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ABSTRACT

The most common parameter used by both engineers and seismclogists to
characterize a strong motion accelerogram is the peak acceleration, although
it is well known thst this quantity does not in general correlate well with
structural damage. Many other parameters derived or calculated from accelero-
grams have been suggested, and are herein compared from the standpoint of
overall effectiveness. For engineering purposes the direct mapping bf rasponse
spectrum ordinates is being increasingly used, and in the future such derived
parameters may be by-passed in favor of using ensembles of accelerograms as
inputs to structural modela, The duration of strong shsking is an important
parameter for structural design which has not as yet been either suitably
defined or introduced into design codes in a widely accepted form.

INTRODUCTION

Among the earlieat facts established about earthquakes are (1) that they come
in different sizes, and (2) that they are not uniformly distributed over the
earth, but are much more likely in some places than in others. Such knowledge
immediately suggested the need for some kind of mapping, to delineate regions
of potential earthquake hazard, and to give some idea of the size of the events
that might be expected there. The earliest maps were, in effect, isoseismal
maps, indicating regiona of similar effacts in the immediate vicinity of
specific destructive shocks, To compare different earthquakes in different
places, some generally agreed upon descriptive intensity scale was required,

and numerous such scales were proposed from the 16th century on (Davison, 1927;
Medvedey, 1965).

It was in 1887 that E, S, Holden, the director of the Lick Observatory in
California, set himself the problem of correlating the degrees of the Rossi~
Forel scale with "a common ynit of a mechanical sort" (Holden, 1887). He states
that "There is no question as to what unit to employ, The resesrches of the
Japanese seismologists have abundantly shown that the destruction of buildings,
etc,, is proportional to the acceleration produced by the earthquake itself

in a mass connected with the earth's surface . . . it would be logical to
expresa I in fractions of the acceleration due to gravity, . . ." It is a
remarkable fact that over one hundred yeara later peak ground acceleration is
still the ground motion parameter most widely used by both engineers and seis—
mologists, even though it is now known that this parameter does not cérrelate
well with structural damsge, and must be supplemented by much addifional
information., By estimating ground amplitudes and periods from Japanese
seismograma for earthquakes for which the Rossi-Forel intensities were well
established, Holden associated an intenaity IX with a peak ground acceleration
of 120 ca/sec’., Note that this was some 50 years before ground accelerations
had been directly measured. His numbers may be compared with some later
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correlations, made after many ground accelerations of destructive shocks had
been measured, Typical corrslstions with a Modified Mercalli IX uent.(oqu:l.u-
lent to the Rossi-Forel scale in thia range) give values of 540 cm/sec’ {Neumann,
1954), 200~400 cu/sec’ (Medvedev, 1962), 500 ca/sec’ (Trifunac and Brady, 1975),
and 320 cm/mec’ (Murphy and O'Brien, 1977). The somevhat lower values sasigned
by Holden no doubt reflect the fact that his long-period seismographs were not
sanpling the higher frequency range in which peak accelerations usually occur.
Considering the atate of knowladge at the time, Holden's estimates vere
remarkably successful.

EARTHQUAKE BUILDING CODES

The first seismic zoning maps, then, delinested zones in which shocks of various
inténaity levels might be expected. An important purpose of such maps was to
form the basis for seismic design codes aiwmed at producing earthquake-resistant
conatruction, and it is this aspect of the subject that will be emphasized in
the present review.

The first such enginpering codes referring directly to ground accelerations
appesred after tha great earthquake of 1908 in Messina, Italy (Freeman, 1932).
It is interesting to note that the San Francisco sarthquake of 1906, which
resulted in major astudies of geological and seiswological importance, did not
stimulate the development of sarthquake-resistant building codes. This was
perhaps because the committes which produced the momumental Carnegie report

on the earthquake did not have & structursl engineering member. The Royal
Committes appointed to study the Messina event, after a very complete review

of past studies of earthquakes from all countries, concluded that ", . , the
acceleration which is one of the data that most closely concerns the builder,

is as yet little less than unknown," The Committes then proceeded to make a
detailed analysis of seversl buildings which had ‘survived the Messina esrthquake
with little or no damage, and it was decided that the designe corresponded to

a ground acceleration of 70-80 cm/sec'. They then recommended that structurss
in earthquaks regiona should be so designed that they would resist, in the first
story, a horizontal force equivalent to 1/12 of the waight above, and in the
second and third story, 1/8 of the weight sbove. These values were roughly
consistent with the ideas prevalent in Japan at about the same tise, that the
seismic coefficiant should correspond to a ground acceleration of 0.1 g,

It is, of courss, not necessary that the lateral force cosfficients prescribed
for various zones on a seismic zoning map be interproted in terms of a physical
quantity. In building codes the numbers associated with various seismic zonaa
are entered into specified standerd formulas which, along with many other factors
such as type and material of structurs, consequences of failure, natural period
of structure, etc., produce the final values of the horizontsl loads to be
considered in the design. In fact, it may well be better to deal with arbitrary
numbers or letters than to attempt to relate the zones to oversimplified physical
quantities which may give an incomplete or inaccurate picture of the actual
sarthquake ground motions. In particular there has been much criticism of the
use of pesak ground acceleration to quantify seismic zones. It is well known

that for some earthquakes the pesk sccelarstion say he a very inaccurate
indication of the damage thst might be caused to many structures. The peak may

be one single spike quite uncharscteristic of the vhole accelerogrem, and it

can be shown that for most earthquakes the highest peaks can be truncated
somevhat without much changing the response of most structures, as peasursd -
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by response spectrum values {Schnabel and Seed, 1973; Blume, 1979). Neverthe-
leas, there is sufficient similarity in the ground motions of many earthquakes
80 that peak ground acceleration still serves a useful purpose in the preliminary

-comparigon of ground motions over an area for a single earthquake, and in giving

approximate comparisons between different earthquakes. One of the most important
problems facing earthquake engingers today is the definition of additional infor—
mation needed to supplement or replace ground ‘accelerations to provide meaningful
correlations with structural damage, and this is the main theme of the present
paper,

In the light of the above background it will be of interest to briefly summarize
the way in which the problem {s treated in current building codes; as indicated
by a study of the 1988 edition of the volume "Earthquake Resistant Regulations ~-
a World List", issued by the International Association for Earthquake Engineering
(IAEE, 1988), Examining the codes for 135 countries we find that: 13 countries
map a "seismic coefficient”, or "lateral force coefficient” tied to a number

or letter which has no physical significance ascribed; 8 countries describe

the numerical seismic factor as peak ground acceleration; 6 countries relate

the seisaic factor to standard intensity scales, MM or MKS; 4 countries refer

to the coefficients as accelerations, and also relate them to intensities; one
country relates the seismic coefficient to power spectral density; 2 countries
use two seismic coefficlents described as "effective" accelerations and
velocities,

Most of the building codes of the past have not includaed a conatderation of

the frequency of occurrence of earthquakes or of the time frame involved. These
can, of course, be important factors - it is clear that for the United States,
for example, although large earthquakes may occur anyvhere, they are much mors,
frequent in the West than in the Bast., The expected useful lifetime of various
structures can alsc vary over wide limits. Such thoughts have lad to the
development of probabilistic methods of analyzing earthquake hazard, so that

the quantities being mapped can be said to have a given chance of being exceeded
within a preacribed time period (Cornell, 1968; McGuire, et al, 1989;
Algermissen, et al, 1982). These methods have the advantage of producing a
seismic hazard map of a2 more.uniform character over a large area, and of
permitting some consideration of the economic aspacts of various lifetimes
appropriate for different structures. It is of intereat that of the 35 building

codes mentioned above, six of thea include 2 probabilistic statement of some
kind,

DESCRIPTION OF EARTHQUAKE GROUND MOTION

The most complete description of earthquake ground motion for the engineer ia

the acceleration-time record produced by an instrumsnt which, with suitable

data procesaing, can give an accurate acceleration @eagsuremsnt over the frequency
range involved in engineering structures. With such an accelerogram as input

the structural enginesr can calculate the response of any given structure to

a prescribed level of accuracy. In practice, this may involve computational
difficulties and problems in producing adequate mathematical models of structural
details, but in principle the éarthquake input information is complets, The
problem is that there ssems to be no way to represent all likely acceleraticn—
time curves at a particular point on a map. The solution has been to abatract
from the accelerogram certain numerical quantities that can be mapped, and to
hepe that a small number of such parameters will be adequate to describe the
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likelihood of structural demage with an acceptabls accuracy. It is now generally
agreed that no one single quantity that can be derived from the accelerogras
will be adequate to describe structuyral damage for all types of structure.

There is a considerable difference of opinion as to the nuaber and nature of
such derived parameters that would be required. In the following, we shall
sumarize a nusber of suggestions vhich have been investigated, and shall try

to evaluate the present state of the problem.

GROUND MOTION PARAMETERS

Attempis to define ground motion parsmeters that are redsonably well correlatad
with structural damage fall into four categories: (1) modifications of the
amplitydes of the acceleration-time curve to reduce peak values in some system-
atic way; (2) new parameters calculated from the acceleration=time curves; (3)
defined quantities sssociated with the reaponse of typical systems; and (4)
combilnations of calculated quantities to produce composite parameters.

In the first category may be mentioned various filtering techniques, e.g.,
instead of using peak accelerations of the accelercgram, pick the peak accel-
eration from a filtered signal from which frequencies higher than those of
atructural interest have been eliminated (Page, et al, 1972}, Another approach
uses instead of the maximum acceleration of the highest peak, a lower pesk which
may be more representative of the repeated amplitudes of the strong—motion
portion of the record. Examples ars the “sustained maximum acceleration”,
defined as the value of the third or fifth largest peak values (Nuttli, 1979},
and the "repeatable high ground acceleration"”, which is the avarage of several
high acceleracion pesks below the onae or two major peaks (Ploessel and Slosson,
1974). Another approach examines a histogram of the number of peaks as a
function of sccelerstion, snd definas the "significant peak accelaration” as
some percentile lavel, say 90X, of this distribution {Bolt and Abrehamson, 1962),
Still another suggestion is to truncate the lavel of the accelerogrem so that
the integral of the reduced accelerogram squared ovar the length of the record
(the input energy) ia some standard fraction, say 95%, of that produced by the
original record (Sarma and Yang, 19687),

All of the above ideas aim at producing an acceleration value which may be mors
appropriately used for design purposss than the peak acceleration itself. None
of these proposals have besn sufficiently widely sccepted to replace peak
accelerations as the parametar most used in current engineering practice.

We shall next consider the second category of ground motion parameters, those
derived by calculation from the acceleration-time record. Perhaps the most )
useful is the integrsl of the acceleration squared over the langth of the record
- the total energy in the record. This can be shown to be the same, except
for the constant multiplier {T/2g), as the Arias Intensity, which is the sum
of the enargy dissipated per unit weight by all atructures in a population
covering the whole period range (Arias, 1970), A plot of the acceleration
squared integral versus time can give a very useful picture of the way energy
is fed into a structural aystem, as shown in the typical example of Figure 1.
The integral approaches a well-defined asymptotic valus vhich can be shown to
correlate well with damage for many typical structures (Housner and Jennings,
1977). Note that the slope of this energy-time curve gives the mean agquare

acceleration, ané the squars root of the slope is the RMS acceleration at each
point in time.

-0
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Fig. 1. Cumulative Energy Release, San Fernando 1971
Earthquake, Hollywood Storags Lot N9OE.

The RMS accaleration has often been auggested aa an appropriate measure of

ground motion (McCann and Shah, 1979). Among the advantages of this quantity
are; (1) it would be expected to be a more stable paraseter than peak accelera-
tion becauss it involves many pesks instead of just one; (2) it is directly
related to such faulting parameters as atress drop, seismic moment, stc.; and

(3) it ia easily related to certain probabilistic specifications of design
accelerations. Tt will be sean from Figure 1, however, that the RMS value (the
square root of the slope of the curve) is not well defined but varies videly
vith time. The definition of the RMS value is such dependent on the definition
of the duration of atrong motion., For a very short time durstion, the saximum
RMS value spproaches the peak acceleration, wheress for the whole record it

has a very much lover value. It also appesars that the sxpected stability of

the RMS accelerationa ia not realized in practice. 4n examination of the
correlations between EMS and peak accelsrations for Nany sarthquake accelerograms
has shown that the RMS values show about the same scatter as peak values (McGuire
and Hanks, 1980; McCann and Boors, 1983; Peng, Elghadess: and Mohrae, 1989),

In any =vent, RMS acceleration has so far not been genarally accepted in
engineering practice as a basic ground motion paramstar,

A parameter which hag recently been suggeated as being related to atructural
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damage is the "cumulative absolute velocity", the integral of the absolute
acceleration over the time duration of the earthquake, This is squivalent to
sumaing the velocity change from positive to negative peak for all of the cycles
of the acceleration (Reed, et al, 1988). An investigation of the correlation
of several damage paraseters with Modified Mercalli intensity indicated a some-
vhat better correlation with the cumulative absolute velocity than with Arias
Intensity, peak acceleration, or averaged responae spesctral acceleration based
on filtered accelerograms.

The frequency content of earthquake ground motion is usually described by
seilsmologists by the Fourier Amplitude Spectrum, For tha engineer, the raponse
spectrum is the preferred representation of frequency content, since it is more
directly related to structural bshavior. In particular, the smoothed Fourier
Spectrum lacks the clear physical msaning of the damped response spectrum
(Udwadia and Trifunsc, 1973).

Another quantity which can be calculated from the accelarogram is the Powver
Spectral Density, and this has been propcsed as a usetul representation for
earthquake engineering investigations. Power Spectral Density versua frequency
curves have besn used to reveal aignificant. differences betwasn earthqueke
sotions in rock and in various soils (Lai, 1982). More important is its use

in estimating various statistical properties of earthquake ground motions (Mohraz
and Elghadpmsi, 1989; Peng, Elghadamsi and Mohraz, 1989), It is of intereat

to note that in the Portuguese standard building code, in addition to a map
showing seismic hazard zones related to lateral force coefficiants, tables are
included giving Power Spectral Demsity in various zones at selected periods,

as well aa standard accelaration reaponse spactrum curvea (IAEE, 1988),

RESPONSE SPECTRA REPRESENTATIONS

Considering next proposec design parameters associasted with system response,

we look first at the direct use of response spectrum ordinates. Since
accelerstion responss spectral values directly relate to the lateral force
coefficients to be used for earthquake resistant design, structural enginesrs
have become accustomed to basing their designs on such response spectra, Becayse
the peak ground acceleration corresponds to spectral scceleration at the high
frequancy end of the scale, one important use of peak acceleration by design
engineers is to define one point on the response spectrum curves. A logical
suggestion is to by-pass the peak acceleration entirely, and -to produce the
basic seissic hazard map dirsctly in terms of responase spectrum values (McGuira,
1974; McGuire, 1977; Anderson and Trifunac, 1978; Katayama, 1979). Although
thia requires ssveral maps, one for each spectrum period, this is no practical
disadrantage, since it is now universally accepted that no asingle quantity,

be it peak accelerstion or any of its propowssd asubstitutes, will be adaquate

to descride structural damage. By uaing the probabilistic mathoda mentioned
above, spectral ordinates can be determined for a particular site at several
key points which will have an equal probability of being exceeded in a prescribed
time period, thus producing a "uniform hazard spectrua™ which can then be used
as a basis for seismic design. By repeating such caleulations for many sites,

a seisaic hazerd map can be produced. Such maps are now being prapared for

the United States for 5% damping snd two periods of 0,3 and 1.0 sec,, it having
been shown that these two pointas define the reaponse spectrum sufficiently

well for many practical design purposea {Algermissen, ar al, 1991),

Py
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A number of methods based on replacing actual response spectrum curvea by
simplified representations, usually by one or several straight line segments,
have been widely used in practice. An averaged spectral acceleration over a
prescribed period range is perhaps the simpleat suggestion (Reed, 1988)., A
procedure using several straight line segments has been used for many years

in a basic specification for seismic design of nuclear power plants by the
Nuclear Regulatory Agency. For the high frequency portion of the spectrum,

a conatant acceleration spectrum is obtained by multiplying the peak ground
acceleration by a conatant determined from a study of the spectra of recorded
earthquakes; for the interpediate frequency range, a constant velocity is
obtained by multiplying the peak ground velocity by another conatant, and for
the low frequency range, a constant displacement spectrum is obtained by multi-
plying the peak ground displacement by a third constant (Newmark and Hall, 1982).

A variation of this approximate spectrum method is that proposed in a compre-
hensive study by the Applied Technology Council of the Structural Engineers
Society of California (Applied Technology Council, 1978). Since this ATC 3-

06 document is perhape the most elsborate study so far produced by practicing
englneers, and has been considered as a starting point for the development of
several nev earthquake rasistant design codes, thease proposals will be briefly
reviewed here, The two basic hazard maps in this ATC 3~06 document involve

two quantities called the "effective peak acceleration” and the "effective

peak velocity-related acceleration”. The effective peak acceleration is defined
by dividing a constant average spectral acceleration curve in the period ranga

of 0.1 to 0.5 sec. by a constant factor of 2,5. The effective peak velocity-
related acceleration is obtained by dividing a constant average response velocity
curve around the period of 1 sec., by the same constant 2.5, and then consulting
a table for the value of the mapped parameter. Although these two sapped
parameters are thua closely related to rasponse spectrum curves, it does not
appear that the mapa were produced by first calculating response spectra at

many sites, and then reducing them to the mapped parameters using the above
definitions (Donovan, Bolt and Vhitman, 1978). The effective peak acceleration
maps were apparently prepared by starting with a probabilistic peak acceleration
tsp (Algermissen, et al, 1982) which was then modified in certain regions for
which the lateral force cosfficienta in local building codes had been extenaively
calculated by field studies after destructive earthquakes. Similarly, the
velocity-related map was based primarily on a peak ground velocity map
(Algermissen, et al, 1982), somevhat smoothed and modified. In the customary

use of the ATC 3-06 procedures, the mapped coefficients are entered into standard
formulas to produce the design lateral seismic forces at any pericd, which in
effect prescribes the design spectra without the need to refer to the physical
meaning of the mapped values in terma of their precise definitiona. The

ATC 3-06 proposals are a notable attempt to introduce two mapped parameters
vhile retaining the code format familiar to practicing engineers,

It is intereating to note how thess ATC 3-06 wapping methods have been intro-
duced in several modified forms in successive editions of the "NEHRP Recomsended
Provisions for the Development of Seismic Regulations for New Buildings™ (FEMA,
1985, 1988, 1991). The 1985 edition simply reproduced the maps of ATC 3-06
retaining the "effective peak acceleration” and the "effective peak velocity-
related acceleration" parameters. used in that document., The 1988 edition

also included alternative aaps of peak acceleration and peak velocity, being
easentially the maps of Algermissen, et al, 1982. This 1988 edition alse
includes alternate procedures aimed at producing the same lateral force
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coefficients for either set of maps. In the 1991 edition, equal probability
response spectrum ordinates were directly mapped for the United States in a
set of maps giving reaponsa apectrum accelerations at 0.3 second period and
at 1.0 seconds, for 90% probability of nonexceedance in 50 years and in 250
vears.,

Referring to response spectral representations, it should be mentioned that
many proposals have been made for modifying the simplified linear elastic
response spectra to allow for nonlinear plastic action which is expected for
nost destructive earthquake response (Newmark and Hall, 1982; Tennedy, et al,
1984). This requires of course the introduction of additional parameters such
as yield ratios,

Another spectrum derived quantity which has been proposed and widely investigated
as a parameter related to structural damage is the Housner Spectrum Intensity,
defined as the area under the 20X damped velocity response spectrum curve batween
periods of 0,1 to 2.5 sec, (Housner, 1952). Other values of damping and period
limicts have also been studied. In practice, ths corrslation batwesn spectrum
intenaity and structural damage for s whole range of structures has not been
conapicuously batter than paak accaleration or other measures discussed here.

We come now to the final category of potential mapping parameters - those
involving combinations of measured quantities to produce a composite parameter
which can hopefully be shown to correlate with structural damage. A first
example is a so-called "destructiveness potential”, vhich is equal to the Arias
Intensity divided by the square of the number of zero crossings per second of
the accelerogram (Arays and Saragoni, 1984), It has besn shown that this factor
correlates well with Modified Mercalli Intensities for & selected series of
ssrthquakes, and that it orders earthquake damage to typical building structures
reasonably vell. A second example is a factor defined on the basis of experience
with concrete structures, which is equal to the product of the RMS acceleraticn
to the 1.5 pover and time duration of shaking to the 0.5 power (Ang, Wen and
Park, 1984), The basic difficulty with all such composite parameters is that
they apply to only a limited range of structures and earthquakes., In any event,
no destructivensss factors of this type have so far been widely accepted, and
none have been mapped for design purposes {Bertero, 1991).

A NOTE ON DURATION

It is wall known that a long—continued ground shaking involving many repeated
load cycles is more damaging to structures than a short duration excitation.
Damage isa usunli!.y assoclated with non-linear bshavior in structural components,
and repested loadings cause deteriorating effects which must be accounted for.
As long as the syatem remains linear, response spectrum techniques include the
effects of duration. Once the system goss into plastic range, wvhich is to be
expected for the most damaging sarthquaks ground motiona, the duration of atrong
motion becomes an important additional parsmeter. The number of cycles of
shaking, and hence duration, alsc has a major influence on such phenomena as
soil liquifactioh, which often results in structural demage.

So far there seema to be no generally accepted definition of the durstion of

strong shaking. Perhaps the most videly usad measure refers to the energy-time
curve of Figure 1, and defines the duration as the time batween the SY and 95%
energy levels (Trifunac and Brady, 1975). Other fractions of the total energy
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level have also been suggested (Kennedy, et al, 1984), Other approaches include
the "bracketed" duration, the time from the firat exceedance of a specific ground
acceleration to the time at vhich the signal subsides below that level (Bolt,
1974), or the "fractional" duration which bases the threshold acceleration
levels on fractions of the peak acceleration (McGuire and Barnhard, 1979),

A variation of this approach takes as a threshold acceleration the value at
which a particular structure would begin to yield (Xie and Zhang, 1988),

A third approach examines the cumulative RMS acceleration values, taking the

end of the strong motion as the time at vhich the cusulative RMS value starts

a asteady decreass, and the baginning as the similer time for a time—reveraed
record (McCann and Shah, 1979), Still another procadure i3 to use the time

of faulting for the time durstion of strong ground motion (McGuire and Hanks,
1980). This of course requires a knovledge of source mechanism of the earth-
quake which is not always available. Unfortunately the various definitions

of duration result in wide differences of numerical values, and this has been
one of the difficulties in arriving at well-defined valuea for RMS acceleration,

In apite of the importance of duration for structural damage, there has been

to date no agreed—upon procedures for incorporating duration into design building
codes, Two recent propossls are aimed in this direction. The first develops

a wethod for estimating response spectra using RMS accelerations and a factor
which acceunts for duration of strong shaking (Peng, Elghadamsi and Molraz,
1989). A second approach takes as a starting point the three—straight line
Tesponse spectrum approximation discussed above, and modifies the amplification
factor in the wid-period range to account for the strong motion duration

(Fajfar and Fischinger, 1990).

It has besn suggested that a probabilistic seismic hazard map should be produced
for atrong motion duration along the linea of those prepared for peak accalera-
tions, peak velocities, and response spectrum ordinates. An investigation of
the feasibility of such a map showed first that durations cannot be predicted
with sufficient accuracy given the informetion likely to be available, and
second, that such a map would not add sighificantly to the information available
from peak motion parametera, as measurad by Modified Mercalli Intensity or by

several factors associated with Ylalding response spectrum values (McGuire and
Barnhard, 1979).

SPECIFICATION OF DESIGN GROUND MOTIONS

As vas mentioned above, the most complete information available on esarthquake

ground motiona is the accelerograph record itself. The best way to incorporate

such factors as duration into seismic deaign would be to calculate the response

of particular structural sodels to actuel earthquake accelerograms. It is

likely that future earthquake resistant design will increasingly by-pass spacial

parameters derived from accelerograms in favor of the records themsalves as

inputs to models, An englneering workshop convened in 1984 to decide on the

recommended form for ground motion specification concluded that the moat

desirable information for design would be an enseamble of ground motion time

histories of design size sarthquakes measursd in tha vicinity of a particular

structure (Jennings, 1985). The same conclusion was arrived at from a seismo- J
logical viewpoint by s study which concluded that in tha future seismologista
would move avay from the preparation of zoning maps in terms of a particular
parageter and would instead calculate complete seismograms from which engineers
could calculate any desired paramaters (Aki and Irikura, 1991}, A similar
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conclusion was reached in a recent investigation of seismic zoning in che
Eastern United States (Whitman and Algermissen, 1991).

To carry out such a plan will require the preparation of extensive cataloge -
of strong—motion accelerograms, along with complete information ss to the

conditions under which they were obtained, Such records and inforsation will

need to be in a widely available computer formst so that accelsrograms can be

classified in various ways and searched and displayed with ease. An lmportaat

step in thia direction is s catalog displaying accelerggrama to the same amplitude

and time scale, along with response spectra and related data, vhich serves as an

index to digital files on disks which can be accessed by telephons link (lee and

Trifunac, 1987).

CONCLUSIONS

1. No single parameter can be expected to d;inribo snough of the information
in an earthquake accelerogram to serve as & complete basia for sarthguaké »
reaistant design.

2. In apite of the obvious shortcomings of single—parameter repressntations,
they are still commonly used. Pesk ground acceleration is still the most
widely used parameter for this purpose and no other paramaters, such ss RMS
acceleration, pesk velocity, or spectral averages, have been convincingly shown

to be more stable parameters, or to in general corrslste better with structural
damage.

3. The direct use of response spectrum ordinates as uapping parameters offers

advantages to the engineer, at the sxpsnse of requiring more parsmeters and hence
more zoning maps.

4, Rather than define special parameters, design engineers will increasingly
move in the direction of assembling groups of typical accelerograms to serve
as inputs to computer models.

5. The problem of defining strong-mction duration, and introducing it into
feasible design procedures, has not yst bean solved.

6. So-called "effective" parameters, which have been modified in various vays
in an attempt to improve corrslations with structural damage, should be used
with great caution. Thers have bsen so many different definitions of the words
"affective", "significant", stc., that misunderstandings are likely to occur.

a
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