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SUMMARY ~ Amplitudes of the peaks of ground acceleration,
velocity and displacement are presented for the recordings at
127 sites during 51 earthquakes in Yugoslavia, for the period
between 1978 and 1983. Relative to the reported site intensity
(Mercalli-Cancani-Sieberg, MCS), the logarithms of average
peak amplitudes increase linearly for MCS 2 V.

Grouping of all recording stations according to the site ge-
ology classification, as proposed by Trifunac and Brady (1975),
allows an investigation of the site effects on the recorded peak
amplitudes. The results suggest different trends from those found
in the Western United States (WUS), implying slower high fre-
quency attenuation (higher quality factor Q) in Yugoslavia. This
means that the transfer and use of the empirical scaling rela-
tionships on strong motion amplitudes from United States into
other regions of the world may be more difficult and less direct
than this has appeared to be so far.

Grouping of all recording stations according to the site soil
classification (Seed et al, 1976) indicates amplification of peaks
by a factor ~ 3, on stiff soil sites relative to «rock» sites.

Introduction

In 1975 we studied the average trends of the
recorded peaks of strong earthquake ground motion, for
accelerograms in the WUS and for the site shaking
described by the Modified Mercalli Intensity (MMI).
Then, we discovered that for 187 records during 57
earthquakes, occurring between 1933 and 1971, peak
accelerations have tendency to be larger on basement
rock (see Trifunac and Brady, 1975, for detailed
description of the sites on sediments, s = 0, basement
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rock, s = 2, and intermediate sites, s = 1) than on
«softer» sites on sedimentary deposits (s = 0). These
findings lead to numerous empirical studies which
extended these results to the scaling of the complete
Fourier and Response Spectrum amplitudes, and
explained the observed trends as combined effects of
overall amplification and high frequency attenuation
(Trifunac, 1991).

To facilitate the use of this body of empirical results
by researchers and engineers outside the WUS, we
carried out other studies to compare the strong motion
magnitude scales, which can be used in the respective
regions, with the corresponding magnitudes in the
WUS (Trifunac, 1991; Lee, 1991; Lee et al., 1990b).
Such studies can help in relative calibration of the
published catalogues on earthquake occurrence and in
the eventual establishment of international standards for
more uniform and common scaling conventions. As
more data becomes available and as our understanding
of the physical processes associated with earthquakes
improves, it is inevitable that new and better
«magnitude» and «intensity» scales will be developed.
However, it should be remembered that for sound
probabilistic estimation of earthquake risk, in
engineering design applications, it is essential to work
towards more complete, uniform and more
homogeneous catalogues of earthquake occurrence
covering longer observation periods. Since, in preparing
such catalogues it is essential to go as far back in time
as possible, it also becomes necessary to carefully
account for, interpret and calibrate the differences in
«new» versus «old» scales and methods.

It appears that careful relative calibration of
magnitude and intensity scales in different geologic
regions may not suffice. Such scaling results in
averaging over many parameters which characterize the
earthquake ground motion, and so must be viewed only
as a first step in establishing more complete
«translation equations». Systematic differences in the



overall shape of the Fourier amplitude spectra of strong
ground motion, for example, for two different geologic
regions may not affect much the average overall

amplitudes as sampled by the magnitude or intensity
scales, but may lead to significant differences in rela-
tive amplitudes of short or of long period ground
motion. The purpose of this paper is to show how such
differences can be first evaluated, before more detailed
scaling of the entire spectrum becomes possible
(Trifunac, 1989a, b; Lee, 1990).

As description of the effects of strong earthquake
shaking on man-made structures contributes to the
selection of site intensities, it is also important to
remember that in comparing the intensities in different
regions one must consider the differences in the type of
construction and in the distribution of the affected
structures. In this work we choose to accept the
reported site intensities and then we characterize those
by the peaks of the recorded strong ground motion. The
extent to which the nature of the buildings in the area
then contributes to the results of this study should be
evaluated in future analyses which deal with
distribution and type of the observed damage.

Many different intensity scales were in use on the
territory of Yugoslavia and its neighboring countries.
The periods of their use, their mutual relationship and
the proposed tables for their conversion, have been
described by Shebalin (1969) and by Shebalin et al
(1974). For example the levels of MCS intensity have
been interpreted to be one half intensity level below the
levels of the MMI, for MMI > V. For MM1 = [, MCS =
11, with linearly decreasing differences for I S MMI <V
until MCS =1V — V for MMI = V. As we will show in
this paper, strong motion data recorded in Yugoslavia
suggests very different relationship between these two
scales (see also the correlation proposed by Console et
al. in 1972 and summarized by Ambraseys, 1975).

Strong motion data in Yugoslavia

In 1984, a joint project between University of
Southern California and Institute of Earthquake
Engineering and Engineering Seismology (IZIIS) was
organized to digitize and the process all strong motion
data recorded in Yugoslavia (Jordanovski et al 1987).
This project was completed in 1987, resulting in 449
digitized records. Most digitized accelerograms could
be associated with 204 earthquakes occurring between
1975 and 1983. At present, some earthquakes
contributing to this data base remain unidentified.
However, as more basic results on this data become
available, in particular the regional attenuation and
scaling relationships (Trifunac and Todorovska, 1989;
Lee et al., 1990b) it is expected that more of the
remaining records will be identified and assigned to
typically smaller local events.

For this study the data was selected for those sites
for which we could gather the reported intensities at
the recording stations. Also all data was classified
according to the type of the site geology. All sites on
sediments were grouped into category s = 0. Those

sites which are near the boundary of s = 0 (sediments)
and s = 2 (basement rock), or are located in a complex
geologic setting, which could not be identified as s = 0

or s = 2, were grouped into intermediate category s = 1.
All sites on the basement rock were identified with s =
2. This selection of the site geologic parameters was
carried out in the same way as described by Trifunac
and Brady (1975). This provided continuity in this
approach and facilitated direct comparison with other
similar studies in the WUS. The international team
consisting of experienced geologists and earthquake
engineers carefully interpreted the descriptions of the
site geology and voted on how to choose s =0, 1 or 2.
This resulted in the data base with site classification
parameters at 121 sites which recorded strong motion
during 51 earthquakes.

For most sites we were also able to gather enough
information to make a determination of the local soil
site classification, following the procedure described by
Seed et al. (1976). All sites with thickness of soil d <
10m, over deposits with shear wave velocity v, > 800
m/sec, were identified as «rock» sites (S5, = 3). Soil
deposits with thickness d = 15m to 70m were grouped
under $S, = 2, as «stiff soil» sites, and for d > 100m
under SS, = 1 «deep soil» sites. We note that SS, = 1,2
and 3 used here corresponds to S, = 2,1 and 0O
respectively in our analyses of strong motion spectral
amplitudes (Trifunac, 1989a.b; Lee, 1990).

For many small earthquakes and for many
aftershocks of the Monte Negro, 1979, event, it was not
possible to identify the site intensities. Some of this
information may never be recovered. Looking back at
these recordings in Yugoslavia and in many other
countries, one cannot but wonder why most agencies
and organizations, engaged in gathering and publishing
intensity maps in most countries around the world, do
not have a systematic policy of identifying the intensity
of shaking at the stations with operating strong motion
accelerographs, even when this intensity is not small.
Gathering such information would contribute invaluable
data for future studies, with only minor, perhaps
insignificant additional effort.

Average trends of the peaks of acceleration, velocity
and displacement with respect to M.C.S. intensity

Following the examples in our previous studies we
have assigned linearly progressing numerical values to
the levels of MCS scale and labeled these levels by
L,cs. Thus, in this work, MCS = VIII will correspond to
Iycs = 8, which will be used as a «variable» in
subsequent «calculations». These is, of course, no
direct physical basis for doing so, but the practical
considerations, the end results and numerous previous
observations, all indicate that this may be a useful
«working» hypothesis.

For 30 sites of 127 in our data base, the intensity
levels have been reported as VIII — IX, for example.
Rather than to work with /,,. = 8.5, we chose to cre-
ate two data sets, one where VIII — IX — VIII and the
other where VIII — [IX — IX. In the first case the



Table 1 — Mean Values and Standard Deviations of Peak Acceleration,
Velocity and Displacement for Different Mercalli-Cancani-Sieberg
Intensities in Yugoslavia.

Number
Iycs of | acceleration (cm/s?) | velocity (cm/s) | displacement (cm)
M.C.S. intensity | Component | Data & 4 @ [ d 4
vert. 2 1574 4.00 0.60 022 003 001
v 1 21.42 - 091 - 0.05 -
* hor. 4 37.86 1431 138 048 008 0.3
2 5586  9.25 205 012 012 003
vert. 36 1197 584 060 046 008  0.14
v- 25 1199 7.02 059 0.5 009 017
* horis 72 22.59  18.29 121 101 015 0.8
50 2482 2191 132 121 0.18 022
vert. 60 2361 2134 091 067 009 012
Ve 1 e 2072 2166 0.83  0.74 008 0.2
* hor. 120 4114 38.09 2.15  2.10 022 026
126 3540 38.97 183 216 019 027
vert. 21 5120  23.53 260 157 0.67  0.55
v 22 3252 2270 174 167 033 055
* hor. 42 105.66  53.32 6.90  4.26 180 161
44 5847  471.64 410 426 0.76 154
vert, 4 11846 5179 740 342 167  0.94
12 90.54  57.58 479 329 122 162
VI
hor. 8 186.45  72.02 | 1455 .78 332 244
24 17744 11334 | 1146 777 306 425
vert. 4 24101 83.97 16.41  2.69 693 168
- 4 24101 8397 | 1641  2.69 693 168
* hor. 8 297.25  85.06 37.95 1294 104 451
8 297.25 8506 | 37.95 1294 1104 451
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resulting levels are labeled as VIII~ or as I j,.5, and in
the second as [j. It was also felt that this
«perturbation» might serve to suggest how sensitive our
results are to such variations in the data base.

Table 1 presents averages and standard deviations
and the number of the contributing observations, for the
recorded peak accelerations and computed velocity and
displacement of ground motion versus I ;.. It is seen
that the data is essentially available only for MCS =V,
VI and VII. To avoid cluttering, only the data for / ;.
has been plotted, using the logarithmic amplitude scale,
in Figures 1, 2 and 3. Horizontal peaks have been
identified with solid points, while vertical peaks are
shown with open circles.

The trends of the average peak amplitudes in Table
1 also can be described by

2 T T T T T T

log, v, = - 1.88.+0.382 T yeq

10g,q¥);= - 1.87 + 0.371 Lics

o VERTICAL

o HORIZONTAL

cm /sec
T

'

°
U;_ —]
g L
log, v, = - 2.20+0.378 T yes
.
log,g¥, = -2:19+0.365 I ycq
o N
1
?
I
| a | |
it v vin X X
M.C.S. INTENSITY , Tycs
Fig. 2
T T T T T T T
1= . / —l
log, d = -3.39+0.498 [ jyne \
10 H
10g,,d,, = - 8.38 + 0.481 1»;03
o VERTICAL
£ *  HORIZONTAL
5
or -
s A
2 // ? /
o / .
< /4 10g,,8, = +3.85+0.514 I o
- - / // l I . -
/ // | log,,d = -3.81+0.495 [ yce
T 4
/
28/
/ o
4
o 72! |
a
7o
o
I
i
L ! _
1 ! I !
i Vi vin X Xil
M.C.S. INTENSITY , Tyes
Fig. 3

log,, f=ay+bylyes = o (1)

where f stands for peak accelerations a, and a, (cm/
sec?), peak velocities wv,, v, (cm/sec) and peak
displacements d,, d, (cm), with V and H identifying
vertical and horizontal components of motion. g, and b,
are regression coefficients and o is the standard
deviation. Table 2 presents the results of this regression
with two sets of coefficients corresponding to «—» and
«+» in the two data sets as described above.

It is interesting to compare the results in Table 2
with corresponding results in Trifunac and Brady
(1975). It is seen that both @, and b, are very similar in
there two studies for log,, a, ,. However, this study of
Yugoslav data shows that peak velocities and peak
displacements grow faster with respect to MCS scale



Table 2 — Coefficients a, and b, in equation log,, f; v = ay + byl 55+ 0.

ao bo 4

f=a - -0.593 0.331 0.016
v + 0.624 0.325 0.081
f=a - 0.079 0.200 0.049
=oH + 0.024 0.268 0.070
f=v - -2.20 0.378 0.066
v + -2.19 0.365 0.107
f=v - -1.88 0.382 0.048
" + -1.87 0.3711 0.104
f=d - -3.85 0.514 0.158
; v + -3.81 0.496 0.203
f=u - -3.39 0.496 0.143
TR + -3.38 0.481 0.157
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than the corresponding peaks in the WUS with respect
to MMI. In performing the regression analyses for
equation (1), we omitted the data for I, = 4. For this
intensity the observations are not complete and
approach the noise level of recording, detection and
intensity assignment.
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Variations of peak amplitudes for different site
conditions

In this investigation we followed the steps of
Trifunac and Brady (1975) in selecting the geological
site classification s = 0, 1 or 2. Descriptions of site
geology were distributed to 14 experts from
Yugoslavia, Bulgaria, U.S.S.R., China and United
States. The variations among expert classifications and
their consistency were very similar to those found by
Trifunac and Brady (1975). Distribution of the current
data base between s = 0, 1 and 2 is 67 (55%), 48

(40%) and 6(5%) respectively, for the total of 121
sites. For six additional recordings considered in Table

1 we could not obtain the data on the local site
geology. It is seen that most recording stations in
Yugoslavia are on the sedimentary sites (55%) with
only small number on the basement rock. This
distribution is similar to the one in the Western United
States. In this respect it may be noted that many
investigators and organizations in charge of strong
motion observation programs are perhaps not aware of
the need to consider the site geology on the scale as
used here. Instead, in typical considerations on how to
deploy recording stations, one finds mainly the
consideration of the local soil conditions only
(Trifunac, 1990). The consequence of this is that, after
many years of laborious observational programs and
considerable expenditures, we still have no adequate
data on strong motion on sound basement rock (s = 2).
Perhaps this paper could serve as yet another example
of the extent and of the detail one should consider, in
optimizing the siting and performance of strong motion
recording networks, in general.

Tables 3a, b and c present averages and standard
deviations of peak amplitudes of acceleration, velocity
and displacement, again for two data groups designated
by «—» and «+», as described above. Figures 4, 5 and
6 present the same data with open circles for averages
and vertical bars for standard deviations for the data set
in group «—». To avoid clutter in these figures the data



Table 3a — Mean Values and standard deviations of peak acceleration
(cm/sec?), velocity (cm/sec) and displacement (cm) for different
Mercalli-Cancani-Sieberg Intensities in Yugoslavia recorded on
sediments (s = 0).

MCS COMP. N a c [ o d 4
- ver. 1 21.42 -— 91 - .05 —
hor. 2 55.86 9.25 2.05 12 A1 .03
ver. 1 21.42 — 910 — .05 —
wr .86 . 12 .03
V- ver. 20 12,83 8.72 .60 AT .06 .07
hor. 40 27.31 24.34 1.53 143 19 22
v+ ver. 16 13.27 8.18 63 41 0 07
vI- ver. 35 26.34 26.8' 95 .85 09 15
hor. 70 44.85 38.78 230 208 24 31
VIt ver. 34 23.94 26.82 .86 81 .08 14
vII- ver. 9 68.89 59.03 374 282 123 1.
hor. 18 158.13 13711 979 836 317 5.00
VII* ver. 10 35.35 27.23 200 218 AT 4
hor 20 6965  58.97 467 524 1 218
= ver. - — — — — — -
VIII hor. _ _ _ _ _ _ _
VIII* ver. 4 10462 65.02 488  2.56 1.77 2.34
hor. 8 25092 13130 1453 7.73 503 6.26
IX- ver. 2 31017 59.84 1788 1.04 7.24 .01
hor. 4 30754 57.76 4853  6.86 1377 292
X+ ver. 2 31017 59.84 17.88 1.04 7.24 .01
hor. 4 307.54 5116

Table 3b — Mean Values and standard deviations of peak acceleration,
velocity and displacement for different Mercalli-Cancani-Sieberg
Intensities in Yugoslavia recorded on intermediate geologic sities (s = 1).

MCs COMP. N a L4 b 4 d o
- ver. 1 10.07 — .28 — 01 —_
hor. 2 19.86 — 71 — 04 —
v+ ver. - — — - _ — —
hor. = b — — — — —
V- ver. 11 11.98 7.41 .81 .89 15 .25
hor. 22 14.52 10.46 93 .83 .14 21
v+ ver. 5 9.46 2.64 .80 90 21 33

hor 10 12.66 6.37 8 1

vi- ver. 21 20.49 13.96 8 .52 .08 07
hor. 42 37.20 46.13 2.04 262 18 22
v+ ver. 24 17.66 13.01 .82 65 .08 09
hor. 48 3165  44.19 173  2.53 .16 .22
vII- ver. 9 38.87 22.78 1.70 .83 .18 a2
hor. 18 69.39 40.46 5.02 349 75 .56
VIt ver. 10 29.84 19.13 1.27 7 12 11
hor. 20 49.22 34.78 360 343 51 .53
VIII- ver. 4 118.45 51.79 739 342 1.67 94
hor 8 186.45 72.02 14.55 7.78 3.32 2.44
vIIT ver. 7 89.47 53.04 5.13 3.70 1.05 1.01
hor. 14 145.15 75.48 10.63 7.58 2.22 2.26
Ix- ver. 2 171.84 30.90 14.94 3.01 6.61 2.33
hor. 4 286.95 104.51 27.36 7.98 8.31 4.16
x+ ver. 2 171.84 30.90 14.94 3.01 6.61 2.33
hor. 4 286.95 104.5 27.36 798 831 416

Table 3¢ — Mean Values and standard deviations of peak acceleration,
velocity and displacement for different Mercalli-Cancani-Sieberg
Intensities in Yugoslavia recorded on basement rock (s = 2).

MCS COMP. N a 7 ¥ o d 4 T
V- ver. 1 4.29 — 09 — — —
hor. 2 7.87 87 19 .02 .010 —_
v+ ver. 1 4.29 - .09 — — —_
hor. 2 7.87 __.87 .19 02 .010 —
vIi- ver. 3 17.26 3.40 .15 63 12 .15
hor. 6 27.42 12.79 1.18 1.01 .16 21
VIt ver. 3 17.26 3.40 75 63 12 .15
vII- ver. 2 31.79 39 2.72 116 630 .380
hor. 4 48.79 19.76 3.30 61 717 280
vIr+ ver. 2 31.79 7.39 2.72 116 630 380
har 4 48,79 1976 330 A1 0 717 280 |

for «+» group is shown only by solid points. A number
over the standard deviation bar (same as N in Tables
3a, b and c) shows the number of contributing
components.

It spite of the fact that the number of data available

for s = 2 is clearly inadequate, it seems clear that the
amplitudes of peaks decrease as one moves from s = 0,
to s = 1 and from s = 1 to s = 2. This observation may
prove to be important well beyond the aspect of local
scaling of strong ground motion on the territory of
Yugoslavia. Trifunac and Brady (1975) found the
opposite trend for strong motion acceleration peaks in
the WUS, and numerous later studies (e.g. Trifunac,
1990) confirmed their findings. The present result for
Yugoslav data suggests that such trends may be
sensitive to regional geology, inelastic attenuation ((Q),
typical thickness of sediments, shape of the source
spectrum and on the regional dependence of amplitude
attenuation.

To investigate the combined effects of geological
and of soil site conditions, the available data (Tables
3a, b and c) was further subdivided into sub-groups
corresponding to SS; = 1,2 and 3. For each of these
sub-groups, the observed peak amplitudes were
averaged and presented in Tables 4a, b and c. It is seen

that the available data is not adequate to provide this
information on all combinations of the site parameters.
However, for a limited group of site parameter
combinations, typically $S; =2 and 3, for s = 0 and 1,
and for MCS = V — VII, the trends appear to be fairly
consistent (with only few exceptions). The peak
amplitudes for S§, = 2 (stiff soil sites) relative to SS; =
3 («rock» sites) are on the average about 3 times
larger. For shear wave velocities of 300 m/sec, for
example, and for the corresponding wave lengths of 30
m (for T = 0.1 sec) to 600 m (for T = 2 sec), the thin
and stiff soil layers (with thickness from say 10 to 50
m), should indeed result in mainly amplification, with
inelastic attenuation playing an insignificant role in the
amplitude range corresponding to the data presented
here (Trifunac, 1990).

Table 4a — Vertical and horizontal peack accelerations on different
geologic (S = 0, 1, 2) and soil (§S, = 1, 2, 3) site conditions, versus
MCS intensities in Yugoslavia.

AVERAGE ACCELERATION PEAKS (cm/sec?)

S=0 s=1 s=2
_ | VERT. | . | VERT. | ,,_ | VERT. | », | VERT. | y— | VERT. | .., | VERT.
MCS | SSc | N” | wor. | M| wor |¥ | mor |¥*| mor. |¥ | mor. |¥*| moR.
1
204 T 01
Vo 2]t sse|t] sss|? 9.9
3
1
19.79 Y 3328 10.07 e e
v * 1% azas| 7| s035 | ') aare| | 10|t | 7ar| 1| 787
6.89 8.28 9.76 333
S 17 arss [ 4] wes | %] mwr| % | miss
7.60 750
L I BT YN I A YT
30.42 3057 7546 7473 T8.11 .11
VI 12 |2 sous |®| so90 || sos7 || so76 | 2 | seve | 2 | saoe
11.69 8.36 13.87 10.6 15.54 15.54
313 1562 | ® | e || 1sos| | 106 | | 1284t | 1234
i
389 ) 528 578
VIL 1215 g9 | mel|?| ore|?| 21
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S * )l asar || o | 7] erz|®| ses| 2| assl?| s
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R 1114 7y
vin | 2
m Y eaor [ 2] 19| | 123
1316 125.5 92.9
3
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1
3102 3102 202.7 202.7
2
x 2| sors | %) sors| ‘| smse| ! | ase
3 1 140.9 1 140.9
198.4 198.4




Table 4b - Vertical and horizontal peack velocities on different geologic
(S =0, 1, 2) and soil (§§, = 1, 2, 3) site conditions, versus MCS
intensities in Yugoslavia.

AVERAGE VELOCITY PEAKS (cm/sec)

5=0 s=1 S=2
_ | VERT. | yy | VERT. | ,_ | VERT. | ,, | VERT. | ,_ | VERT. |, | VERT.
MCS | SS: | ¥ | ‘mor. || mor | ¥ | mor. |¥'| wor. |V | Hor |¥"| How.
1
o1 a1 2
Vol2[*'] g0s| | s0s|? m
3
1
75 KD 273 I8 ) 09
Vo1 2 18] 205 7| soa| ]| spp|? o |t a0t 19
13 14 ) 38
S 3|t | ® 58 | ® 59
15 15
v s 51
o4 o 103 117 % %
VI [ 2 %) gar ™) o8| 266 |2 21| 2| 162 2| 162
125 60 5 o 33 33
313 res|® | %] 12|22 s ! 1! 31
1
733 183 274 713
VI )2 S| sos| %] apo| | srr| 2| 718
5.50 3.63 1.40 1,06 773 2.73
S 1% wae0 | Y] sas| 7| 395 % | 2e9| % | s30| 2| ss0
1
116 5.30 128
v
I V] ogae| 2] 00| %] om
6.12 9.49 5.76
3 Sl oo | 2 s | *| ess
i
17.88 7.8 17.95 1795
X 1202 wmsa|?] ass| | e | '] 326
s s | i
2213 22.13

Table 4¢ — Vertical and horizontal peack displacements on different
geologic (§ = 0, 1, 2) and soil (§S, = 1, 2, 3) site conditions, versus
MCS intensities in Yugoslavia.

AVERAGE DISPLACEMENT PEAKS (cm)

s=0 5=1 s=2
_ | VERT. |, | VERT. | ,_ | VERT. | .., | VERT. |, _ | VERT. | ., | VERT.
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Discussion and conclusions

The trends observed in Figures 4, 5 and 6, showing
that all peak amplitudes are amplified by soft geologic
site conditions will, of course have to be further
confirmed by additional data and by further studies of
spectral shapes and their dependence on [, similar to
what has been done for the WUS data (Trifunac, 1990).
If the observed trends are indeed representative (and
can be repeated in future observations of strong
motion), this means that the average shape of Fourier
spectra of earthquake excitations recorded in

Yugoslavia, for the same local magnitude (Lee et al.,
1991), and for the same site intensity of shaking, are
different from the shape of the spectra of strong
earthquake motion in California. It appears now that
Fourier and Response Spectra may have larger high
frequency amplitudes in Yugoslavia. This must be
carefully studied in future analyses for several reasons.
First, detailed description and characterization of the
observed differences between Yugoslav and WUS data
should help in understanding how much are our
inferences about the nature of strong ground motion
just the accidental consequence of the particular data
set and of the parameters describing the geologic
environment, earthquake sources and wave attenuation
in the WUS. Understanding such differences will help
to extrapolate many results and empirical scaling
relationships from the WUS to those regions where
there is little or no data at present, but correctly and
using sound physical principles, which can be verified
in this type of a comparative study. Second, careful
understanding of these differences shall be of
importance to many analyses in earthquake resistant
design of important structures. This could mean that the
use of attenuation equations of peak acceleration,
velocity and displacement, developed with the WUS
data and the «standard» shapes of the design spectra,
already frequently used in many countries, could be
inappropriate and in some instances not conservative.
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