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ABSTRACT

New scaling equations for Fourier amplituds spectra of strong earthquake accelera-
tions are presented for characterization of local site conditions in terms of scil and geo-
logic site classification parameters, It is shown that both soil and geclogic site conditions
should be used together in estimation of the site specific spectrum amplitudes,

INTRODUCTION

The influence of local soil or geological site conditions on amplitudes of re-
corded seismic waves has been investigated theoretically (e, g,Haskell, 1960;Tsai,
1969; Trifunac, 1971) and experimentally (e, g, Kanai, 1949, 1951; Gutenberg,
1957; Duke, 1958; Medvedev, 1955; Zhou, 1965) by considering various overall
measures of strong shaking amplitudes, Through comparison of the shapes of the
Fourier and response spectrum amplitudes (Zhou,1965), it became possible to des-
cribe the average effects the local soil conditions have on the site response (Seed
et al,, 1974) and to extend the results of Gutenberg (1957) about the effects of
the local geologic conditions to the high frequency spectral amplitudes (Trifunac,
1976), Through the 197075 and early 1980/s these studies were refined by detailed
regression analyses which were made possible by the large number of well docu-
mented records of strong ground motion (Trifunac, 1976, 1979; Trifunac and Lee,
1988a,b,c), However, the above analyses considered either the local soil or the
local geologic site conditions and never combined the simultaneous effects of both
in the development of one and more general scaling relation ,Since the typical di-

mensions of the local soil versus the local geologic site conditions are so different
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it would be expecied that their cffects may be reflected in the reccorded spectral
amplitudes in high and in low frequencies respectively If both of these effects can
be shown to contribute significantly to the spectral amplitudes between 0,05 and 25
Hz, the frequency range of intercst to carthquake .engineering, then both soil and
geologic site conditions should be considered simultaneously,

Trifunac(1987) presented detailed analysis of these effects and considered two
different models for characterizing the local geologic conditions,One in terms of the
overall depth of sediments to the bascment rock,and the other in terms of the sim-
ple geological site classification (Trifunac and Brady, 1975), The latter approach
to the characterization of the local geologic conditions is convenient when only
surface geology maps are available, This is often the case particularly in preli-
minary analyses, before any detailed sitc investigations have been carried out, The
aim of this paper is to summarize the results of Trifunac (1987) for this type of
site characterization,

I: SCALING OF FOURIER SPECTRA IN TERMS OF M,R,H,S,h,s; and v
1.1 The Current Model

Trifunac and Lee(1988b) presented a study which dealt with scaling of Fourier
amplitude specira, FS(T), in terms of magnitude, M,source-to-station distance R,
focal depth, H,“size”of fault, S, component orientation, v and local geology, cha-
racterized by the local geological site parameter, s (or by the representative depth
of sediments, h), Their scaling relation takes the form

log, FS(T)=M+ £ tt(A, M, T)
+b (T)M+b,(T)s + b3 (T)V+ Db (T) +b (T)M? (I.1,L
They deleted the term b,(T)A because it was found to be insignificant, Here
&ttt (A, M, T)is the new frequency dependent attenuation function, It is of the
form (Trifunac and Lec, 1988a):

/‘Mo(T)logloA R<R0
&t (A, M, T) =§ (1,1,2)
o o (THlog, oA, - (R=R()/200 R>R,

with A, the rcpresentative Source-to-station distance, given by

R?+H? +827°2
A=SIn [——**RZJFHMSE] (I.1,3)
and
1
R:+H?+S27 2
AOZSIn[“EEMJ,Husg] (I.1.4)

S, is the coherence radius of the source (Gusev, 1983), The term & (T) log,,A is
used to calculate the attenuation function at distances R less than some transition

distance R,, where A=A,, For distances R>R, the attenuation becomes a lin-
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ear function of distancc R with slope equal to -1/200, R, is (Trifunac and Lee,
1988a):

R = Lf=2007,(TY(1-S3/S%) /200, (T) (1-8;/S*)
07 9 In10 Ini0

and is a function of H, S, S, and &, (T), More detailed discussion of this at-

S 4H),  (I1.1.5)

tenuation function can be found in Trifunac and Lee (1988a),

Regression analysis using the above model,equation T ,1,1, has been perform-
ed on the Fourier amplitude data FS (T) at 91 discrete periods T ranging from
0.04 to 15,0 s2c, The data has been seclected from 1314 components of data from
104 earthquakes in the western United States, A screening proczdure was used to
minimize the biases in the model that could result from uneven distribution of data
among the differcnt magnitudes (Trifunac and Lee, 1988b),

Replacing the Richter’s empirical attenuation function (Richter, 1958)with the
frequency dependent attenuation function mentioned above,has not only contributed
the additional flexibility to estimating the Fourier spectral amplitudes,but also has
decreased the residuals of actual data relative to the model predictions relative to
our earlier regression models (Trifunac, 1976, 1979),

I .2 Updating the Database

The database of Trifunac and Lee(1988b)consisted of 438 free-field records with
3 components each, or a total of 1314 components from 104 earthquakes for the
years from 1933 to 1983, The list of earthquakes contributing to the present data
base has been updated to a total of 106, with addition of two recent events, the
Coalinga Earthquake of 1983 and the Morgan Hill Earthquake of 1984, both in
California, With the addition of 56 free-field records from these two events, the
total number of free-field records is now 494,corresponding to 988 horizontal com-
ponents and 494 vertical components, or a total of 1482 components,

To proceed with the present analysis, information on the soil site properties
has been collected from various available sources, including different reports of the
United States Geological Survey(U.,S,G.,S,),California Division of Mines and Geo-
logy (C,D,M,G,),Nuclear Regulatory Commission,University Reporis and various
consulting reports, At first this data has been characterized by a soil parameter,
S., which was assigned values ] for deep soil sites, 2 for stiff soil sites and 3 for
“rock”sites (Seed, et al,, 1976), Subsequently, this characterization was changed
to 0 for® rock” sites, 1 for stiff soil sites and2 for deep soil sites for convenience in
regression analysis (Trifunac, 1987),

1.3 The New Scaling Relation
As pointed out in our previous analyses(Trifunac and Lee, 1985a), while the

depth of scdiments at each recording station represents a well defined quantitative
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site characterization, in many instances, little may be known about such depth at

some sites and so the scaling of FS (T) amplitudes there using depth,h,would be

impossible, The qualitative geological site characterization in terms of s = ((sites on

sediments), s =1 (intermediate sites)and s = 2 (sites on basement rock(Trifunac and

Brady,1975)),thus remains a useful approach to the scaling of FS (T) amplitudes,

The previous scaling relation using geologic site characterization, s, is of the
form (Trifunac and Lee, 1985a)

log, ;FS(T) =M.+ tt(A, M, T) +
b (T)M, +b,(T)s+ b, (T)V+ b (T) + b (T)ME,,
(1.3,1)

where M. and M., are defined in the following text, Here the variable for
geological site characterization,s,has been treated as a quantitative variable in the
scaling relation, To include the soil classification in the regression analysis, the
regression equation of FS (T) to be used will now take the form:
log, ,FS(T)=M_+&tt(A, M, T) +

b, (T)M +06 0 (T)SD +b D (T)S? +b,(T)v+

b (T)S Vv +b D (T)S 2 Vv+b(T) +b (T)MZ, +

b (T)S) +b{» (TS (I.3.2)
S and S'2’ represent & new pair of indicator variables for local geological site
conditions :

Sb :{1 fs=1 |,

0 otherwise ,
and

S(z>_.{1 ifs =2,
0 otherwise , (I.3.32)

while S and S{?) characterize the soil at the site where

S[Sl) :{1 lf SL:l’
and 0 otherwise,

se0 :{1 if SL=‘2 ,
0 otherwise, (I.3.3b)

The use of the indicator variables S’ and S‘2’ here instead of s, is due to

the fact that s, is a qualitative variable which takes on the discrete values of 0,

1 and 2 for the three distinct types of geological site classifications (Trifunac and

Brady 1975), The additional terms b (T)S () v together with bf¥) (T)S ) for

i=1and?2 will result in the coefficients characterizing the site condition, s, to be

component dependent, so that for horizontal (v= () and vertical (v=1) compo-

nents, this takes the form (for i=1,2):
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bz(i)(T)S(i) v=20 ,
(D +bI(THSD v=1
The scaling functions b, (T)ihrough b {?) (T)have been determined through the

bz(i) (T)S(i’ +b4(i) (T)S(“V :{

regression analysis of the new database of 1482 components of spectral amplitudes
FS(T), at 91 discrete periods T ranging from (,04 sec, to 15 sce, All procedures
in data preparation, selection, and the procedures of the regression analysis em-
ployed here are identical to those described in more detail in Trifunac (1987), The

computed coefficients at each period T resulting from linear regression are denoted
by 6\1 (T) through 6\7‘2’ (T) , respectively,

Substituting the fitted cocfficienis into cquation (I ,3,2) gives FS (T) , the
estimated spectral amplitudes, where

log, ,FS(T) =M + #ti(A, M, T) +

~

b UMM +B M (T)S D 45 (T)s > +

~

Do (T)V+DM (THSCV v 4D (T)S 2 v 4 b, (T) +

by (TYM? +b (0 (TISL) +b(2 (TIS, (I.3.4)
Equation (I ,3,4) applies only in the range M, ;,<M<M_,,,where for each

periods, T:
Ma;o(T) = =b,(T)/(2b,(T)), and

Mp,2(T) = = (14+5,(T))/(26,(T)), (I.3.5)
and equation (I ,3,4) is then modified to:

log, ,FS(T) =M.+ tt(A, M, T)+
by (TH)Mo, +B (T)SCD 450 (T)S® +

By (THV+b ) (T)S U v+b I (T)S Y v4b (T)+
by (TYMZ, +D) (TISM) +B2 (TIS( (1.3.6)
with
M.=min(M, M,,.)
JMmin M<Mg;.
M Mg, .<M<M,.,, .

M<>=max(Mmin, M<):
\leﬂx M>Mmax
The residues & (T) =log,, (FS (T)) -log,, (FS (T)) describing the distri-

bution of the recorded FS(T) about the cstimated FS (T) are next calculated, &(T)
can be described by a normal distribution function with mcan u (T) and standard
deviation o (T) (Trifunac, 1987),
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where p (e, T) is the probability that log,,(FS (T) ]—Iogm[fs (T) 1<<e (T),
I .4 The Regression Coefficients
Figure 1,4 ,1shows the smoothed coefficients l;l Ty, 32‘” (T,

B (T, by(M), b (D), B (T, b, (D), B, (T), By (T) and B3 (T)(so-
lid lines) together with the estimates of their 80%, 90% and 959% confidence inter-
vals(dashed lines),Comparison of this figure with the corresponding figure 1 ,5.1

in Trifunac (1987) for scaling in terms of h,the depth of sediments,shows that the

scaling functions b,(T), B4(T), bs(T), b,(T), b (T)and b (T)in both figures
are almost identical, Thesc functions correspond to the same paramcters, M, v, 1 ,
M2, S{) and S{*, respectively, in the rcspective scaling relations, Their similari-

ty thus demonstrates the consistency between the two scaling models, The functions

b (D) and%‘zz’ (T) , for S (s=1) and S'® (s=2), in Figure I.4.1
are both opposite in sign when compared to the corresponding function b, (T) for
alluvial depth h in FigureI ,5,1 in Trifunac (1987), This zgain shows consistency
since § = 2 (for basement rock sitcs) corresponds to alluvial depth h= 0 km,Similar
observation can be made for the functions b/ (T) and b(? (T) for S‘’v and

S‘2v, when compared with the corresponding function b, (T) for hv in Trifunac
(1987) .

Figure 1 ,4,2 shows the plot of the residuals corresponding to the actual dis-
tribution of data relative to equation I ,3,6 p*(e, T)=0,1 through 0,9,for log,,
FS(T). It is of interest to compare this figure with FigureI ,5, 2 in Trifunac(1987),
since they both illustrate the spread of the observed data about their corresponding
models,being different only in the method for characterization of the local site geo-
logy, As in our previous analyses (Trifunac and Lee, 1985a) the rcsemblance of
the two figures demonstrates that with other factors being identical the uncertain-
ties associated” with the characterization of Iccal geology in terms of the geological
site conditions s= (¢, 1 and2 , are not much greater than those associated with the
site characterization in terms of the depth of sediments, h

Figure T .4, 3 shows the plot of the statistical parameters in the description of

the distribution of residues (cquationI, 3,7), namely, f; (T) , o (T) , x* (T)
and KS (T), from top to bottom, Note that in the entirc period range from T=
0.04 sec, to T=15 sec,, both the X? and Kolmogorov-Smirnov, KS (T), tests
fail to reject the hypothesis that the distribulion is normal, with 959% confidence,

Table I ,4,1 presents, for 12 periods, between T =(,04 sec,and T = 14 sec, , the
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values of the smoothed regression coefficients 61 (T) , b (T) , b2 (1) ,

b, (T) , B (Ty , B (Ty , by (T) , by (T), (T , b (T) ,

Muia (T) , M,., (T) , the nine smoothed calculated residue levels corresponding

to p* (e, T) =0,1 through 0,9, the smoothed coefficientsﬁ m , . (T) in equa-

tion (1,.3.7), the x? and the Kolmogorov-Smironov statistics, The 12 periods pre-

sented should be sufficient for most practical computations, especially since the

smoothness of the coefficients is such that any interpolation scheme will yield ade-

quate estimates of FS (T) in the entire period range from 0,04 sec,to 14 sec,

TABLE 1.4 .1
log, (FS(Ty = Mg+ o tt(A,M,T) +b; (T)Mcp + b5 (O(THS 1) +b, 2)(THS 2) +by(THv+ b, (NS Dy
+b (TS @y +b, (Ty +b, (TY)Mapn 2 + b, 1) (THS L (1) 4+ b, 2)(THSy, (2)

MAG-SITE-SOIL DIRECT: 1 -STEP MODEL

PERIOD, T (SEC)
. 040 .065 L1 .19 .34 .50 .90 1,60 2,80 4,40 7.50 14,0

COEFFICIENTS:

by(T) .604 .629 L7970 ,971 1,039 1,017  ,953 .990 1,138 1,140 .661 — 656
b, M)(T) - .161 ~-.,138 =-,100 -,077 ~-,101 ~—,141 —-,193 =-,191 -—,138 ~-,082 =—,025  ,031
by @)(T) —,002 -.8 -,070 —.086 - ,145 —,183 -,207 =-,205 —,225 ~—,251 = ,245 =— 157

ba(T) .140 .084 - ,062 —,233 - ,397 - ,450 —,429 - ,333 ~—,250 =~ ,224 ~—,234 ~— 260
be W(T) 036 ,039 .038 042 .078 124,186 173 .080 -,001 -—-,036 .021

ba @N(TY o021 .015 ,006  ,030 ,102 .154 206 .238 .270 .280 L2111~ 002
bs(T)-3,686 ~—3.675 —4,009 -4,473 -4,853 -5,012 -5,237 -5,706 -6,291 -6,203 ~4,464 -—,049
bs(T) —-.090 —094 —-,110 =—.127 =—,134 -130 ~—.120 —-.119 -.129 —-.133 -.103 =-.,011

by (T) —.252 —.227 ~—.174 -—.096 ~-,019 .026  ,099  ,178  ,213 180 .078 -~ ,080

b7 2)(T) ~,183 - .187 =~ .174 - 117 -,027 .030  .113  ,188  ,218 175 .034 =~ ,209
Mmin 3.367 3,351 3,615 3,815 3,891 3,906 3,968 4,188 4,411 4,295 3,220 000
Mmax 8.937 8.680 8.152 7,743 7,637 7,746 8,131 8,376 8,287 8,063 8,0881 4,500
RESIDUES:

p=.1 -.590 - .566 ~—,514 =~ .455 — 417 =~ 416 = 443 - 474 = 482 - 469 - .442 ~ 417

P =.2 -.373 -.360 ~-.329 -—.202 - ,267 - ,267 —,287 —,305 ~—,301 -—.288 ~.273 — .263

p =.3 -,230 -.219 ~-.199 - .175 - (162 =~ ,163 - ,179 -,190 —,184 ~ 170 - ,154 = 143

p=.4 -.,103 -.099 -.,09t -.079 —.,0Tt =—,074 —,084 —,086 —,075 - .067 —-.068 - .073

P =5 .008 .006 .002 .000 003 L0086  ,007 ,011 018 ,020 .014 007

P =.6 L1286 .118 .103 .090  ,085 .086  ,092 ,100 107 107 .099  ,089

P =.7 .239 .228 .204 .180  ,166 .168  ,184 ,201 ,204 .195 175 (187

P =.8 .369 .353 .323 .288  ,266 .267 287  ,307  ,307 ,293 .27t 252

P =.9 574 .549 .501 .444 403 .308  L419 (442 440 422 .398  .376
RESIDUE STATISTICS:

p(T) .o00 -,000 -—.000 .000 .001 .0C0 - ,000 .001 .004 .004 .002 -~ 001
o(T) .451 .432 .394 .348 .318 .317 .338 .360 .360 .346 .324 .308

X2(T) 5.835 6.112 6,207 6.337 6,811 7,359 8,415 9,706 10,785 10,921 10,105 9,457
KS(T) .029 .031  .031  ,031  ,03t  ,031  ,032  ,036  ,042 046  .047  ,047
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I.5 Examples of Estimated Fouricr Spectra

Figure T ,5,1 presents four sets of plots of cstimated FS (T) spectra using cqua-
tion (T1,3,6) , The top two scts are examples of FS(T)computed for magnitudes
M=4,5, 5.5, 6,5 and 7,5 at cpicentral distance R=0, focal depth H= 5km, for
soil parameter s, = 1 (stiff soil), for p(e, T)=0,5 and for the horizontal and ver-
tical motions, The solid lines in both figures correspond to the geologic site condi~
tion s= 2 (basement rock), while the dashed lines correspond to s= ( (sediments),
The diagonal dashed lines represent the average Fourier amplitudes of digitization
and processing noise, The lower left plot illustrates the effect of epicentral distance
R on the changes of speciral amplitudes for magnitudes M=6,5, focal depth H
= 5 km, geologic site condition s= ¢, soil classification s; =1, p(e, T)=0,5 and
for horizontal(solid lines)and vertical(dashed lines)components, Four seis of curves
corresponding to R=0, 25, 50 and 100 km are presented, The lower right plot il-
lustrates the effect of focal depth H on the change of spectral amplitudes,

Figure T ,5,2 presents another four plots of estimates FS (T) to illustrate the
effects of local soil conditions on FS(T), It is observed that for periods up to 0,3
sec,, the spectral amplitudes FS(T) at “rock” sites (s; = 0) are higher than those at
deep soil sites(sy = 2 ), Beyond ~0,3 sec,, this trend is reversed up to the periods
of about 10 sec,,so that within this intermediate period range the Fourier ampli-
tudes at deep soil sites are slightly higher than those at the rock sites,

Figures 1.,5,.3 and 1,5 .4 compare the differences of the effects the local
geologic and local soil site characteristics have on FS(T) FigureI , 5, 8 ,consists of
three plots,one for each local soil classification(s; =0, 1and2 ) ,For each plot, the
FS(T)has been computed for the local geological site condition s=0,1 and 2, This
figure shows that for all local soil site classifications, in the whelc pericd range
considered, the Fourier amplitudes increase for thc sitcs on sediments (s= (), Figure
1.5.4 also shows three plots, one for each geological site classification (s=¢, 1
and 2), For cach s, the soil classification ranges from s, = 0(“rock”)to 1(stiff soil)
and to 2(deep soil), It is seen that for petiods up to ~0.3 sec, the Fourier ampli-
tudes, FS(T), on sy =0(%rock”) sites are higher than those with sy = 1(stiff soil),
or Sy, =2(deep soil), Beyond ~0,3 sec,, this trend is reversed up to periods of
about 10 sec, The two figures (I ,5,3 and I .5.4) show that local geological and
local soil parameters have different characterisiics at different period ranges and that
both are significant but in a different way,

Figures I ,5,5 through I ,5,7 present examples of how the horizontal and verti-
cal Fourier amplitudes computed from equation (1,3,6) compare with the actual Fou-
rier specira for the corresponding components of recorded sirong-motion data at va-

rious sites, The agrcement between the actual and estimated FS (T) amplitudes is
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good,
% .1 The Residue Two Step Model

The previous sections in this paper dealt with the direct, “1-step” model where
the scaling of Fourier gpecira in terms of M,R, ¥,S,s,s; and v has been perform-
ed in one sten, with the soil indicator variables included in the regression equation
directly, Here we consider ancther alternative in which the regression model which
doesn’t inciude soil classification may have already been developed and the scaling
fanctions I/J\I(T)through GG(T) cstimated, The first step of this procedure is to scale

the Fouricr spectra in terms of all the paramecters except for soil site classification,
log,,FS(T) = M.+ 1(A,M,T) +
b (T)Moy + bV (T)S 0 1D B (T)S D +b,(T)V +

DUI(TIS D VDD (T)ST v 4B, (T) + b, (T)M2 ..,
(T.1.1)

The residues, =(T) =log, ,FS(T) —lcg”Fé\(T),at each site where soil classification
is avajlable are then fitted by the equation
e(T)=b {0 (TH)S) +b P (T)S(P +b,(T), (I.1.2)

Combining cquation( [ ,1,1 and 1 ,1,2)gives

~

log, ,FS(T) =M.+ &it(A, M, T) +

A~

¢ (TH)M_. -f'ACz“) (T)S v +'(\: (B (T)S +25(T)+
Co(TIMZ, + o0 (TS ¢ (THS(?, (I.1.3)
where é\i(T) :Qi(’f), except for (;\S(T), with

C() b(T)J— 3(T) (D.1.4)
This procedure can be called® 2 -step?model in contrast with the direct“1-step”model
presented earlier, Detailed comparison of the corresponding results of the direct® 1 -
step”model and this “2-step”model shows a lot of similarity belween the two analy-
ses (Trifunac, 1987), The shapes of the scaling functions are very similar, the re-
sidues for the nine probability levels have almost identical widths, and the estimated
FS amplitudes arc also very similer, One advantage thal the residue “ 2 -step” model
has over the direct 1 -step” model is that in the® 2 -step”model, the first step of
regression (equation( f, 1.1 )) can be performed on a larger database including sites
where information on soil classification is absent, It is only in the second step
(equation( I, 1, 2)) that regression has to be performed on that part of the data-
base for the sites with available soil clessification, Thus as more information on soil
sile classification becomss wvailable, only the sccond step of iteration mneeds to be

repcated to update the scaling {unctions, As for the direct®1-step”model,the regres-

i
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sion analysis can be performed only on that part of the database for sites with soil
classification, Every time this part of the database is updated, the whole regression

has to be repeated,

DISCUSSICN AND CONCLUSICN

The forms of the empirical equations we used are not new, but have evolved,
from our previous work (Trifunac 1976, 1979; Trifunac and Lee, 19880, ¢), The
idea, which has been introduced here for the first time, is to use the local soil
and the local geologic characteristics®of the site simullaneously in the development of
the regression models, Also, the term sV, reficciing the direciional dependence of
the amplification has not been cmployed in our previous analyses, We found that
the proposed model fits the data well and that there is consistency among different
regression models (Trifunac, 1887). No significant differences in the overall residual
amplitudes have been observed belween 1-step and 2-step regression models, Relative
to our previous studics, the amplitudes of the residuals we found in this investiga-
tion are smaller,

To cnable qualitative compariscn of the resulis with some carlier invVestigations,
which employed the local site characterization in terms of the local soil classifica-
tion only, Trifunac (1987) carried out such analyses as well, by ignoring the local
geologic features of the sites, Since the functional form of the dependence of the
spectral amplitudes on the geological site classification is similar to its dependence
on the local soil conditions,he found that ignoring the local geolegic conditions may
lead to cxagerated amplitude factors “rcpresenting” the local soil cenditions, We con-
clude that both the local soil and the local geologic site conditions must be used

together in the sclection of the siic specific Fourier amplitude speeira,
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FIGURE CAPTIONS

Figure I ,4,1, Functions b (T) through bf? (T) (full lines) in equation I, 3,6
and the estimates of their 80, 90 and 95 percent confidence intervals (dashed
lines),

Figure I ,4,2, Distribution of residuals (irregular full lines and smooth full lines)
relative to the scaling model I ,3,6, Smooth dashed lines represent analytical
approximation p(&€,T)to the observed residuals,

Figure 1 ,4,3,ﬁ (T) and S(T), average and standard deviation (full lines) used in
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description of p(e,T)and their 95 percent confidence intervals(top two diagrams)
Actual (full lines) and permissible (dashed lines), with 95 percent confidence,
amplitudes of X?(T) and Kolmogorov- Smirnov, KS (T) tests are shown in
bottom two diagrams,

Figure T .5,1 Top. Estimated Fourier Amplitude spectra (inches/sec)for p(e, T) =
0,5, M=4,5, 5,5, 6.5 and 7,5, basement rock sites (s=2) (full lines)
and alluvium (s =0) (dashed lines), for focal depth H =5km, stiff soil sites
(s, =1), Zero epicentral distance (R=0 km) and for horizontal (left) and ver-
tical (right)motions,

_Bottom: Estimated Fourier Amplitude Spectra (inches/sec), for p(e, T)=90,5,
M=6,5, alluvium site(s=0), horizontal(full lines)and vertical (dashed
lines) motions, and for stiff soil sites (s, =1),Left, Focal depth H=
5 km and epicentral distance R =0, 25, 50 and 100km, Right, Epicen-
tral distance R =0 km and focal depth H=5, 10, 25 and 50km

Figure I ,5.2, Top:Estimated Fourier Amplitude Specira (inches/sec)for p(e, T) =

0.5, M=4.5, 5.5, 6.5 and 7,5, site on sediments(s=0),epicentral
distance R =0km, focal depth H =5km, for “rock” sites (s, =0) (full
lines) and deep soil sites(sy =2)(dashed lines),

Bottom: Estimated Fourier Amplitude spectra (inches/sec) for p(e, T)=0,5,
M = 6.5, epicentral distances R =0, 25, 50 and 100km, focal depth
H =5km, sitec on sediments (s=0), “rock” sites(sy =0)(full lines)and
decp soil site (sp =2) (dashed lines), for horizontal (left)and vertical
(right) motions,

Figure 1 .5,3, Estimated Fourier Amplitude spectra, p(e, T)=0,5, M=6,5, source
depth H =5km, epiceniral distance R =25km, horizontal motions, sites on sedi-
ments(s =0) (short dashed lines), intermediate sites (s =1)(dashed lines) and
basement rock sites (s=2), and on “rock” sites (sp =0)(left), stiff soil sites
(sy, = 1) (center) and decp soil sites(sy =2)(right),

Figure I .5,4, Estimated Fourier Amplitude spectra, p (¢, T)=0,5, for M=6,5,
source depth H =5km,epicentral distance R =25km, horizontal motions,on“rock”
sites(s; = 0) (full;lines), stiff soil sites (s, =1) (long dashcd lines) and deep
soil sites (sy =2)(short dashed lines), for basement rock sites(s=2)(left), in-
termediate sites(s = 1) (center)and sites on sediments(s =0)(right),

Figure 1 ,5,5, Comparison of actual(AG106, CALTECH SEISMOLOGICAL LAB,
1971, M=6,5, R=36.1km, H=13km, s=2 and s;,=0) and cstimated Fouricer
sncelrum amplitudes for p(e,T)=0,1, 0,5 and 0,9 and for horizontal (left)and
vertical (right)motions,

Figure I ,5,6 Comparison of actual(AB021 VERNON CMD BLDG 1932, M=6,3,
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R=47,8km, H=16km, s=0, s§,=1) and estimated Fourier Spectrum ampli-
tudes for p(e, T)=0.1, 0,5 and 0,9 and for horizontal (left) and vertical (right)
motions,

Figure 1 ,5,7, Comparison of actual(AA001 EI. CENTRO, 1940, M=6,4, R=9,3
km, H=5km, s=0, s, =2) and estimated I'vurier Spectrum Amplitudes for p
(e,T)=0.1, 0.5 and 0,9 and for horizontal(left)and vertical(right)motion,
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