as much as about 60 dB, inclusion of absolute timing with GPS receivers, digital data
,,,;'-h ")0 "'.. ,.1;,.;.-... 1 ,." ..,.I~ ..... ,.1 ..",...1 ..... ,.1 .1 i-; ..... '" ,.1".-"

~~., a '0' 'J ,

and instrument communication capabilities. Implementation of upgrades is intended for both structure-
resoonse and around-motion monitorina oumoses.

THE NATIONAL STRONG-MOTION DATA CENTER (NSMDC)

The National Strong-Motion Data Center (NSMDC) is responsible for the digitization, process1Og,
, . ::mrl ,. nf (htl'! .. , nn thp. ~T •

~trnn(J-"· . "T , Thp.a _

center has resoonsibilitv for the develooment and maintenance of auidelines and standards for
digitization, processing and archival of strong-motion data. The center helps maintain the NSMP www
site with Internet access to processed data acquired on the network. .

Future short-term plans call for expansion of near-real time data retrieval and dissemination capabilities
(funding and personnel resources permittin~). It is intended that approximately 175 near-real time
stations will become operational at locations throughout the United States using standard telephone
communication. This capability will permit near-real time earthquake monitoring, rapid assessments of
strong Shak10g tor emergency response purposes, near-real time warnmgs tor some areas, and
significantly improved data dissemination capabilities.

It is envisioned that the NSMDC, through the WWW, should become a hub of information about the
availability of strong-motion data not only from the NSMP, but other online regional, state, local, and
1OtematlOnal aata centers, With access to other resource centers prOVided via 1101(S througn the internet.
The NSMDC WWW site should serve as an interface to a searchable database that includes time series
~. , ~ ,
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and prediction of strong ground motion and structural response in densely urbanized areas with high
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network, addresses issues pertaining to the radiation and attenuation of strong-ground motion, the
amplification and damping effects of local soil deposits soil-structure interaction effects structural
response, and implications of these results for purposes of code improvements. Results of these efforts
help provide guidelines for design, installation, and maintenance of instrumentation to record future
events.

STRONG GROUND-MOTION MEASUREMENT NEEDS FOR EARLY WARNING

Most earthquake damage is the result ofseismic waves that travel from the fault and shake the earth. The
first energy to arrive is in the form of P-waves, which travel at typical velocities of 5-6 km/s, but the more
oamaging, larger ampmuae ~-waves travel at almost nail me speea ot me t'- waves. tlecause selSIUlC data

can be continuously telemetered to a central network site at the speed of light (that is, nearly instantaneously
... ~
JV .IS
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compared to the speed that seismic waves travel through the earth), it is possible for seismic networks to
provide advance warning ofthe imminent arrival ofstrong ground motion at distances beyond where the first
seISmometers etect the quake. Computer programs that continuously analyze the telemetered data could
identify when a large earthquake is occurring and issue a brief radio broadcast ofthe magnitude and location
ofthe earthquake (Heaton, 1985; Holden et al., 1989; National Research Council, 1991). Depending on the

" .

action. For example, early warning broadcasts could warn people in poorly designed structures, protect
6 • • • • • •

equipment could momentarily be halted to prevent damage during the earthquake and ensure that power and
communication s stems are intact for subs uent rescue 0 erations. Fire station e doors could
automatically be opened so that fire-fighting vehicle would not be trapped ifthe building were to shift.

warning, but the shaking generally attenuates with increasing epicentral distance. However, there are often
critical damage zones well away from the fault. For instance, the 1989 Loma Prieta earth uake created
significant damage and mortality in the San Francisco Marina district and at the Cypress freeway structure in
Oakland. These areas were 90-100 Ian from the earthquake and could have been given only 8 seconds

v ce 0 e wave arriva, u as muc as secon s warning in vance 0 e arriv 0 e

Even more elaborate warning systems are possible.

station of the seismic network for local generation of a shaking map. This map would provide visual. .

network at speeds of 5-8 km/s. For example, it would take more than 60 seconds for the energy to propagate
from a large uake in the San Francisco ba re ion to the Ore on border and nearl 90 seconds for ener
for a Parkfield event to reach the border.

of sensors (accelerometers) sited along active faults that records the ground motion with high fidelity, 2)
telemetry that transmits with minimal dela the full d amic ran e of these si Is back to a central network
site, 3) real-time software at the central site that reports on significant earthquakes during rupture, and 4) a
e cate roadcast system to distribute this information to the public.

After an earthquake the ability to idl de 10 rescue ui ment can save not onl lives but also
property. Accurate rapid deployment is currently hindered because it is difficult for a centralized command
center to compile damage reports from a wide region. This occurs because citizens frequently cannot report

age an es ue to over e te ep one systems; consequent y, e IDltm e reports are 0 en
distributed via radio and television broadcasts. This information may misrepresent the full scale ofthe crisis,. .. "

,
distribution governs the location where ground motion is reported, and communications can be disrupted in
th i . "

coverage of the World Series being played at Candlestick Park south of San Francisco immediately diverted
from the stadium to the sites of earthquake damage in San Francisco and Oakland. However, the earthquake
occurred 100 Ian to the southeast in the Santa Cruz Mountains and the heavily damaged cities ofWatsonville
an anta ruz c ose to e epicenter received comparatively little media attention for several days.

Within minutes after a e earth uake emer enc servi
automatically generated maps that show observed shaking intensity and predicted damage patterns. This
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infonnation can be used to efficiently deploy fire fighting, rescue, and medical services. Seismic networks
provide the basic parameters needed to predict the ground motion throughout the affected region, namely,
hypo-eentral coordinates, earthquake magrutude, mechanlsm, and rupture zone extent (from aftershock
locations). Preliminary infonnation on location and magnitude can be available within seconds of
occurrence, refined estimates of magnitude and mechanism within 3-10 minutes, and the extent of the
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Observations from strong-motion instrumentation can be integrated into the maps of predicted ground
snaKing. various estimates ot grouna motion, SUCh as peaK grouna acceleranon, velocity, SnaKlllg duration,
energy content, or spectral values can be calculated in real-time. By combining this observed data with the

•.• •• :.. ",~, .1-1 L~ .•• +~. • ~~~ ,,1. ._ ~. • ,.1
r... ,'. '~~'~"''''.. ..., • uww • ..w·w u .. ..,..c .. .......
to assess the reliability ofthe forecast model ofground shaking.

MEASUREMENT NEEDS FOR STRUCTURAL ENGINEERING RESEARCH
~ ,. •• .•• J J ,..

V.L .."'... u, ... <I.........
systematic and efficient verification of the performance of structures built or strengthened with the new
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structures to record their nerformances durin!.! future events. The severity of dama!.!es to numerous steel
structures during the January 17, 1994 Northridge earthquake (Ms 6.7) and Kobe (Japan) earthquake of
January 17, 1995 (Ms 6.8) argues strongly for instrumentation of both the new and retrofitted structures.
SelSDllc pertormance data from future events is essential to assess the effectiveness and revise and/or improve
design, construction and retrofitting practice.

There are many facets of response of structural systems that are not well understood. In many cases,
although theoretical solutions abound, actual response data is scarce or non-existent. One important
aspect of structural response IS the soil-structure interaction. In many cases, under a specific geotechnical
environment, certain structures will respond differently than if that structure was built as a fixed based

.~~ .,. . . ..
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due to soil-structure interaction (SSI) can be both beneficial and detrimental for their performances. To
rl",t", .. nn th.. rnl", ,,~I;:I;:T rl""''' nnt "',,' ..t Tn"'- . rit. rl ..rinn +I..~ ......

, • -';"C

earthquake of Sept. 19, 1985, many structures were negatively affected due to SSI, because the
leDlrthening of their fundamental neriods olaced them in a resonating environment close to the
approximately 2 second period of Mexico City lakebed. However, under different circumstances, SSI
may be beneficial because it produces an environment whereby the structure escapes the severity of the
response spectra due to shifting of its fundamental frequency. Certainly, in a basin such as that of Los
Angeles area, ~M may cause both benetlClal ana aetnmental ettects m the response ot structures. The
identification of the circumstances under which SSI is beneficial or detrimental and the parameters is a

~ . .. ~ , ., . .""'"''
',/ ~ '-'''','''U, <U... .. , ~ 77 I).

Until resources can be identified and implemented to fill the long-term national needs, short-term
structural instrumentation neeas are:

1. Pursue an aggressive program to develop resources to instrument man-made structures in
cooperative partnerships with other agencies at a spatial density suggested by national and
regional estimates shown in Figures 2 and 5. A minimal short-term instrumentation plan for
structures WIth annual popUlation exposure to U.l g exceedmg l'UU (see 1'Igures 5a and 5b)
should include:

a) One % of federally owned and leased buildings that are higher than 3 stories,

b) One % of all buildings> 3 stories not instrumented by other programs,

JL .LI
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c) All new or retrofitted buildings that incorporate significant new technologies such as
base-isolation, viscous elastic dampers, recently developed and untested methods of
deSign and construction,

d) Most or all significant lifelines in urban environments, that are not instrumented by other
programs,

e) For those areas within 10 Ian of faults with potential Mw>7.0 events 5 % of all buildings
taller than 3 stories or single or double story buildings ifnot regular structures (e.g. tilt-up
ouilQings, pre-east ouilQings etc) ana :m 70 or all lirelines snoUJa oe instrumemea.

t) Special areas with high population exposure (a) In San Francisco Bay Area (such as
~ -LUwer IVlarKel iUea in ~an rrancisco, r.meryviue, IVlarina UiSlriCl in ~an rrancisco,

South SF Peninsula, Oakland), (b) In LA Area (such as Sherman Oaks, Van Nuys,
~ T A C ..~t.. "" C..~ ~ In \ T~ ~ .~ ~T ,~ .., , ,. , ,- ,
Portland), (d) in Central and Eastern US (Memphis [Tn], Cape Girardeau [MO],
Charleston rSCl and others) that are vulnerable should have soecial structural
instrumentation plans developed to reflect the risk associated with their specific seismic
sources and site effects.

g) Special purpose experiments to solve critical research issues such as (a) soil-structure
interaction and (b) topographical response should be implemented.

"" R-'-'
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