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ABSTRACT

This report presents two empirical models for estimation of
Relative Velocity Spectrum amplitudes (SV), for scaling in terms of
(i) earthquake magnitude and epicentral distance, or (ii) Modified
Mercalli Intensity (MMI), at the recording station. These models
also present dependence of SV amplitudes on geologic site conditions,
horizontal or vertical direction of motion and on the selected confi-

dence level that the chosen spectrum amplitudes will not be exceeded.






INTRODUCTION

This report is the last in a series devoted to characterization
of strong earthquake ground motion in terms of geologic site classifi-
cation. It presents two empirical scaling functions for relative
velocity spectrum amplitudes, SV. This series of reports was initiated
with the analysis of duration of strong shaking (Trifunac and Westermo,
1976a,b) and continued with empirical scaling models for Fourier ampli-
tude spectra (Trifunac, 1976, 1978), absolute acceleration spectra, SA
(Trifunac and Anderson, 1977), and pseudo relative velocity spectra,
PSV (Trifunac and Anderson, 1978). In this report, we employed the
same scaling functional forms as in all our previous work to derive
the empirical dependence of spectral amplitudes on (1) magnitude, M,
epicentral distance, R, or (2) Modified Mercalli Intensity, MMI, at the
recording station.

The essential common link in this series is the characterization of
the recording site conditions in terms of a rough site classification,
s, with essentially two groups: (1) alluvium and sediments (s=0) and
(2) sound igneous rock (s=2). For the site which cannot be unequivocally
grouped into s=0 or s=2, typically corresponding to consolidated sedi-
mentary rock or to a complex geologic environment (Trifunac and Brady,
1975), we have selected an "intermediate' classification, s=1. Current
research by the authors has shown that a more refined site characteriza-
tion is possible in terms of the depth of sediments at each recording

station. In numerous circumstances, however, little is known about the



depth of alluvium and sedimentary layers at a site so that the scaling
in terms of s=0, 1 and 2 remains a useful approach to the scaling of
amplitudes and the duration of strong shaking.

The data on SV spectra which represent the basis for empirical
models presented here consists of the same 186 records studied in our
previous work. For completeness of this presentation, we summarize the
distribution of this data among different magnitudes, Modified Mercalli
intensities and site classification groups. The distribution of data
among magnitude intervals is as follows: 3.0 to 3.9, 1 record; 4.0 to
4.9, 5 records; 5.0 to 5.9, 40 records; 6.0 to 6.9, 129 records; and
7.0 to 7.9, 7 records; unknown, 4 records. The distribution of data
among seven intensity levels is as follows: MMI =III, 1 record; MMI =1V,
3 records; MMI =V, 34 records; MMI =VI, 66 records; MMI =VII, 75 records;
MMI = VIII, 6 records; and MMI =X, 1 record. The majority of recordings
(117) were registered on stations located on alluvium and sedimentary
deposits (classified under s=0; see Trifunac and Brady, 1975, for a
detailed description of this classification and examples of assigning
s=0, 1 or 2 to selected sites), 52 records came from stations located
on intermediate type rocks (s=1), and 13 records came from stations on
basement rocks (s=2).

To describe the effects of digitization and processing noise on
the amplitudes of SV spectra we employed the data on hand-digitized
straight line (Trifunac, 1976, 1978) to calculate SV spectra that would
result from digitization and processing noise only. The spectra that

result from this noise, for durations of noise record equal to 15 sec,



30 sec, 60 sec, and 100 sec are presented in this report in all figures
which deal with SV amplitudes. Following the procedures described by
Trifunac (1976), 13 individual digitizations were used to compute SV
spectrum amplitudes. Figures in this report then present the average
and average plus one standard deviation of SV amplitudes for these

13 records.



MODELS FOR SCALING SA SPECTRA

Following the previous work on scaling Fourier amplitude spectra,
(Trifunac, 1976, 1978), absolute acceleration spectra, SA (Trifunac and
Anderson, 1977), and pseudo relative velocity spectra, PSV (Trifunac and
Anderson, 1978), we write the empirical equations for scaling the rela-
tive velocity spectra, SV, at an undamped period, T, of a single-degree-
of-freedom, viscously damped, oscillator as

1og10[SV(T),p] = M*—loglOAo(R)-a(T)p-—b(T)M-—c(T)-d(T)s

e(T)v - £(T)M* - g(T)R (1)
and

1og10[SV(T),p] = a(T)p-+b(T)IMM+-c(T)-+d(T)s~+e(T)v . (2)

In (1), M represents published earthquake magnitude, which for most
data points in this work (consisting of 57 earthquakes), corresponds to
the local magnitude scale ML (Richter, 1958). loglOAo(R) (Table I) de-
scribes amplitude attenuation with distance, R, between the station and
earthquake epicenter. Parameter p, between 0.1 and 0.9, approximates the
probability that SV(T),p will not be exceeded. s describes local geolo-
gic site classification (Trifunac and Brady, 1975) with s=0 for alluvium
sites, s=1 for "intermediate' sites, and s=2 for basement rock sites.

v stands for component direction, with v=0 used for horizontal and v=1

for vertical spectral amplitudes. In (2), I,. represents numerical

MM

values assigned to the MMI levels with IMM =3, 4, 5,... corresponding

to MMI = III, IV, V,... . The meaning of p, s and v in (2) is identical

to that in equation (1).



TABLE I

*
loglvo(R] Versus Epicentral Distance R

R (km) —loglOAo R (km) —logloAO(R) R (km) mloglvo(R)
0 1.400 140 3.230 370 4.336
5 1.500 150 3.279 380 4.376
10 1.605 160 3.328 390 4.414
15 1.716 170 3.378 400 4.451
20 1.833 180 3.429 410 4.485
25 1.955 190 3.480 420 4.518
30 2.078 200 3.530 430 4.549
25 2.199 210 3.581 440 4.579
40 2.314 220 3.631 450 4,607
45 2.421 230 3.680 460 4.634
50 2.517 240 3.729 470 4.660
55 2.603 250 3.779 480 4.685
60 2.679 260 3.828 490 4.709
65 2.746 270 3.877 500 4.732
70 2.805 280 3.926 510 4.755
80 2.920 290 3.975 520 4.776
85 2.958 300 4.024 530 4.797
90 2.989 310 4.072 540 4.817
95 3.020 320 4.119 550 4.835
100 3.044 330 4.164 560 4.853
110 3.089 340 4.209 570 4.869
120 3.135 350 4.253 580 4.885
130 3.182 360 4.295 590 4.900

Only the first two digits may be assumed to be significant.




As in our previous work dealing with empirical scaling of Fourier,
absolute acceleration, and pseudo relative velocity spectrum amplitudes,
the functional form of equation (1) has been motivated by the definition
of local magnitude scale (Richter, 1958) which states that the logarithm
of response amplitude on a standard instrument and corrected for atten-
uation with R (loglvo(R)) is equal to M. The terms a(T)p+b(T)M+ c(T) +
d(T)s%—e(T)v-Ff(T)MZ-fg(T)R then represent an empirical correction function
in M, s, v and R. The terms b(T)M and f(T)M2 are motivated by previous
approximate source spectrum analysis (Trifunac, 1973) and by direct
observation of spectral amplitudes computed from recorded accelerograms
(Trifunac, 1976). Anelastic amplitude attenuation with distance, R, is
often described by exp{— %g%] where Q is attenuation constant and B is
shear wave velocity. g(T) does not correspond directly to (w/TQB)loglOe,
however, since anelastic attenuation is also included in IOgIOAo(R)'
Functions d(T) and e(T) model frequency dependent changes of spectral
amplitudes with respect to geologic site conditions and direction of
motion, respectively.

To derive scaling functions a(T), b(T) through g(T), all data was
partitioned into groups corresponding to magnitude ranges 4.0 to 4.9,

5.0 to 5.9, 6.0 to 6.9 and 7.0 to 7.9. These groups were further divided
into three sub-groups corresponding to site classification s=0, s=1 and
s=2. Each of these sub-groups was finally subdivided into two parts
corresponding to v=0 and v=1. Within each of these parts, n data points
on loglo[SV(T)] —NI—loglOAO(R) were rearranged to create a monotonically

decreasing sequence. With m=integer part of (pn) and 0.05sp=<0.95,



the mth point then represents an ¢stimate of an upper bound on
loglo[SV(T)] -bléloglOAo(R) for which 100p percent of the correspond-
ing data set is less than that value. In subsequent regression calcu-
lations, at most 19 values of p=0.05, 0.10, 0.15, ee., 0.90 and 0.95
were used to eliminate strong dependence of the final regression model
on those earthquakes which contribute most to the present data set.
For instance, the San Fernando, California, earthquake of 1971 contri-
buted 98 to the total of 187 records available for this study. The
above method of data screening eliminated about 70 percent of San
Fernando records before regression analysis at each T is performed to
compute a(T), b(T), ..., and g(T).

For computation of a(T), b(T), ..., e(T) in equation (2), a similar
procedure was adopted. The data on loglOSV(T) were first distributed
into groups corresponding to intensity levels III, IV, V, VI, VII,

VIII and X and then into sub-groups and parts, as above, corresponding
to site classification and component direction. From that point on,

and prior to regression analysis, the same procedure of eliminating data
from different groups and parts, to diminish undue influence of earth-
quakes which generated numerous records, was followed.

a. Correlations in Terms of M, R, p, s and v

Figure 1 presents the functions a(T), b(T), ..., f(T) and g(T)
in equation (1) that resulted from regression analysis at 91
selected periods T and for five fractions of critical damping
g =0.0, 0.02, 0.05, 0.10 and 0.20. It shows coefficient func-

tions smoothed by an Ormsby filter along logloT axis. Table II
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11

presents amplitudes of a(T) through g(T) at eleven selected periods. These
coefficients yield SV in units of inches/second.

It has been suggested that close to an earthquake source, strong
motion amplitudes cease to grow with magnitude, M (Trifunac, 1973).
Several studies which dealt with empirical scaling of epicentral
amplitudes (Trifunac, 1976; Trifunac and Anderson, 1977, 1978) have
further confirmed that this interpretation is not contradicted by
the data so far available. For this reason and to maintain consis-
tency with our previous work, we re-write equation (1) as follows:

\
(-M + ap + bM +c+ds+ev+ﬂf + gR Mz=M
max max max max
<-M+ap+bM+c+ds+ev+fM2+gR > M. SMsM
min max
-M+ ap+ bM_. +c+ds+ev+fM% + gR MM .
\ min min ) min

Here, Mmin==b/2f and Mmax= (1-b)/2f. It can be seen then that with

these modifications, (1) assumes linear growth of loglo[SV(T),p] with

M for M<M . , parabolic growth for M . =M=M and no growth for

min min max

M=M___. Figure 2 presents the plot of Mmax versus T and for

¢z = 0.0, 0.02, 0.05, 0.10 and 0.20. It shows that this analysis

suggests that SV amplitudes cease to grow for M27.5 to 8, in agree-

ment with analogous correlations of pseudo relative velocity spectra,

PSV (Trifunac and Anderson, 1978), absolute acceleration, SA (Trifunac

and Anderson, 1977), and Fourier amplitude spectra (Trifunac, 1976).
Functions a(T), d(T) and e(T) are very similar to those presented

previously for scaling of PSV and SA spectra. The short period part
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13

of e(T) is also very similar to e(T) for PSV and SA spectra.
However, for long periods in Figure 1, e(T) is larger than in
previous analyses suggesting greater differences between vertical
and horizontal SV spectra relative to the corresponding differences
for PSV and SA spectra. Functions b(T), c(T), and £(T), if com-
pared with our previous work (Trifunac and Anderson, 1977, 1978)
reflect differences in units employed in scaling different spectra
as well as frequency dependent variations of different spectral
amplitudes.

Figures 3 through 12 show horizontal and vertical SV amplitudes
plotted for ¢ = 0.0, 0.02, 0.05, 0.10 and 0.20, for p=0.5, R=0 km
for the five magnitudes (M=4.5, 5.5, 6.5, 7.5 and 8.5) and two
geologic site classifications (s=0 for alluvium and s=2 for base-
ment rock). For completeness in presentation, though outside the
magnitude range for which data is now available, spectra for M=38.5
have been plotted to show that, according to these correlations,
maximum SV amplitudes are essentially recorded for M=7.5+. All
Figures 3 through 12 also present the average and average plus one
standard deviation of SV amplitudes computed from digitization and
processing noise.

The approximate noise elimination scheme used by Trifunac and Anderson
(1977) has been used in this work as well. However, some distortions
in a(T) through g(T) are inevitable for T> 2 sec and T<0.05 sec.
Consequently, equation (1) should not be used for T> 2 sec and for

small magnitudes, typically M<5.0. Spectral amplitudes from
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equation (1) should be relatively free of noise distortion at
those periods, selected separately for each magnitude, which are
plotted in Figures 3 through 12.

Figures 13 through 18 present a comparison of recorded with
computed SV spectra. Spectra were computed for p=0.9 and 0.1,
for £ = 0.0, 0.02, 0.05, 0.10 and 0.20, and for M, R, and s cor-
responding to recording conditions at the Pacoima Dam site (Figures
13, 14 and 15) during the San Fernando, California, earthquake of
1971 and at the El1 Centro Site (Figures 16, 17 and 18) during the
Imperial Valley, California, earthquake of 1940. The interval
between SV spectra for p=0.9 and 0.1 represents approximately
the 80 percent confidence interval where the spectra of recorded
motions would be expected to be. As can be seen from these figures,
more than 80 percent of recorded spectral amplitudes are within
the predicted 80 percent confidence interval. Different figures
in this group show various degrees of agreement between predicted
and computed SV amplitudes.

Correlations in Terms of IMM, p, s and v

Figure 19 and Table III present scaling functions a(T), b(T),
c(T), d(T), and e(T) which result from regression analysis in terms
of equation (2). As for scaling in terms of M, R, s, v and p,
these scaling functions have been smoothed by an Ormsby low-pass
filter along logloT axis. Table III presents a(T) through e(T) at
eleven selected periods and for five fractions of critical damping
.

Consistent with previous correlations, equation (2) assumes
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that loglO[SV(T)] amplitudes can be approximated by a linear
dependence on IMM’ discrete numerical levels ranging from 1 to 12
and corresponding to twelve MMI levels I through XII (Trifunac,
1978; Trifunac and Anderson, 1977; 1978). For the range between
MMI = IV and MMI = VIII where the data is concentrated, this assump-
tion appears to be adequate for approximate correlations as in
equation (2).

Figures 20 through 29 present SV spectra plotted for MMI levels
4, 6 and 8 with heavy lines and for MMI levels 10 and 12 with light
lines. Since data is now marginally adequate to characterize em-
pirical models for MMI levels up to VII and perhaps to VIII,
heavy lines indicate the MMI range where equation (2) should apply.
Light lines in Figures 20 through 29 serve to present extrapolated
SV amplitudes but outside the range where equation (2) can be tested
by the data. Figures 20 through 29 further show spectral amplitudes
for s=0 and 2, for ¢ = 0.0, 0.02, 0.05, 0.10 and 0.20, and for p=0.5.
The average and average plus one standard deviation of SV amplitudes
computed from digitization and processing noise are also shown in
these figures to outline the amplitude and frequency range where
equation (2) may apply. As for correlations with M, R, s, v and p,
based on equation (1), low amplitude SV spectra here can be taken
to be relatively free of noise only for periods and MMI levels in-
dicated in Figures 20 through 29. Equation (2) should therefore
not be used outside this range.

Examples presented in Figures 13 through 18 are repeated in

Figures 30 through 35 but for scaling in terms of MMI. Strong
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shaking at the Pacoima Dam site during the San Fernando, California,
earthquake of 1971 and at El Centro during the Imperial Valley,
California, earthquake of 1940 have been characterized by MMI = X
and VIII, respectively. Equation (2) has been employed to compute
80 percent confidence interval (between SV spectra for p=0.9 and
0.1) for ¢z = 0.0, 0.02, 0.05, 0.10 and 0.20, and for s=2 and s=0,
respectively. It is seen from Figures 30 through 35 that the agree-
ment between computed and calculated SV amplitudes is adequate.

We suggested in several previous studies that a consistency
check between equation (1) and (2) would be to compare spectral
amplitudes for the largest possible level of shaking in terms of
M and MMI scaling (Trifunac and Anderson, 1977, 1978). Figures
36 and 37 show such comparison for SV spectra computed from equations
(1) and (2) and for other scaling parameters as shown in the figures.
It is seen that, even though equation (2) may overestimate SV am-
plitudes for short periods T< 0.1 sec (or equation (1) underestimate
SV amplitudes in the same period range), equations (1) and (2) are
virtually consistent in a way which is in agreement with our pre-
vious analyses (see Figures 51 and 52 of Trifunac and Anderson, 1977,
and Figures 48 and 49 of Trifunac and Anderson, 1978). This sug-
gests again an agreement with previous analyses on SA and PSV
spectral amplitudes that the slope b(T) in equation (2) is probably
not too different from the one which will be derived eventually
when significantly greater body of data becomes available, es-

pecially for MMI >VIII. Finally, as we noted in our previous work,
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this also suggests that the arbitrary assumption that individual
levels on MMI scale (I through XII) can be assigned to a linearly
increasing numerical scale 1, 2, ..., 11, and 12, clearly does
not lead to gross inconsistencies that can be detected by the

data, so far recorded.
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DISTRIBUTION OF SPECTRAL AMPLITUDES

The Variable‘p in equations (1) and (2) which takes on values between
0.1 and 0.9 does not represent probability but in this interval, approxi-
mates the cumulative distribution of data with respect to equations (1)
and (2). Once the smoothed functions a(T) through g(T) are known it is
possible to calculate SV(T),p amplitudes from (1) and (2), for all
scaling parameters corresponding to actually recorded accelerograms,
and to compute actual fraction of data P,> which are below the approxi-
mate (linear) value of p between 0.1 and 0.9. Figures 38 and 39 pre-
sent smoothed results of such calculations for p=0.1, 0.2, ... 0.8 and
0.9, for ¢ = 0.0, 0.02, 0.05, 0.10 and 0.20, and plotted versus period
T. From these figures it is possible then to derive an analytic con-
tinuous representation of p, versus p (from now on, we replace p by pz)
and as a function of T (Trifunac and Anderson, 1977, 1978).

In our previous work, we assumed that the distribution p, can be
derived by approximating the distribution of response amplitudes by the
Rayleigh distribution. Since SV spectra result from the same physical
basis as PSV and SA spectra, there seems to exist no reason to assume
that the distribution of SV amplitudes cannot be approximated by the
Rayleigh distribution function as well. Consequently, if N(T) is the
number of response peaks during the time interval contributing signifi-

cantly to SV amplitudes, it can be shown (Trifunac and Anderson, 1977)

that p, can be .approximated by

P, = [1 - exp(-e*(D)Py " B(T)y N (D) (3)
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In (3), a(T), B(T) and N(T) can be selected by fitting this equation
to the data in Figures 38 and 39.

Figures 40 and 41 show the tange of N(T) which leads to p, versus
Py that cannot be rejected by either X2 or Kolmogorov-Smirnov (K-S)
tests. In these figures the best values for N are indicated by inte-
gers 1 through 5. These integers also identify the fractions of
critical damping as follows: 1 for ¢ = 0.0, 2 for ¢ = 0.02, 3 for
€ =0.05, 4 for ¢ = 0.10 and 5 for ¢ = 0.20.

The best values of N are smaller than what would be expected from
direct use of the ratio of duration of shaking and the oscillator
natural period as illustrated for M=6.5, and R=0 and 100 km (Trifunac
and Westermo, 1976a). The best values of N are however consistent with
similar analyses for SA and PSV spectra (Trifunac and Anderson, 1977,
1978) where we concluded that the 'best'" value of N(T) is apparently
more representative of a shorter time interval which contributes sig-
nificantly to the maximum response only. Since the object of this
analysis is also only to find a simple useful analytical model for
P, versus py, which does not violate simple principles governing the
statistics of spectral amplitudes, we choose N(T) = 6.5/T for N <20
and N = 20 for loglOTHs—0.478. These values of N have been represented
By a continuous line in Figures 40 and 41 and are also tabulated in
Table II.

This value of N and the best estimates of a(T) and B(T) are shown
in Figure 42. This figure also presents the average, U, and the stan-

2
dard deviation O of p, versus p, (middle) and the ¥~ and largest
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Figure 40

Summary of the results of the statistical test x? for distribution
of form (3) relating py and Py for the regression of logio[SV] as a
function of Py> M, R, s and v. For each of 11 periods, we have plotted
an integer (1-5) at the value of N which leads to the smallest value of
Xz. The vertical line shows the range of N which leads to a value of
the x2 statistic which is small enough that the corresponding distribu-
tion is not rejected at the 95% confidence level. Where the integer (1-5)
is circled, the best value of Xz is rejected. The integers 1-5 refer to
the value of damping: 1 for ¢ = 0.0; 2 for ¢ = 0.02; 3 for ¢ = 0.05; 4
for £ = 0.10; and 5 for ¢ = 0.20.

The values of N which might be expected from the results of Trifunac
and Westermo (1976a) for a magnitude 6.5 earthquake at 0 km and 100 km
are shown. We chose the value of N to be integers approximately equal
to the straight line through the data, which has the equation N=6.5/T,
for N<20 and N = 20 for logi;oT <-0.478.
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Results of the Kolmogorov-Smirnov statistical test to determine

which values of N are acceptable to fit the data of p, vs. py for the
regression of SV with magnitude and distance. Other symbols are as

in Figure 40.



61

5 T T 25
N 20
3 e N
a,f3 a dis
- \_
BT 410
—| [~ _— “w
- 45
_3 N % _ 0
1 )|
T I
0.5t — H s— _|
KO
0.4} 4
0.3} _
I 1
0.100} ¢ i
0075}
0050+
0025f
0

Figure 42

Parameters for one set of distributions (3) which approximately
give py as a function of pg. The upper curves give a, B, and N (equa-
tion (3)). N is quantized, but the individual integers cannot be
illustrated on this scale, so N is drawn as a continuous line.

The central section gives the parameters | and o derived from o, B
and N using equations (6) through (9) in Trifunac and Anderson (1977).
The lower section shows the statistical quality of fit by the Kolmogorov-
Smirnov and the XZ criteria. The X? test can be recognized by its
smaller amplitudes for periods in the central and left portions of the
graph. The levels marked K-S (95%) and x? (95%) are those which, if ex-
ceeded, lead to rejection of the assumed distribution at that frequency.
The five lines are for the five values of damping, as indicated.
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differences between computed and assumed P, for K-S test (bottom).

It is seen from this figure that, except for T=~0.1 and x2 test only,
the functions a(T), B(T) and N(T) lead to P, versus p, which is accep-
table at 95% confidence level.

Figures 43 and 44 present the values of N(T) which lead to accep-
table p, versus p, in equation (3) for scaling in terms of MMI (Figure
39). Again, as in our earlier studies (Trifunac and Anderson, 1977;
1978), permissible values of N(T) are much smaller than what would be
expected on the basis of empirically determined duration of strong
shaking (Trifunac and Westermo, 1976b). We choose N = 2 for T<.4 sec
and N = 1 for T >.4 sec. Figure 45 then presents o(T) and B(T); u(T)
and o(T); and the results of x2 and K-S tests for goodness of fit. It
is seen that with these values of a(T), B(T) and N(T) (also see Table
III), the model in equation (3) is acceptable for all T with 95%

confidence level.
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Results of the xz statistical test to determine which values of N
are acceptable to fit the data of p, vs. py for the regression of SV
with Modified Mercalli Intensity. The upper lines show those N which
might be expected on the basis of results of Trifunac and Westermo (1976b)
for intensity V, VI and VII shaking. For the later regression, we chose
the N indicated by the light line. Other symbols are as in Figure 40.
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Figure 44

Equivalent of Figure 43, except that it shows the results of

the Kolmogorov-Smirnov test.
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Equivalent of Figure 42 for the regression of SV with intensity
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CONCLUSIONS

In this report, we have duplicated the empirical analyses done
previously for SA and PSV spectra and applied it to SV spectra.
Since essentially all methods and procedures are identical to those
we used to derive models for SA and PSV spectra, only those discus-
sions and descriptions of the procedures which are essential for the
completeness of this report have been duplicated. Thus, the reader
interested in details on why and how certain procedures have been
developed should begin by studying our previous papers and reports
(Trifunac, 1976, 1978; Trifunac and Anderson, 1977, 1978).

Conclusions regarding general properties of the empirical models
are also identical to those we reported on previously. Thus, we
conclude by a quote from Trifunac and Anderson (1978): "...

1. The rate of growth of spectral amplitudes decreases with in-
creasing magnitude.

2. Spectral amplitudes at high frequencies tend to be higher on
basement rock sites (s=2) than on alluvium sites (s=0). This
trend is consistent in all empirical models studied, so far,
but the differences in spectral amplitudes seem not to be sig-
nificant at high frequencies. At long periods, this trend is
reversed and becomes significant.

3. The differences in amplitudes of horizontal versus vertical
SV spectra depend on the period T and cannot be approximated by

a constant.
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4. The scatter of SV spectrum amplitudes about the regression model
(1) in terms of earthquake magnitude, M, and epicentral distance,
R, is not smaller than the scatter of the same amplitudes about
the empirical model (2) in terms of MMI.

5. The distribution of SV spectrum amplitudes about the two regres-
sion models (1) and (2) is not inconsistent with the assumed
Rayleigh distribution of the peaks of response amplitudes.

6. For the largest possible levels of strong shaking and well
outside the range where equations (1) and (2) apply, we found
that these two empirical models are consistent.

Finally, it should be noted that, as for other related models, the
results of this report should be considered as preliminary since when
more abundant and complete data becomes available, it will be possible
to develop better, more detailed and more complete empirical scaling
methods. In the meantime, the models presented here may serve as an
interim basis for estimation of SV amplitudes and for known or assumed

parameters describing the strong shaking."
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