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ABSTRACT

Reports on the observed damage caused by destructive earthquake
ground motion and numerous instrumented studies have shown that the
nature of strong shaking is influenced by the local site conditions.
While the manner of characterization of these effects and the choice
of their physical "basis" still represents a topic associated with many
uncertainties, it has become possible, during the past several years,
to improve the description of these effects empirically. This report
presents some recent accomplishments in the analysis of these effects
by focusing on the dependence of Pseudo Relative Velocity spectrum
amplitudes on the "size" of local geologic inhomogeneities. It presents
the empirical scaling functions of these spectra in terms of (a) magni-
tude and epicentral distance, or (b) Modified Mercalli Intensity at the
site. It also considers differences between horizontal and vertical
ground motions, dependence of amplitudes on depth of alluvium deposits
beneath the site and the distribution of spectral amplitudes about the

empirical scaling functions.






INTRODUCTION

Numerous recent studies have shown that the site conditions con-
tribute significantly to the changes of amplitude (Trifunac and Brady,
1975; Trifunac, 1976; 1979; Trifunac and Anderson, 1977; 1978a,b;
Trifunac and Lee, 1978) and of duration (Trifunac and Westermo, 1976;
1977; Westermo and Trifunac, 1978; 1979) of strong earthquake ground
motion. There is Tittle doubt now that in the linear response range,
wave amplitudes with periods longer than about 0.3 sec are amplified
as they propagate through "softer" geologic deposits. Amplitudes appear
to be attenuated, though not significantly, for periods shorter than
about 0.3 sec, thus Teading to larger amplitudes of strong shaking
for high frequency at igneous rock sites.

As in other wave propagation phenomena, the amplitudes of strong
earthquakes waves once emitted from the source depend mainly on the
variation of impedance and on the "size" of the inhomogeneities en-
countered along the propagation path. If the impedance jump across a
discontinuity is large and if the size of the inhomogeneity is compar-
able to or greater than the wavelength of incident motion, major reflec-
tions and scattering will result in significant changes in the observed
amplitudes of motion. Since the strong earthquake shaking of interest
to earthquake engineering falls in the frequency range from about 0.1 Hz
to about 20 Hz and since the seismic wave velocity near the earth's sur-
face is in the range from about 0.1 km/sec to about 3 km/sec, it is seen
that the corresponding wavelengths are from about 50 km to about 30 km.

Thus, the geologic inhomogeneities of dimensions within and close



to this range will influence the observed wave amplitudes. Further-
more, since the strong shaking is typically destructive only at dis-
tances less than 50-100 km from the source (Trifunac and Brady, 1975),

it is seen that the entire transmission path will contribute to the
changes in wave amplitudes. It follows that the extent of "local" site
conditions must be measured in terms of the wavelengths associated with
the periods of motion which are most important for a particular analysis.
For a tall building, a dam, or a bridge, for example, these "local" site
dimensions might be of the order of 10 km. For a stiff, small building,
these dimensions may be from 10 m to several hundred meters.

How the "local" site conditions change the incident wave motions
depends also on the direction of wave arrival. In a realistic three-
dimensional setting the wave focusing and amplification may become very
complex and difficult to predict deterministically. If one knew (1)
where the next earthquake will occur, and (2) if one had a realistic
three-dimensional model of "local" conditions, it would be possible to
compute detailed transfer functions for a site. Unfortunately, at
present, neither of these two conditions can be met. The candidate
sites for future earthquake loci can be speculated on only through some
type of model of Tocal seismicity. The three-dimensional geologic map-
ping up to the depths of say 10 km is not available for many parts of
the world and when something is available, the spatial resolution and
detail may not always be adequate for the purpose of deterministic
computations. Even when must of the required information is available,
it still will be necessary to describe the result in terms of a distri-

bution function because: (1) earthquake sources are distributed in space



and time and their future occurrence can be described only in a probabilis-
tic manner; and (2) the deterministic calculations of waves propagating
in three dimensions through an inhomogeneous medium will, for some time,
be able to provide credible results only for periods of ground motion
Tonger than say 1 second (Anderson and Trifunac, 1977). Thus, it is
seen that some type of random approach for representation of higher
frequencies may be required.

At present, many investigators continue to study the effects of
Tocal conditions by employing simplified site classification in which
the overall depth of near surface soil layers is typically of the order
of tens of meters. From the linear wave propagation viewpoint, it can
be seen that this approach is capable of portraying the effects in the
high frequency range only (say, f>5 Hz). For these high frequencies
(short wavelengths), inhomogeneities in the top 10 km of the earth's
crust lead to significant "random" scattering so that it appears op-
timistic to expect that deterministic calculations for the top hundred
meters near the ground surface may have any significant additional
impact on the overall picture of the motion there.

Significant trends in the duration of strong shaking (Westermo and
Trifunac, 1978; 1979) and in the Fourier spectrum amplitudes (Trifunac
and Lee, 1978) at intermediate and at long period motion require that
local effects be measured on the scale of kilometers. This suggests
description of local conditions in terms of the overall geologic struc-
ture there. By using the geologic site classification of Trifunac and
Brady (1975), it has been possible to develop a family of empirical

scaling laws for different spectral amplitudes (Trifunac and Anderson,



1977; 1978a,b) and for the duration of strong shaking (Trifunac and
Westermo, 19763 1977). While these models will remain useful for the
estimation of amplitudes and of duration of strong shaking when only
limited near-surface geology is known at the site, analyses show that
a more refined site classification should incorporate some measure of
the "size" of the local inhomogeneities (Westermo and Trifunac, 1978;
1979; Trifunac and Lee, 1978).

The aim of this report is to show that the scaling of the Pseudo
Relative Velocity (PSV) spectra can be analyzed by introducing the
depth of sediments beneath the site as a scaling parameter. In general,
wave velocities and rigidities increase with depth. While these in-
creases may be irregular functions of depth, significant increases in
velocity and in rigidity should be experienced at the transition from
sediments into sound igneous rock. Therefore, the impedance jumps
and the depth of these discontinuities may then play an important role
in governing the wave amplitudes and the number of consecutive reflec-
tions (duration) of strong motion between the ground surface and this
"strongest" discontinuity. While the depth of sediments alone is far
from sufficient to describe all important properties of the local site
conditions, other analyses show that the depth as a parameter does
contribute to the changes of Fourier amplitudes and of duration.

The estimates of the depths of sedimentary and alluvial deposits
beneath recordihg stations considered in this analysis range from O km
to about 6 km, with most sites having depth less than about 4 km. Com-
putation of these depths and other characteristics of the data base is
described elsewhere and need not be repeated here (Westermo and Trifunac,

1978).



SCALING OF PSV SPECTRA IN TERMS OF M, R, h AND v

In following the direction of the preceeding analyses (Trifunac
and Lee, 1978), the dependence of the spectral amplitudes of strong
motion is presented here in terms of the functional form of the defini-
tion of the local magnitude scale, M, and with a "correction" function
which includes the effects of geologic site conditions (h), horizontal
versus vertical motions (v=0 for horizontal and v=1 for vertical), fre-
quency dependent attenuation and the distribution of observed amplitudes
with respect to the assumed model amplitudes. In contrast with the
earlier model for scaling of PSV spectrum amplitudes (Trifunac and
Anderson, 1977) which was based on rough site classification (s=0 for
alluvium, s=2 for igneous basement rock sites, and s=1 for intermediate
sites), in this paper, we introduce a more continuous dependence on the
"size" of local geologic conditions ‘in terms of h (measured in km) and
representing the depth of sediments beneath the station. The scaling
equation is then

1og]0[PSV(T)] = M-+1og1OAO(R)— b(TI)M=-c(T) -d(T)h-e(T)v

- F(T)M - g(T)R . (1)
In (1), PSV(T) is the amplitude of PSV spectra at period T and 1091OA0(R)
represents the empirically determined function describing the overall
attenuation of amplitudes with epicentral distance, R (Richter, 1958).

The scaling functions b(T) through g(T) are determined through the
regression analysis at 91 periods. This analysis is performed in such
a way as to minimize the possible bias in the result that may come from
uneven distribution of data among magnitude, site conditions and from

the abundance of data for some earthquakes. A1l procedures in data



preparation and selection, and the form of the regression analysis
employed here are the same as in Trifunac and Lee (1978), and in
Trifunac and Anderson (1977), and thus will not be repeated here.

After smoothing along 1og]OT axis, the functions a(T) through g(T)
(Figure 1) can be described by their amplitudes at 11 periods between
T=0.04 sec and T=7.5 sec (Table I). The 11 periods appear to be
sufficient for most practical computations since the smoothness of b(T)
through g(T) is such that almost any interpolation scheme will yield
adequate estimates of their amplitudes at intermediate periods.

The functional form of the dependence of 1og]O[PSV(T)] on h was
examined in some detail since there is no obvious physical reason why
it should be Tlinear in h. Several regression analyses have shown that
only d(T)h is a significant contributor to (1) with coefficients of h2,
h3 and higher powers of h Teading to the values which were undistinguish-
able from zero at 95% confidence level.

If G(T) through E(T) represent the best estimates of the functions
b(T) through g(T), the 1og]O[P§V(T)] represents the best estimate of
1og]O[PSV(T)] at some period T. The residuals

e(T) = Tog;o[PSV(T)] - Tog, ([PSV(T)] (2)

where in 1og]O[PSV(T)] the PSV spectrum is computed from recorded accel-
erograms then describe the distribution of the observed PSV(T) about the
estimated P§V(T). In this work, we assume that ¢(T) can be described

by a distribution of the form (Trifunac and Anderson, 1977; 1978a)

p(e,T) = [1-exp( - exp(al(T)e(T) +p(T))) M) (3)
where p(e,T) represents the probability that 1og]O[PSV(T)] -1og]O[P§V(T)]
<e(T). From (3), it follows that e(T)=1/a(T) [zn(-znfl-p]/N)) - B(T)]
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and this result can then be employed to calculate from (1) the spectral
amplitudes which have a probability p of not being exceeded.

The probability p*(e,T) that €(T) will not be exceeded can be cal-
culated at different periods T from amplitudes of PSV(T) spectra com-
puted from recorded accelerograms and from P§V(T) estimated from (1).
After finding the fraction of the residuals (T) which are smaller
than a chosen value, for P*(e,T)=0.1, 0.2, ..., 0.8 and 0.9, &(T)
smoothed along the 1og]OT axis then appears as in Figure 2 for five
fractions of critical damping, £ =0.0, 0.02, 0.05, 0.10 and 0.20. The
smoothed surface p*(e,T) thus represents the distribution of data
(1og1O[PSV(T)], computed from recorded accelerograms) with respect to
the estimate 1og]O[P§V(T)] in equation (1).

By means of a regression of equation (3) on the data presented in
Figure 2, it is possible to compute the estimates of a(T), B(T) and
N(T) at 91 periods between 0.04 sec and 15 sec. Figures 3 and 4 show
smoothed o(T), N(T) and B(T). a(T) and B(T) are shown for five damping
values between 0.0 and 0.20. Dependence of N(T) has been neglected.
Figure 5 presents the largest differences in the Kolmogorov-Smirnov
test and the XZ amplitudes plotted versus T and assuming that the model
in equation (3) with coefficients o(T), B(T) and N(T) as in Figures 3
and 4 describe the observed distribution. The theoretical limits on
the K-S and xz amplitudes for 95% confidence level are also plotted
in Figure 5 and show that except for high frequencies and the XZ test,
the model in equation (3) appears to be adequate for describing p(e,T)
in Figure 2. Figure 6 then presents the average, u(T), and the standard

deviation, o(T), for €(T) in Figure 2 and for five dampings, ¢.
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Table I presents the estimates of b(T) through g(T), o(T), B(T)
and N(T) at eleven selected periods and for five percentages of criti-
cal damping £ =0.0, 0.02, 0.05, 0.10 and 0.20. Approximate significance
tests (Westermo and Trifunac, 1978) of the coefficient functions b(T)
through g(T) (vertical bars in Figure 1 correspond to the 95% confidence
interval) show that all these functions are significantly different from
zero in large subregions of the entire interval Te [0.04 sec, 15sec]. The
function d(T), for example, is significantly different from zero for
periods longer than about 0.3 sec. Table II presents 1og]0Ao(R) which
has been empirically determined for southern California (Richter, 1958).

Equation (1) applies in the interval M in

-b(T)/(2f(T)) and M. = (1-b(T))/(2F(T)). For M<M . .

= MSMmax’ where Mmin =
M is used only
in the first term M in equation (1), while in the terms b(T)M and
fF(T)M™, Mmin is used. For MEszax, M==Mmax is used in all terms of (1).
The reasons for this are described in Trifunac (1976) and in Trifunac
and Anderson (1977), and reflect the observations that the local Richter
magnitude scale, which is representative of most data employed in this
analysis, appears to become saturated as M grows beyond 7 to 7.5.
Figures 7 through 16 present examples of PSV(T) spectra computed
from equation (1) and for M=4.5, 5.5, 6.5 and 7.5, for h=0 and 4 km,
for p=0.5 and for ¢=0.0, 0.02, 0.05, 0.10 and 0.20. The shaded re-
gions in these and many subsequent figures represent the range between
average and average plus one standard deviation of minimum recording
and digitization noise amplitudes. These noise amplitudes have been

computed by digitization of a fine straight Tine (Trifunac, 1976) which

is 2 to 3 times narrower than the 4 x enlargements of typical acceleration
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TABLE II

1og]0Ao(R) Versus Epicentral Distance R

R(km) -1og]0AO(R) R(km) -]og]OAO(R) R(km) -1og1OAO(R)

0 1.400 70 2.805 190 3.480
5 1.500 80 2.920 200 3.530
10 1.605 85 2.958 210 3.581
15 1.716 90 2.989 220 3.631
20 1.833 95 3.020 230 3.680
25 1.955 100 3.044 240 3.729
30 2.078 110 3.089 250 3.779
35 2.199 120 3.135 260 3.828
40 2.314 130 3.182 270 3.877
45 2.421 140 3.230 280 3.926
50 2.517 150 3.279 290 3.975
55 2.603 160 3.328 300 4.024
60 2.679 170 3.378 310 4.072
2 3.429 320 4.119

.746 180

R(km) -1og]0AO(R) R(km) —1og]OAO(R)

330

4.164 470 4.660
340 4.209 480 4.685
350 4.253 490 4.709
360 4.295 500 4.732
370 4.336 510 4.755
380 4.376 520 4.776
390 4.414 530 4.797
400 4.451 540 4.817
410 - 4.485 550 4.835
420 4.518 560 4.853
430 4.549 570 4.869
440 4.579 580 4.885
450 4.607 590 4.900
460 4.634

*
Only the first two digits may be assumed to be significant.
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traces. Comparison of these noiseamplitudes with the results of recent
studies presented by Trifunac and Lee (1979) shows that for high fre-
quencies (f>5 Hz) spectrum amplitudes resulting from hand-digiti-
zation noise are slightly larger or comparable to the noise ampli-
tudes resulting from well-controlled automatic digitization. At long
periods, the noise amplitudes shown in figures 7 through 16 are 2 to 3
times smaller than the estimates of noise amplitudes presented by
Trifunac and Lee (1979). While it appears now that the most reliable
estimates of digitization and processing noise are those presented by
Trifunac and Lee (1979), in all previous calculations we used the wave
amplitudes as presented in Trifunac (1976). For consistency with all
earlier analyses and without any significant effects on the results
which are presented here, we employ the same noise amplitudes in this
work.

The trends of computed PSV(T) spectrum amplitudes in Figures 7
through 16 are in many ways similar to those discussed by Trifunac
and Anderson (1978a). The rate of growth of amplitudes with M
clearly decreases as M approaches M=7.5. The effect of local geologic
conditions is important for intermediate and long periods and small for
high frequencies. This is illustrated by full and dotted Tines in
Figures 7 through 16 which represent spectra for h=0 and h=4 km.
The vertical spectrum amplitudes are nearly as large as the horizontal
amplitudes for high frequencies.

Figures 17 through 21 illustrate the effects of epicentral dis-
tance R and damping ¢, on the changes of spectral amplitudes for p=0.5,

M=6.5, h=2 and for horizontal (full lines) and vertical (dotted 1lines)
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motions. It is seen that for small ¢ vertical and horizontal spectrum
amplitudes are nearly the same. With increasing damping the high fre-
quency spectrum amplitudes of vertical motions become progressively
smaller and for ¢ =0.20 the shapes of horizontal and vertical spectra
become similar and not too dependent on epicentral distance R.

Figures 22, 23 and 24 compare the amplitudes of PSV spectra com-
puted from acceleration recorded during the Imperial Valley, California
earthquake of 1940, in E1 Centro, with spectrum amplitudes from equa-
tion (1) for p=0.1 and 0.9, M=6.4, h=19500 ft, R=15 km, £ =0.0,
0.02, 0.05, 0.10 and 0.20, and for vertical and two horizontal compo-
nents. The agreement between computed and observed amplitudes is

fair for vertical motions and good for horizontal motions.
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SCALING OF PSV SPECTRA IN TERMS OF MMI, h AND v

Following our previous work (Trifunac, 1979; Trifunac and Lee,

1978), we write

1og]O[PSV(T)] = b(T)IMM-Fc(T)-+d(T)h~ke(T)v (4)

where IMM represents a numerical value (1,2,3,...,11 and 12) assigned
to the corresponding level on the Modified Mercalli Intensity (MMI)

at the site (I,II,..., XI and XII) (Trifunac, 1979), and h and v have
the same meaning as in (1). The explicit dependence of PSV(T) on epi-
central distance is omitted here. Such dependence would decrease the
uncertainties associated with the estimation of PSV(T) in (4), but would
render the expression applicable only to those regions which have simi-
lar intensity attenuation with distance as southern California, the
source of most records in the present data base. Though a particular
intensity of shaking can be assigned for a small nearby earthquake as
for a distant large earthquake, formally equation (4) depends only on
the MMI at the site and thus is more general. A recent study (Anderson,
1979) has confirmed the usefulness of this approach by showing that the
end result in earthquake risk mapping based on equation (4) leads to
equal or smaller uncertainties than the scaling based on equation (1)
which includes explicit dependence on R.

The estimates of b(T) through e(T), denoted by B(T) through g(T),
have been computed for the regression analysis at 91 periods between
0.04 sec and 15 sec, and smoothed along 1og]0T axis (Figure 25). Table
III presents these amplitudes at eleven selected periods. Figure 26
presents the residuals e(T) as defined in equation (2) by the difference

between 1og]0PSV(T) and 1og]0PSV(T) for ¢=0.0, 0.02, 0.05, 0.10 and 0.20.
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Figure 25
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The coefficients o(T), B(T) and N(T) in equation (3), which also applies
here, are also given in Table III. By choosing the probability that
10910PSV(T) will not be exceeded, computing the corresponding (T) and
adding this to PSV(T) amplitudes in equation (4) will yield a distri-
bution of spectral amplitudes for given IMM’ h and v.

Figure 27 shows the plot of a(T), B(T) and N(T) versus T computed
from regression analysis of the data on €(T) (Figure 26) and in terms of
the assumed distribution function given by equation (3). The expected
value u(T) and the standard deviation o(T) of this distribution are
also shown in Figure 27. Figure 28 shows the smoothed largest differ-
ences (Kolmogorov-Smirnov test) between the distribution of &(T) as
modeled by equation (3) and the data (Figure 26) as well as the ampli-
tudes of XZ test versus period T. Comparisons with theoretical limits
corresponding to the 95% confidence level show that the distribution
function, defined in equation (3), together with the scaling functions
a(T), B(T) and N(T), is an acceptable candidate for analytic approxi-
mation of the distribution of log,,[PSV(T)] with respect to the estimate
Tog, o [PSV(T)1.

Figures 29 through 38 present examples of PSV(T) spectral amplitudes
computed from equation (4) and for MMI =1V, VI, VIII, X and XII, h=0,

4 km, ¢£=0.0, 0.02, 0.05, 0.710 and 0.20, and for vertical and horizontal
motions. The plotted amplitudes for MMI levels X and XII are outside
the range wheredata is now available and thus cannot be tested. Those
amplitudes should be considered here only as an illustration of what
results from extrapolating on the basis of equation (4). Figures 39,
46 and 41 show comparison of spectra based on equation (4) (MMI =VIII,

h=19,500 ft), and the corresponding spectra from recorded accelerograms.
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As suggested by Trifunac and Anderson (1977; 1978a,b) and Trifunac
and Lee (1978), it is useful to check the internal consistency between
equations (1) and (4). Considering the distribution of the available
data among different epicentral distances, magnitudes and site inten-
sities (Trifunac and Anderson, 1977), it is seen that the "degree of
extrapolation" into the range of "largest amplitude of motion" is
smaller for equation (1) than for equation (4). The bulk of the avail-
able data is now distributed between M=4.0 and M=7.5 and between MMI
= IV and MMI =VII through VIII. If the "largest amplitudes of strong
shaking" correspond to M=7.5 to 8 with R=0 km and MMI = XII, it will
be seen that because of the saturation of the magnitude scale near
M=7.5 to 8 (Trifunac, 1976; Trifunac and Anderson, 1977) equation (1)
formally does not require much extrapolation before M==MmaX is reached.
On the other hand, extrapolation to MMI = XII on the basis of a regres-
sion model based on the data between MMI =1V to VIII is considerable,
since there are four intensity levels between MMI = VIII and MMI = XII
as there are between MMI =1IV and MMI =VIII. Figures 42 and 43 show
the Targest amplitudes of PSV spectra for M=8.5 and R=0 and for
MMI = XII. Both sets of spectra are plotted for h=2 km, £=0.0, 0.02,
0.05, 0.10 and 0.20, and for vertical and horizontal motions. It is
concluded from these figures that the slope Of equation (4) with re-
spect to IMM is not contradicted by comparison with extrapolation

based on equation (1).
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CONCLUSIONS

The empirical scaling equations for PSV spectrum amplitudes pre-
sented in this paper display a number of trends in the amplitudes of
strong earthquake shaking which should be useful for their estimation.
Inasmuch as so-far available data has been employed in this work, to-
gether with detailed scaling relationships which were tested previously
in similar (Trifunac and Lee, 1978) and related analyses (Trifunac and
Anderson, 1977; 1978a,b), it is noted here that the nature of these
models must be considered as preliminary only. These models will have
to evolve continuously through introduction of additional significant
scaling parameters and through the improvement in the existing func-
tional form of equations like (1) and (4). These improvements must be
based on the physical nature of the phenomenon and various present and
future new terms in the empirical scaling function should be based on
the functional form predicted by theory and experiment.

Numerous recent analyses with objectives similar to those in this
paper, have addressed the problem of empirical scaling of strong motion
characteristics through the formalism of a regression analysis only and
on the basis of often arbitrary functional forms which are convenient
for the fitting routines but cannot be judged by known physical features
of the problem. An attenuation often chosen in many regression analyses
of the amplitudes of strong shaking is of the form (a +R)™", for ex-
ample, where a and n are constants determined through some fitting
routine. While this functional form of attenuation can model one type

of wave in one distance range, it is not capable of describing the
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4, ~R'2), body waves (~R']) and surface waves

near-field terms (~R~
(~R%) simultaneously in one scaling relation. By using log1OA0(R) de-
termined empirically in southern California, we have, through experi-
mental means, approached the attenuation description in a physically
proper way. In this sense, as many terms as possible in the empirical
regression analysis should be based on, or be directly motivated by, the
fuﬁctiona] forms known to us from the earthquake fracture mechanics and
the wave propagation theory. Formal regression analyses may eventually
suggest the proper scaling forms but sound theoretical basis or at
least consideration of the known laws of wave propagation coupled with
detailed regression analysis of recorded motions will provide much
faster and more direct avenues towards the improved scaling relation-
ships. Though such principles have governed our choice of terms in
equations (1) and (4), much remains to be improved. For example, it
is clear that the attenuation of amplitudes with distance must depend
on the size of the fault relative to R and thus, on M or MMI at the
epicenter. It also must depend on the geologic features of the propa-
gation path in the sense analogous to the effects of local geologic
conditions. Inasmuch as it is possible to develop theoretical models
for such dependence, the present data base seems inadequate to justify
detailed analyses of fhis type because the small number of recordings
is just not sufficient to test and discriminate among many specific
theoretical assumptions.

At present, the simple rough models in equations (1) and (4) show
that there is significant effect of geologic site conditions in inter-

mediate and Tong period waves. The average values of response
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amplitudes increase with depth, h, of local sediments, if the period

of ground motion is longer than about 0.3 sec. The scatter in parti-
cular recordings with respect to these average trends, however, in-
creases with the size and complexity of the geologic conditions. For
periods shorter than about 0.3 sec amplitude changes with h are small.
Though the systematic trends appear and lead to larger amplitudes on
igneous basement rocks there, the data and the scaling models considered
do not lead to d(T) which is significantly different from zero at high
frequencies.

The changes of PSV spectrum amplitudes and of its overall shape
depend simultaneously on magnitude, Tocal intensity, epicentral dis-
tance, horizontal versus vertical motions, local geologic conditions
and the probability that certain amplitudes of a chosen T will be ex-
ceeded. In practical terms, this means that the common procedure(s)
for prediction of response spectrum amplitudes in terms of some peak
of ground motion (typically peak acceleration) and a "standard spectrum
shape(s)" cannot provide a scaling method which is capable of producing
spectral amplitudes which are consistent with recordings at all levels
of shaking, under different local conditions and uniformly for all
periods of motion. The direct method of estimating spectral amplitudes
as presented here offers all these advantages simultaneously and eli-
minates the uncertainties which result from using the scaling in terms

of peak acceleration.
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