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Resolution

The following vesnlution was approved unanimously by the delegates
of the International Workshop on Strung-Motion Esvthquake Instrument
Arrays during & geners! session on May 5, 1978.

The protection of 1ife and property from the devastating effects
of sarthguskes §s an urgent worid-wide problem. An understanding of the
nature of strﬁmg sarthquake motions s of crucial importance in solving
this problem. At the present time, however, there {s a scarcity of
engineering dats acquived near the centers of destructive sarthguakes,
and exdsting fnstrumen? areays are inadequate to provide the necessary
data. Yet theres {5 & high probabiiity of scourrence of destructive
eavthquakes in different parts of the world in the next decade. The
participents in this internations] workshop unaenimously recosmend that
the earthouake-threatened countries and olher concerped countrles. and
argsnizations make & concerted effort to establish a comprehensive
world-wide system of speclalired strong-molion earthguake tnstrument
&rrays ﬁ&pabie of resolving the naturs of the rarthguake source
mechanism, weve propagation and Yocal site effects. As & first step,
the following specific recommendations shoyld be {mplemented,

i. The Interpnationsl Association for Eerthquake Engineering in
eoltaboretion with the Internationa) Asscoiation of
Sefsmalogy and Physics of the Earth's Interior form an
International Strong Motion Arrays Council to faciVitate
the estab!ishment oF strong-wotion earthquake instrument
FCFAYS .

2. Earthquake-threatened countries individusily and collec-
tively {nitiate the immediate Installation of minimal
grrays of 10-20 strong-motion instruments al Yeast at
the 28 world-wide 2ites fdentified by this workshop.

1. High priority be Glven to the deston and installetion of
more elghorate soyrce muchdnism, wave propagation and
local effects srrays, particularly at the st eritical
sites {dentified.

4, A mobile strong-motlon fastrument array capable of making
source mechanism, wave propsgation and local effects
measurements be established snd maintained for deployment
immediately followlng the cccurrence of 3 major earthguake
for the recording of aftershocks.



Chapter 1

‘Summary and Conclusions

1.1 INTRODUCTION

Safeguarding Jife and property from the destructive effects of
garthquakes s 2 major worldwide problem, In spite of the increased
awareness of this problem, earthquakes each year clalm many iives and
cause enormous damage to man-made structures and other facilities. In
order to design safe, economical structures and facilities ¢n earthquake
prone regions of the world, 1t {s necessary to understand the nature of
the ground motion that these systems. may be expected o experience
during thefr lifetimes. This understanding can ultimately come only
from the measurement and subsequent study of the strong ground wotion
resuiting from actual earthguakes,

The first modern strong-motion accelerographs were designed snd
instatled in 1932 znd the Long Beach earthquake which occurved the next
yesr produced the first strong-molion scceleragrams, The number of
accelerographs grew gradually until the earily 1960°s. Then, the rate of
growth {ncreased markedly until the present level of approximately 000
instruments deployed worldwide was achieved.

The selection of sites for strong-motion accelerographs has tradi-
tionally been mede by engineers primarily interested in the earthquake
response of bulldings and other siructures. It is not swrprising, there-
fore, that most sirong-motion instruments are concentrated nesr major
populatian centers., The remaining Instruments are spread rather sparsely
throughout some of the more accessible seismically active zones of the
world, Relatively few strong-motion instruments have been deployed in
integrated srrays designed for the purpose of gaining detsiled informs-

tion about the generation, transmission and local modification of sirong
ground mation,

in the design of major structures and facllities such as important
butldings, dams, bridges and power plants, ft is highly desirable f¢ know
the ground motion at g specific stte that would result froe * particular
earthquake event. As the return period for major earthquakes associated
with a given portion of a fault is generally quite long, it is impractical
to walt for data from the particular event in question. Instead, it is
necessary to extrapolate from data which have been obtained from other
events which are thought to be in some saense similar te the particular
event under consideration. This extrapolation process can only be
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veliagble {f there i{s an understanding of the individual factors which
affect the character of strong ground motion such as; the nature of the
source mechanism, the inflyence of the wave propagation path, and the
gffect of local topographic and soil conditions,

Generally speaking, isolated single instruments provide insufficient
information to give a clear understanding o; the factors influencing
strong ground motion., What is required are multiple-instrument two- to
three-dimensional arrays with configuration tailored to the specific
information desired. At the present time, the number of such arrays is
inadequate. Only when a greater number of Such arrays are operational
and data have been gathered will 1t be possible to significantly improve
the accuracy of predictions of the mature of strong ground motion at 2
particular site. ‘ ;
it is important that future strOngumatian arvays be deployed at
those locations around the world which provide the greatest potential
yield for the sizeable investment reguived. It is alsu important that
such arrays be designed so as to maximize the usefulmess of the data
which will be obtained. Both of these cobjectives can best be met
through a program of internaticnal cooperation which draws upon the
varited resources of different particlpating countries. It is with this
understanding that the delegates of the International Workshop on
Strong-Motion Earthquake Instrument Arvays dndertook the task of making
specific recommendations concerning the location, configuration, and

operation of strong-motion arrays. A summary of the recommendations of
the Workshop foliows,

1.2 FAVORABLE ARRAY LOCATIONS

in comptling a Vist of promising sites for stromg-motion arrays,

five principles have been employed: 1) Uhe desirability of attaining a
high probability of recording detatled strong-motion information for a
damaging earthquake (M > 6.5? within the nexi 10 years, 2} the desira-
pitity of recording the near Tield ground motion for a very large earth-
quake (M=8), 3} the desirability of obtaining data from a variety of
different source mechanisms and geotectonic conditions, 4} the desira-
bility of favorable operating conditions and 5) the desirability of the
proximity of important industrial and population centers with structures
of engineering significance.

Application of these principles and a carefyl e wmination of poten-
tial sites have led to the selection of 28 locations as being promising
for the deployment of strong-motion arrays. These 28 locations are
fndfcated in Figure 1.1. Detatled ihformation aboul each location is
contained in Chapter 2, A1l important source types are represented
including: thrust, strike-slip and vertical SVip faults. A variety of

. geclogical conditions is represented as well, '

Of the 28 locations selected, six have been designated as high
priority sites. These sites are judged to have an especially high
probability of ylelding useful data. The six high priority sites are,
in order: Shitlong, India; Oaxaca, Mexico; Chia-i, Taiwan; Paimdale,
U.S.A.; Suruga-lzu, Japani and Varto, Turkey.
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The favorable locattons indicated by the Workshop are not intended
to be exhaustive. Countries throughout the world are encoursged to
deploy strong-motion earthquake instruments wherever they believe the
conditions for such deployment to be favorable, However, the identified
Tocations are believed to be of sufficient importance that the delegates
of the Workshop have recommended unanimously that minimal arrays of 10-
20 strong-motion instruments be installed immediately at each of these
focations. It has further been recoomended that high priority be given
to the design and installation of more elaborate arrays at the six awst
promising locations.

1.3 SOURCE MECHANISM AND WAVE PROPAGAT 10 ARRAYS

Tne ground motion experienced at a given location depends both upon
the nature of the egarthquake source mechanism and the factors affecting
the propagation of waves from the source to the site. In order to gain
g fuller understanding of the physical processes fnvolved in this genera~
tion and transmission of selsmic energy, 1t will be necessary to obtain
data from fairly dense arrays of strong-wotion instruments deployed
within the near-field region of strong earthquakes. These arrays should
have different configurations depending upon the type of saurce,

Three different source mechanism and wave prcpagatinn array gonfi-
gurations have been developed for pbssible deployment at favorable sites.
For sites with a predominantly strike-slip source mechanism, a comb-
shaped surface array s recommended consisting of approximately 100 to
200 instruments. About half of the instruments would be deployed
along a line on one side of the fault at an average spacing of approxi-
mately 10 km. The remaining instruments would be deployed in a number
of legs extending from the fault. These legs would extend linearly from
40-100 kv with the ionger legs being used primarily for the study of
path effects. For sites with a predominantly subduction thrust source
mechanism, an array consisting of %0-180 instrumenis {s recommended.
These instruments would be arranged in two or three parallel lines along
the fault with an average spacing of 20 km., For sites with a predomi-
nantly dip-slip source mechanism, 3 two-dimensional array configuration
is recommended consisting of apprexsmateiy 100 instruments with spacings
from 2 to 10 km.

In addition to the permaneni arrays desigred for source mechanism
and wave propagation investigations, it is recommended that a mobile
array of approximately 50 instruments be maintained for use in measuring
the strong ground motion generated by aftershocks following great
earthquakes. It is believed that the information gained from magnitude
6-7 earthquakes can be extremely valuable in the study of the generation
and transmission of selsmic waves as well as in the study of lacal site
effects.

[t is recommended that the instruments used in source mechanism
and wave propagation arrays be three-component, 2g atce‘@rometers having
a bandwidth of 0.1 to 30 Hz and al dynamic range of 108, Provision must
be made for precise relative timing. Irnternal ¢locks shau)d have a very



fow drife rete and should be externally resettable. A1 instruments
should have pre-event memovies and sasily aééu%tab?m trigger levels,

Datatls of possible configurations of source mechanism and wave

?T@@é?&ti@ﬁ arvays along with vecommended instaumenz characteristics
&re given in Chapter 3,

1.4 LOCAL EFFECTS ARRAYS

A complete description ¢f earthguake generaled ground motion involves
more than the characterization of the motion at a particular point. It
also requires the description of the gradients ‘of motion which give rise
to pv&;!b!s rocking, twisting and relative motjon between different
points. The precise nature of the motion will be affected not only by
the properties of the source and the wave prapagateon path between the
source and site but also by many local factors., These include:
focalized fopographic and soil features, soil-structure interaction
effects, soil liquefaction, etc. The nature of strong earthquake ground
motion and the way that it is affected by various local conditions can
only be adequately understood if additional data are gathered using a
system of Jocal effects arrays.

Four general types of local effects arrays are recommended: lLocal
Labovatary Arrays, Simple Extended Arvays, Elemental Arrays and Special
Arrays. tLocal Laboratory Arrays are relatively complex arrays intended
to provide data concerning the gradients of ground motion and the nature
of wave propagation through a ltocal site. They would consist of from
25 to 80 instruments arranged over an area of up to 1 km and to depths
of approximately 100 m. Iestruments would measure rotaticnal and rela-
Jive motion as well as acceleration. Common Lime bases and simultaneous
triggering would be required. These arrays should be deployed in regions
where frequent shaking of 0.05g or greater can be expected. They may

exist alone or in confunction with source mechdnism and wave propagation
arrays.

Simple E€xtended Arrays are smaller arrays designed to measure Sys-
tematic variations in ground motion across locdlized soil, geologic or
topographic features. Such arrays would consist of from & to 12 acce-
lerometers having common {ime bases and triggey:ﬂg Both surface and
down-hole instruments would be required.

Elemental Arrays are vertical arrays or horizontal clusters of
approximately three instruments contained within a limited area. These
arrays would provide data on variations of ground motion with distance

and depth. HNumerous arrays of this type already exist but their deploy-
merit should be expanded.

Tne Special Arrays recommended are of two lypes; those intended for

soif-structure interaction studies and those intended for liquefaction
studies, For soil-structure interaction studies, prototype rigig
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foundations, simple model building structures and extended buried struc-
tures should be instrumented. Rotational accelevometers, strain gauges
and pore-pressure transducers would be required in addition to conven-
tional accelerometers. For Yiquefaction studies, various levels of
instrumentation can be employed. However, arrays must have both
accelerometers and pore-pressure transducers installed on the surface
and to depths of approximately 30 m.

Detailed enxample configurations for local effects arrays along with
a discussion of a possible multi-level deployment strategy are contained
in Chapter 4,

1.5 ARRAY CONSTRUCTION AND OPERATION

Several factors affect the cost of construction and operation of a
strong-motion arvay. These include: 1) the availability of fleld tested
instrumentation, 2} local construction and operation capabilities and
3) the availability of standard data processing and dissemination faci-
Yities. Information on current strong-motion programs has been used to
estimate the costs involved in the major types of arrays recommended
herein. In order to enable cost comparisons, a currently available
digital accelerograph-with a range of 0.001g to 2.0g, a self-trigger and
a 2.5 sec pre-gvent memory has been used as the basic instrument for all
arrays. The cost differential involved in changing to gther types of
instrumentation may be estimated from comparative cest figures given in
Chapter 5.

The base cost for installation of a source mechanism and wave
propagation array for a $irike-slip source is estimated to be approxi-
mately $865,000 with an annual operating cost of approximately $84,000.
For a subduction-thrust source array, the installation costs would be
approximately $655,000 with annual gperating costs of approximately
$60,000. The corresponding costs for a dip-slip source array would be
approximately $830,000 and $80,000 respectivels. [t is estimated that
creaticn of & mobile array consisting of 50 instruments would cost
approximately $475,000 with annual operating costs of approximately
£40,000, '

A Local Laboratory Array capable of centrally recording 90 channels
of acceleration data from surface and down-hole sensors is estimated to
have a base installation cost of approximately $519.000 and an annual
operating cost of $24,000. These figures would increase if instruments
such as pore-pressure sensors were added, No detailed cost estimates
for Simple Extended, Elemental or Special Arrays are given due to the
large number of variables in their design. However, the cost figures
presented for gther types of arrays can readily be used to establish
costs for specific array configurations of these types.

The above cost figures are based on arrays located in California,
U.5.A. A site cost adjustment factor for each of the 28 promising sites
cons idered has been determined based on the probable type of array to
be deployed and the degree of difficulty in conducting operations at
the different Yocations. The site factors range from 1.0 te 3.0. It
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is recommended that each srray or local combination of arrays have its
own operating headquarters staffed wherever possible by local personnel
but If necessary supplemented by trained personnel from other areas.

With respect to data processing and dissemination, it is reconmended
that three regional data centers be established to handle the worldwide
assemb&in?, processing and dissemination of data. These three centers
would be in North America, Asia, and either Europe or the Middle fast.

A standard data format should be agraed upon by all centers., The cen-
ters should store all earthguake and station information in a telephene
accessed computer and bulletins should be circulated every three months
describing records obtained. Floppy disks apd cassettes should be used
for the exchange of individual earthquake records. .

1.6 IMPLEMENTATION

The implementation plan recommended 1s intended to be Flexible and
is therefore not rigidly defined, It is belleved that array programs
should be controlled by the participating scientists and this would
appear to preclude any highly developed internaticnal inter-governmental
structure at the present time., 1t is, however, fell that it is possible
and indesd beneficial to tie the implementation plan for strong-motion
arrays to the International Association for farthquake Engineering (I[AEE).
This organization with members from all over the world is dedicated to
the goals of the strong-motion program and could provide the necessary
focal point for international cooperation.

It is recommendad that the IAEE in consultation with other organi-
zations such as the lnternational Associztion of Seismology and Physics
of the Earth's Interior {IASPEI) appoint an fnternational Strong Motion
Array Council {ISMAC). This Council would be responsible for ‘the initial
organization of the implementation structure and would, amang other
things, preparve general guidelines for array deployment, recommend
priorities for array locations and coordinate the world wide assembling
and dissemination of data,

In order to assist it in its re&pcnsibi}ities, ISMAC would appoint
five Committees. These [SMAC Committees would have responsibility in
the following areas: 1) Data Projects, including the preparation of
catalogs of existing and future data; 2) intensive Instrumentation Arrays,
including scurce mechanism and wave propagation arrays; 3) Regional
Arvays, including stand alone Local Laboratory Arrays and Simple
Extended Arrays; 4) Local Arrays, including Elemental Arrays and Special
Arrays: and §§ Mobile Arrays. :

) It ¥s recommended that s Steering Commiitee be formed for the
planning and execution of each individual array project. This Steering
Committee would formulate overall design and operation plans for the
array. Such Steering Conmittees would be encouraged to work closely
with the relevant ISMAC Committee thereby optimizing their effort from
an {nternational point of view. W¥here no Steering Committee is
establiished or where such a structure is deemed inappropriate, it is
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strongly vecommended that some ~they mechs
informalion transfer betwesn thaie respong
sroject and the relevant [SMAL Commiiles.
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individual arrg

At the present time, individual counlele: are proceeding with uni-
tateral arvay projects as they see 1L and sume effort has been divegtsd
toward the creation of bilateral projecis. However, there appesrs to be
no existing workable structure for the execution of multi-lateral
praojects. [t is hoped that the implementation structuve recommended
herein will help to méke such multilateral cooperation possible in the
future,

1.7 CONCLUSIONS

fased upon the findings of the Internstional Horkshop on Strong-
Motion Earthquake Instrument Arrays it is concluded thatl:

1} Ampie promising sites exist for the deployment of dense strong-
motion earthquake instrument arrays. These sites are distri-
buted throughout the seismicalily active vegions of the world
and represent & varlety of different source mechanismg and
tectonic conditions. There are & number of sites for which
there appesrs to be a very high probabilily of obitaining use-
ful strong-metion data within ten years.

2} There is an adequate understanding of the nature of earthquake
ground motion to be able to design yseful strong-mutign arrays
which will provide answers {o some of the important uflresolved
questions facing the designers of structures and other facili-
ties in the earthguake prone regicas of the world. Further-
ware, instrumentation presently available ov under development
15 adequate for use in these arvays.

3} The cost of deploying strong-motion arrays, although great, i3
not excessive considering the magnitude of the benefit to be
derived from such deployment.

4} Most of the countries affected recognize that the earthguske
problem s worldwide in scope and can best be solved by the
coliective efforts of all concerned. 1t appears, therefore,
that international cooperaticn is possible and that a workable
structure for this cooperation can be estabiished.

In Yight of the above conclusions, {6 remeins only to gel on with the

task of desianing and deploying strong-metion earthguake instrument
arrays. ’
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