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ABSTRACT

In this report, a method for generating artificial strong motion
accelerogram for use in engineering design is presented. It utilizes
characterization Qf strong shaking in terms of (1) earthquake magnitude
and epicentral distance, or (2) Modified Mercalli Intensity at the
recording station. The effects of geologic environment on the
amplitudes and duration of strong shaking have been included. The
resulting accelerograms have Fourier amplitude spectra and frequency
dependent duration characteristics which agree with observed strong
motion accelerations. The phase and group arrival times are chosen

to agree with the dispersion model at the site.






INTRODUCTION

After 45 years of strong motion recording programs in the western
United States, less than 200 significant strong motion accelerograms
have been recorded, processed, and analyzed (Hudson, 1976). While
this data represents a unique and invaluable collection for studies
of strong earthquake ground motion, it does not cover all different
recording conditions to represent a complete observational basis for
use in engineering design. Thus, for certain engineering applications
it is necessary to estimate future shaking at a site, often at the
limit or outside the range of parameters for which recorded data is
now available. Furthermore, considerable variability in the charac-
teristics of recorded motion under similar conditions may require a
characterization of future shaking in terms of an ensemble of accelero-
grams rather than just one or two "typical" records.

In many analyses of earthquake engineering, particularly those which
deal with the nonlinear response of structures, the entire analysis must
be performed in the time domain because the superposition techniques
break down. The time records used for such analyses can be either re-
corded accelerograms or synthetic seismograms.

This and related requirements have created a need for the development
of techniques for generation of artificial time histories that simulate
realistic ground motions with different degrees of detail and from
different viewpoints. In this report, we review some of the major
contributions to this problem of generating artificial accelerograms

and present a refinement of the method presented by Trifunac (1971b).



Apparent irregularity of early recorded accelerograms (Housner,
1947) and the limited number of records in the 1950's have led some
inVestigators to explore the possibility of modeling strong grbund
shaking by means of random time functions of simple but known pro-
perties. Housner (1955), for example, assumed that an accelerogram
could be modeled by a series of one-cycle sine-wave pulses; others used
a series of pulses distributed randomly in time (Goodman, et. al., 1955;
Hudson, 1956; Rosenblueth, 1956; Bycroft, 1960; Rosenblueth and
Bustamante, 1962). On the basis of such artificial time functions of
known statistical properties, it became possible to study the response
of hysteretic structures (Housner and Jennings, 1964) and to design
for the effects of seismic forces on the basis of probability methods
(e.g., Tajimi, 1960; Goto and Kameda, 1969; Penzien and Liu, 1969).

With the increasing number of recorded accelerograms in the 1950's
and early 1960's, however, it became clear (Bolotin, 1960) that the
nonstationarity of ground motion can influence structural response
significantly. This prompted the development of methods for construc-
tion of artificial accelerograms using nonstationary random time series
analysis (e.g., Bogdanoff, et. al., 1961; Cornell, 1964; Amin and Ang,
1966; Goto, et. al., 1966; Shinozuka and Sato, 1967; Jennings, et. al.,
1968; Goto and Toki, 1969). The nonstationarity in these models was
achieved typically by (a) multiplying stationary random time series
by a nonstationary envelope function, by (b) changing the frequency
content of artificial accelerograms as a function of time, and by
(c) superimposing simple earthquake sources with some phase delay in

time (e.g., Rascon and Cornell, 1969) to represent propagation of a



simple earthquake source (e.g., Honda, 1957) by means of radiated P
and S waves only.

Recent observational studies of strong ground motion have shown
that a typical strong motion record consists of near-field, interme-
diate field, body waves and surface waves contributing different>amounts
to the total result; depending on the earthquake source mechanism and
on the wave path (e.g., Trifunac, 1971a; Trifunac, 1972a,b; Trifunac,
1973) . Empirical studies of spectral characteristics (Trifunac, 1976,
1978) and frequency dependent duration (Trifunac and Westermo, 1976a,b)
have further shown the dependence on the geologic environment of the
recording station. Consequently, realistic artificial accelerograms
should have nonstationary frequency, amplitude and duration characteris-
tics that agree with the trends which are present in the recorded
accelerograms.

While choosing a suitable accelerogram for a particular analysis,
many factors must be taken into account. For example, the characteris-
tics of an accelerogram depend on the distance between the source and
.the site, some measure of the size of the earthquake, and also the
geology surrounding the site. The recorded seismograms cannot be
modified in a simple way to satisfy the requirements at all sites and
thus site dependent artificial accelerograms are needed.

The majority of the proposed methods for the generation of synthe-
tic accelerograms fall into two categories: (1) methods that utilize
random functions, and (2) methods that involve source mechanism and
wave propagation models. Using the former methods, the resulting

accelerograms do not always have a correct frequency content for



engineering applications and the frequency characteristics of the time
record are often uniform from beginning to the end of the record. For

a recorded accelerogram, the frequency contained in the earlier part

is generally higher. Using the latter methods, a more physically
consistent record can be generated, but it is impossible to model all

the details of the source as well as the wave path adequately for the
complete frequency range of interest (e.g., 0.05 Hz to 30Hz). Because
of the simplifications, the records generated often lack proper phys-
ical high frequency characteristics whén compared with recorded accelero-
grams.

This report presents a method for constructing synthetic accelerograms
which have a given Fourier amplitude spectrum, F(w), and a given dura-
tion. The Fourier amplitude spectrum and the duration can be obtained
from correlation with earthquake parameters. The times of arrival of
the waves are derived from the dispersive properties of the site; i.e.,
the phase and group velocities for the lowest modes of surface waves.
This method thus introduces the characteristics of each site into the

resulting artificial accelerogram.



THEORETICAL BASIS

To construct an accelerogram from time independent quantities
such as a Fourier amplitude spectrum, it is first necessary to under-
stand the processes by which these quantities are obtained in the
recorded accelerograms. It is from this understanding that one can
better determine what information is modified by the forward mapping
and hence, what needs to be restored. Most empirical scaling proce-
dures neglect the phase of the spectrum since a correlation involving
the phase of the Fourier transform is equivalent in difficulty to cor-
relating the time histories themselves. Instead, just the modulus of the
Fourier transform (a typical example is shown in Figure 1) is typically
correlated with pertinent scaling parameters. These correlations may take
many different forms depending on which parameters are used to characterize
strong ground motion'(Trifunac, 1976, 1978).

To describe the method presented in this report, we begin by considering a

group of harmonic waves having a Fourier transform of the form

- * .
e-l(w~wn)tl + 1¢1

c for w_ -Aw=sw=sw_+ Aw,
1 n n
*
_ -i(wtw )t - id o _
Fl (w) = ce n’ 1 1 for w, Aw=sws w + Aw,
0 otherwise . (D)

|F1(w)| has a constant amplitude, c, and its wave form in the time

1

domain is

©
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fl(t) = o Fl(w)e
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dw = Q (t)cos(w t+¢;) (2)

in which Ql(t) is an envelope function
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Figure 1

Fourier amplitude spectrum for N65E component of strong motion ac-
celeration recorded during Parkfield, California, earthquake of 1966.
Average (p=0.5) and the 80% confidence interval (between p=0.1 and 0.9)
for Fourier amplitude spectra for M=5.6, epicentral distance, R=10km
and alluvium site condition (s=0) after Trifunac (1976) are also shown.
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Q (t) = (3)

T )
The function Ql(t) has its maximum at t=t;, and it decreases as It-tzl
increases. A simple illustration of fl(t) is shown in Figure 2 (top).
The quantity tI can be viewed here as the arrival time for the wave
group fl(t).

Consider now a second group of waves (Figure 2, middle)

*
2c2 S1nAw(t-t2)

£,(t) = = cos(w t+¢,) . (4)
2 m (t—tz) n 2

It has a constant Fourier amplitude IFz(w)l of c, over the same frequency

band as fl(t), i.e.,

*
e-1(w-w )t2 + 1¢2

02 n for w_-Aws=sw=sw +Aw
n n
*
F,(w) =q<c¢ e—l(w+wn)t2 - 1¢2 for -0 - AWS WS -w + Aw
2 2 n n
0 otherwise . (5)

When these two groups of waves are superimposed as

gt) = £,(t) + £,(t) | (6)

the Fourier amplitude of g(t) is no longer constant, and becomes

_ [27 2 —
|G| = [F @) +Fy@)] = yfe] + 5+ 2eq¢c,008[ (ww ) (t,-t,) + (6,0 )]
(7)
a function of w over the interval, w, - Aw S[mIS(%]+Aw . The examples

of the functions g(t) and |G(w)| are plotted in Figure 2 (bottom).
The oscillatory characteristics of |G(w)| about its mean are such
that the amplitude is controlled by the difference in amplitudes of

< and <, and the rate of oscillation is controlled by the difference
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in arrival time, (tl-tz). Therefore, the irregularities of a typical
Fourier amplitude spectrum (Figure 1) can be thought of as being the
interferences caused by many wave groups arriving at the site with
different amplitudes and at different times.

To reconstruct an accelerogram from the Fourier amplitude spectrum,
one must have the following additional information: (1) the arrival
times, and (2) the relative amplitude of different waves. For the
latter task, only relative amplitudes are needed because the absolute
amplitude of the combined time history is constrained by a given Fourier
amplitude of complete artificial accelerograms. Much of the required
information on the overall spectrum amplitudes and shape is readily
available. Detailed information on the relative amplitudes of surface
waves to body waves, depends strongly on the source mechanism and the
wavepath and is more difficult to derive. Hence, it is necessary to
assume some of these parameters on the basis of previous seismological
observations. The procedures used to generate the complete accelerogram

are described in the next section.



10

GENERATION OF SYNTHETIC ACCELEROGRAMS

Wave propagation studies have shown that in an inhomogeneous
medium the surface waves and body waves travel at different velocities.
Furthermore, in layered media, surface waves travel in a dispersive manner,
their velocities depending on the»material properties of the medium, the
frequency of wave motion, and the geometrical configuration of the layérs.
The group velocities for a particular site can be estimated either
by processing of previous records using techniques in observational
seismology or by theoretical calculations. At present, most theoreti-
cal models are based on horizontal parallel layers. An example is
shown in Figure 3, in which an approximate profile for the El Centro,
California site is used. Although the assumption of horizontal layers
is a restrictive one, it is advantageous to use theoretically calculated
dispersion curves for the generation of different phases of arrival times
because experimentally derived results may not be available for all sites
and it is also difficult to obtain them for high frequencies.

Once the dispersion curves have been computed, the arrival times
of the mth mode at w can be written as

* R 8
tam T U (0 (8)
m n

where R is the distance from the source to the station and Um(mn) is
the group velocity of the mth mode at the frequency band centered at w -

One can select the frequency bands narrow enough, i.e., Awn
small enough so that Um(w) is approximately constant throughout,
w -AwHS(usu%{+Awn. Then the contribution to the total accelerogram
n

from this particular frequency band can be expressed as
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*
M sinAwn(t-t )

hn(t) = I anAnm
m=1

™ cos(w t+¢ ) (9)
(t-t. ) n n
nm

where M is the total number of surface wave modes, ¢n is a phase intro-
.duced to include the effect of source dislocation and other miscellaneous
effects along the propagation path, w, is the center frequency, and tn;
is the arrival time of the mth mode given by equation (8). The ampli-
tude of each mode is currently defined as anAnm’ Anm being the relative
amplitudes of different surface wave modes and an,is a scale factor to
be used for determining the final amplitude through a specified Fourier
amplitude spectrum, FS(wn).

With all the different waves arriving at different instances, the

Fourier amplitude of hh(t),

| T oA e~i((w-wn)tnm-¢n)|, wn-Awslwlswn+Awn
n=1 2 "n nm
@] =
0 otherwise (10)

is an irregular function over a narrow band of 2Aw. We match its mean
amplitude so that
w_+Aw
n n
w) |dw
|H ()]
w -Aw
n_n
2Aw
n

= FS(wn) . (11)

Thus, by substituting equation (10) into (11), one can solve for the

scale factor an as
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ZAwnFS(wn)
% = w_+Aw (12)
n n

M . K
f/ | = Anme-1 (et - o) | dw

m=1

w_-Aw
n n

A similar procedure can be applied to other frequency bands within the
frequencies of interest. For a Fourier analysis divided into N non-

overlapping bands, the total accelerogram can be expressed as

*
N M sinAwn(t—tn )
a(t) = & a I A cos(w t+¢ ) . (13)
n=1 " p=3 ™ (t-t:m) non

As pointed out by Trifunac (1971b) body P- and S-waves could be
modeled, for purposes of generating artificial accelerograms for use
in engineering response calculations, in two different ways. One
approach would consist of adding two bursts of energy to the surface
wave motions modeled by (9). Another simpler approach adopted in
this paper is to merely add "higher order modes'" to the dispersion
curves of surface waves and to select Anm SO fhat contributions of
these modes 'represent" P- and S-wave arrivals. Surface wave modes
6 and 7 in Figure 3 have been chosen in this manner for examples
shown in this work. In the following secfions, the methods for cal-

culating various parameters such as Anm and ¢n will be discussed.

1) Calculation of App and ¢p

Depending upon the faulting mechanism and the wave paths to the site,
various amplitudes of body and surface waves will be excited. Some

methods have been developed in seismology for the partitioning of
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radiated energy, but for strong motion and for near field shaking,
scaling of spectral amplitudes based on the empirical scaling

laws derived from recorded accelerograms may be preferable. For
the accelerograms presented in this report, Anm was chosen to be
as proposed by Trifunac (1971b).

The values of Anm as a function of frequency have been given

as
An(@y) = A mA,(w) (14)
where
Aym) = |exp(-(m-m)?/2¢0) s x|,
and

_ 2,,2
Ay(w) = lBoexp(-(wn-wp) /20g) +BpXp |
me and an are random numbers between -1 and 1, the other constants

are defined in Table I. The phase ¢n is assumed to be random be-

tween -1 and T.

Fourier Amplitude Spectra and Duration

Since the smoothed Fourier amplitude spectra are necessary for

defining the absolute amplitude, and the duration is needed to determine

the time length of strong motion acceleration, it is useful to sum-
marize here empirical relationships for these quantities in terms of
the simple earthquake scaling parameters. Following the work of Lee,
Westermo and Trifunac (Trifunac, 1976; Trifunac, 1978, Trifunac and
Westermo, 1976a,b; Trifunac and Lee, 1978; Westermo and Trifunac,

1978, 1979) the Fourier amplitude spectra and duration can be
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TABLE I

0.2 1.5 10 5 0.1

0.2 1.5 10 5 0.1

0.2 1.5 10 5 0.1

0.2 2.0 25 15 0.1

0.2 2.0 25 15 0.1

0.2 3.0 30 10 0.3

0.2 1.5 30 5 0.25
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estimated in terms of four sets of parameters. These parameters

are briefly described in the following paragraphs.

(i) For the description of the size of an event at a given site,
either the Modified Mercalli Intensity, IMM’ or the magnitude, M,

and the epicentral distance, R, can be used.

(ii) For the description of geologic conditions at a site, either
the site parameter, s, or the depth of sedimentary layer, h, can be
used. The site parameter, s=0, represents the alluvial sites, s=2
the rock sites, and s=1 the sites with intermediate geological condi-
tions. For a continuous description of a site, the depth, h, in kilo-
meters, can be employed to represent the thickness of the sedimentary
layer overlying the basement rock. The characteristics of s=0 are
roughly equivalent to h=4 km, and s=2 is roughly equivalent to h=0.
(iii) For distinguishing the horizontal and vertical components

of ground motion, the parameter, v, has been introduced. v=0 for
horizontal and v=1 for vertical motion.

(iv) For a description of the way the data is distributed about

the mean trends of the empirical models, the confidence level, P,
was introduced. It approximates the probability that either the
Fourier amplitude or the duration will not be exceeded for a given
set of parameters. In the regression analyses of the Fourier am-
plitude spectra, a parameter, pz, is occasionally used instead of

P, In using Py the distribution of data is approximated by a
linear trend through the mean, while in using P,» the distribution

of Fourier amplitudes is assumed to be Gaussian. Anderson and
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Trifunac (1977) have shown that the relationship

[P 1 (e-um)’
Pa 7 | VAo " 7\ om ) |d (15)

can be used to relate P, to Py - In this expression, u(T) and o(T)
represent the mean and standard deviation at period T of a Fourier
spectrum. It has been shown that in the range of 0.1:sp2;50.9,

P, and P, are nearly the same.

3) The Empirical Scaling of Fourier Amplitude Spectra
| This section summarizes the regression relations developed for
scaling Fourier amplitude spectra. Since these regression analyses
- were performed independently over frequency, all the coefficients

in Table IIT are listed as functions of period T=1/f = 2n/w.

(A) The Fourier amplitude spectra, FS(T), in terms of M, R, s, v,

and py are given by

log, (FS(T) = log; )A (R) - a(T)py - c(T) - d(T)s - e(T)v - g(T)R

2 .
M- b(T)Mmin - £(T) Mmin for M SMmin ,
. 2 ‘ N )
+ 4 M-b(T)M- £(T)M for M. SMsM_ ., (l6)
2 :
Mpax = P(T) Mpax = £(T) Miax ~for M2M
where
__b(Mm _ 1-b(T)
Mnin 2£(Ty * 2™ Moy = SEm

The term logIOAo(R) is" the attenuation function proposed by
Richter (1958) for the local magnitude scale insouthern California
(Table II). To correctly apply this method to another region,

the coefficients in equation (16), or a comparable equation,
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TABLE II

*
loglvo(R) Versus Epicentral Distance R

R (km) -loglOAo(R) R (km) -loglvo(R) R (km) -loglvo(R)
1.400 140 3.230 370 4.336
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.




Regression Coefficients for Fourier Amplitudes.

TABLE IIIA

Parameters: M, R, s, v, p,Q
log(T)  a(T) b(T) c(T) d(T) e(T)  10f(T) 1000g(T) o(T) u(T)
-1.398 -1.688 -1.086 7.615 -0.018 -0.098 1.320 -0.441 0. 0.492
-1.150 -1.620 -1.380 7.892 -0.080 -0.026 1.527 -0.869 0.300 0.502
-0.903 -1.517 -1.418 7.344 -0.068 0.094 1.542 -1.052 0.299 0.500
-0.655 -1.445 -1.216 6.249 0.011 0.229 1.364 -0.940 0.289 0.488
-0.407 -1.460 -1.053 5.587 0.102 0.304 1.206 -0.709 0.281 0.479
-0.159 -1.514 -1.129 5.913 0.163 0.319 1.227 -0.610 0.280 0.479
0.088 -1.549 -1.499 7.328 0.189 0.309 1.469 -0.753 0.287 0.488
0.336 -1.570 -2.592 11.230 0.197 0.288 2.250 -1.033 0.301 0.511
0.584 -1.601 -4.042 16.381 0.200 0.281 3.300 -1.258 - 0.312 0.532
0.831 -1.630 -4.699 18.875 0.204 0.292 3.775 -1.352 0.302 0.522
1.079 -1.633 -4.872 19.715 0.203 0.297 3.900 -1.375 0.289 k0.492
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should be derived entirely from data of that region, However,

in the absence of such data,.a reasonable approximation would

be to replace the term 1og10Ao(R) derived for southern California
with one applicable to the region considered. The values of the
coefficients, a(T), b(T), c(T), d(T), e(T), £f(T), g(T) are
tabulated versus logloT in Table IIIA. The values of o(T) and

U(T) are used to convert p, to Py in terms of equation (15).

(B) The Fourier amplitude spectra, FS(T) in terms of IMM’ s, v, and
p, are given by
logloFS(T) = a(T)pl-fb(T)IMM*-c(T)-fd(T)s*-e(T)v, (17)

The coefficients, a(T), b(T), c(T), d(T), and e(T) are tabulated
in Table IIIB. o(T) and u(T) are to be used in conjunction with
equation (15) to convert P, to Py- Py is given by the user but

p, must be used in equation (17).

(C) The Fourier amplitude spectra, FS(T), in terms of M, R, h, v

and pg. The form of the regression equation employed here is
similar to that of equation (16) except that the term -d(T)s is

replaced by -d(T)h, i.e.,

loglOFS(T) = loglvo(R) - a(T)pﬂ‘ - ¢(T) -d(T)h - e(T)v - g(T)R

b

2 <
M~-b(T)Mmin~-f(T)Mmin for M-—Mmin

’

2
+ 4 M-b(T)M- £(T)M for Mmin <M= Mmax

M »x~-b(T)Mma

- £(T)M2 for M2M___ ,  (18)
ma max max

b
The coefficients, a(T), b(T), c(T), d(T), e(T), £(T), g(T), the
mean, W(T), and standard deviation, o(T), are tabulated in

Table IIIC.
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TABLE IIIB

Regression Coefficients for Fourier Amplitudes.
Parameters:

IMM, S, V, pg

log(T) a(T) b (T) c(T) d(T) e(T) o(T) u(T)
-1.398 1.707 0.341 -4.295 0.159 0.011 0.321 0.476
-1.141 1.688 0.312 -3.467 0.222 0.025 0.326 0.496
-0.883 1.559 0.285 -2.523 0.178 -0.104 0.326 0.506
-0.626 1.387 0.272 -1.886 0.092 -0.264 0.315 0.501
-0.368 1.294 0.272 -1.626 0.023 -0.335 0.308 0.496
-0.111 1.316 0.286 -1.667 -0.016 -0.338 0.307 0.497
0.146 1.413 0.312 -1.937 -0.039 -0.277 0.314 0.508
0.404 1.516 0.320 -2.097 -0.079 -0.207 0.333 0.519
0.661 1.537 0.280 -1.947 -0.102 -0.234 0.342 0.522
0.919 1.485 0.216 -1.793 -0.063 -0.214 0.329 0.530
1.176 1.473 0.174 -1.983 -0.032 -0.014 0.318 0.541




Regression Coefficients for Fourier Amplitudes.
Parameters: M, R, h, v, pz
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TABLE ITIC

log(M) a(f)  b(M  c(T) 100d(T) e(T) 10£(T) 1000g(T) o(T) u(T)
-1.398 -1.000 -1.190 7.050 0.446 -0.047 1.370 -0.410 0.492 0.003
-1.141 -1.000 -1.360 7.050 0.823 -0.014 1.500 -0.514 0.479 0.015
-0.883 -1.000 -1.350 6.250 0.908 0.115 1.490 -1.150 0.435 0.018
-0.626 -1.000 -0.869 4.410 -0.564 0.273 1.110 -2.440 0.390 0.006
-0.368 -1.000 -0.465 3.120 -3.050 0.327 0.787 -3.740 0.379 -0.001
-0.111 -1.000 -0.422 3.150 -4.930 0.326 0.725 -4.470 0.389  0.000
0.146 -1.000 -0.662 4.270 -6.210 0.289 0.849 -4.530 0.406 0.024
0.404 -1.000 -1.020 5.680 -7.970 0.231 1.110 -4.860 0.450 0.072
0.661 -1.000 -1.020 5.610 -8.750 0.250 1.170 -5.780 0.481 0.088
0.919 -1.000 -0.192 2.880 -7.020 0.195 0.598 -6.200 0.469 0.037
1.176 -1.000  0.199 1.780 -2.620 -0.030 0.328 -5.190 0.501 -0.001
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(D) The Fourier amplitude spectra, FS(T), in terms of ImM, h, v, and

Py are described by

log, (FS(T) = a(T)p, +b(T) Lt €M +d(T)h+e(Mv . o)

The coefficients, a(T), b(T), c(T), d(T), e(T), the mean, u(T),
and the standard deviation, o(T), are tabulated in Table IIID.

Unless a particular situation calls for a specified spectrum, the

above empirical scaling functions are capable of producing site

dependent Fourier amplitude spectra that are consistent with current
observations. Shown in Figures 4 through 8 are some examples cal-

culated for different sets of parameters. In Figures 4, 5, and 6,

the smoothed spectra are determined by equations (15) and (16). By
varying the parameters M and R, the amplitude as well as the fre-
quency content of the spectra change. The irregular spectra plotted
in these figures are the Fourier amplitude spectra obtained by the
procedures described earlier. In Figures 7 and 8 examples of am-
plitude spectra are plotted using two values of MMI: although the
distance factor is omitted in the MMI correlations, it is used here

to determine the arrival times of different surface wave modes.

The Duration of Strong Shaking

For structural analyses that consider fatigue and nonlinear
response of structures, the excitation level alone is generally in-
adequate to characterize the response, and a description of the
duration of strong shaking is also necessary. For this reason, in
this work the duration is included as an important frequency depen-

dent quantity while generating a synthetic accelerogram.
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TABLE IIID
Regression Coefficients for Fourier Amplitudes
Parameters: IMM’ h, v, Py
log(T) a(T) b (T) c(T) 100d (T) e(T) a(T) u(T)
-1.398 1.000 0.340 -3.200 -3.370 0.039 0.581 -0.069
-1.141 1.000 0.312 -2.460 -2.920 0.008 0.574  -0.046
-0.883 1.000 0.278 -1.490 -1.980 -0.124 0.523 -0.024
-0.626 1.000 0.269 -1.080 -0.038 -0.281 0.442  -0.020
-0.368 1.000 0.266 -0.951 2.090 -0.343 0.400 -0.016
-0.111 1.000 0.276  -1.030 4.230 -0.347 0.401 -0.012
0.146 1.000 0.308 -1.360 6.730 -0.287 0.426 -0.002
0.404 1.000 0.322 -1.590 9.720 -0.204 0.475 0.010
0.661 1.000 0.277 -1.400 10.500 -0.237 0.496 0.012
0.919 1.000 0.203 -1.120 7.460 -0.226 0.467 -0.010
1.176 1.000 0.175  -1.320 4.400 -0.004 0.500 -0.044
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The duration of strong shaking is closely related to the dif-
ference in arrival times of the fastest and the slowest waves. Thus,
if a representative dispersion curve can be derived for the site,
it is most likely that such estimate of the duration will be in
agreemént with the empirical scaling relationships based on recorded
accelerograms. However, there are sites where suitable dispersion
curves are not available due to either a lack of data or because
the geometric characteristics of the site are too complicated for
conventional analyses. In these circumstances, a change must be
made in the proposed procedures for generating synthetic accelerograms.

A convenient way to vary overall characteristics of synthetic
accelerograms is through Anm' As defined in equation (14), Anm is
a function of the mode number and frequency. The amplitudes of
Anm can be chosen so that the overall Fourier spectrum amplitudes
and the frequehcy dependent duration are compatible with past
observations.

Using the definition given by Trifunac and Brady (1975), the
duration is estimated by the "energy-like" quantity

t

1(t) = | a?(mdr . (20)
(o]

The duration T is defined so that I(T) is 90% of I(»®), i.e., T is
taken to be the interval in time in which 90% of the seismic energy
is contributed to the motion at a point. Since the input vibra-
tional energy represents an important parameter in measurements of
fatigue, this definition of duration appears to be useful from

structural analysis point of view.
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The duration has been correlated with different parameters de-
scribing characteristics of strong shaking in a manner similar
to that used in scaling the Fourier amplitude spectra. In the work
by Trifunac and Westermo (1976a,b), the duration is analyzed in six

frequency bands, ranging from 0.125 Hz to 25 Hz as follows:

Frequency Center
Band Range (Hz) Frequency (Hz)
1 10-25 18
2 4-10 7
3 1.5-4 2.7
4 0.7-1.5 1.1
5 0.3-0.7 0.5
6 0.125-0.3 0.2

These frequency bands have been chosen to span frequencies which
are of interest to earthquake engineering research and applications.

The durations are analysed independently within each band.

(A) The duration, D, in terms of M, R and s

In this regression analysis, the duration of the horizontal
and vertical components are analyzed independently. Therefore,
the parameter v is not included and the empirical equation takes
the form

D=as +bM+cR+d+ o, (21)
where ¢ is the standard deviation. The coefficients a, b, c, d,
and 0 are tabulated in Table IVA for horizontal and vertical
component directions. The center frequencies of the six frequency

bands are used to identify the frequency content of the time re-

cord analyzed.

(B) The duration, D, in terms of Imm

In the analysis of duration in terms of IMM’ no site depen-

dent correlations were presented by Trifunac and Westermo (1976b).
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TABLE IV A

Regression Coefficients for Duration.
Parameters: M, R, s

HORIZONTAL COMPONENT

Center Frequency(Hz)

18 7 2.75 1.1 0.5 0.22
a -1.66 -1.38 -2.75 -4.09 -4.82 -3.02
b 0.64 1.32 1.28 -0.36 1.68 -0.43
c 0.13 0.08 0.09 0.08 0.07 0.09
d 1.88 -0.77 1.42 16.41 11.82 22.00
o 5.89 5.10 5.57 7.41 10.75 12.01
VERTICAL COMPONENT
Center Frequency(Hz)
18 7 2.75 1.1 0.5 0.22
a -1.04 -1.23 -3.30 -5.83 -6.80 -4.45
b 0.34 1.38 2.12 0.51 -0.47 -1.09
c 0.12 0.08 0.08 0.08 0.06 0.08
d 3.43 -0.57 -0.95 16.16 29.57 30.62
o 5.34 4.59 5.93 8.86 11.65 12.44
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Instead, Table IVBis used to display the dependence of the dur-
ation on IMM’ v, s and the center frequency, fc' For the cases
where the entries are blank, no data is available; n is the
number of data points used in the analysis, x is the mean dura-

tion, and 0 is the corresponding standard deviation.

The duration, D, in terms of M, R, h and pj

For this regression analysis, the horizontal and vertical

components are again presented separately. For each of these

component directions, the correlation takes the form

D=a+bM+ cR + dh + e(pa) (22)

in which e(pa) can be obtained from the inverse of

€ €
pa(e) = 1-+a1e81 + azeBZ . (23)

Given a confidence level, pa, one must first invert equation (23)
by a conventional numerical method to obtain €, the root of the
transcendental equation. The root, e(pa), can then be substi-
tuted into equation (22) for the calculation of D. The coeffi-

cients a, b, ¢, and d for equation (22), and s Bl’ a., and 82

2
for equation (23) are tabulated in Table IVC, separated by the

component directions and by the center frequencies.

The duration, D, in terms of IMM, h, and pa

For both the vertical and horizontal directions, the correla-

tion of D takes the form

D=a+bl, +ch+ e(pa) (24)
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TABLE IV C

Regression Coefficients for Durations.
Parameters: M, R, h, p

HORIZONTAL COMPONENT

Center Frequency(Hz)

18 7 2.75 1.1 0.5 0.22
a/10 0.182 -0.124 0.336 1.574 1.678 3.866
b 0.317 1.174 0.398 -0.980 0.057 -3.460
10c 1.331 0.761 0.937 0.887 0.762 0.865
d 0.536 0.412 1.120 1.411 1.342 1.129
o 1.037 1.152 0.043 0.890 0.889 1.250
108, -3.221 -3.893 -4.474 -1.816 -1.361 -1.039
02 -1.464 -1.550 -0.460 -1.315 -1.320 -1.651
108, -2.849 -3.518 -2.019 -1.586 -1.181 -0.956

VERTICAL COMPONENT
Center Frequency (Hz)

18 7 2.75 1.1 0.5 0.22
a/10 0.320 -0.108 0.120 1.847 2.580 4.263
b 0.070 1.216 1.099 -1.021 -1.351 -3.598
10c 1.262 0.818 0.851 0.901 0.732 0.910
d 0.592 0.485 1.525 2.174 2.198 1.363
o1 1.034 1.139 0.396 0.887 0.890 1.241
108, -3.753 -4.254 -3.137 -1.678 -1.274 -0.981
02 -1.469 -1.563 -0.821 -1.311 -1.315 -1.660
1082 -3.308 -3.797 -2.415 -1.463 -1.111 -0.889
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TABLE 1VD

Regression Coefficients for Durations.

Parameters: IMM’ h, p

HORIZONTAL COMPONENT

Center Frequency(Hz)
18 7 2.75 1.1

0.5 0.22
a/10 2.719 2.027 2.563 3.644 4.281 5.362
b -2.755 -1.676 -2.325 -3.340 -3.458 -4.686
c 1.095 0.882 1.770 2.112 2.080 1.230
01 1.145 0.108 0.963 1.381 0.305 0.313
108, -3.111 -4.539 -2.614 -1.631 -1.511 -1.147
Q2 -1.508 -0.429 -1.290 -1.723 -0.695 -0.664
1082 -2.841 -2.987 -2.386 -1.522 -1.142 -0.921
VERTICAL COMPONENT
Center Frequency(Hz)
18 7 2.75 1.1 0.5 0.22
a/l10 2.458 1.762 2.261 3.313 4.576 5.531
b -2.295 -1.348 -1.968 -3.008 -3.946 -5.290
c 1.211 0.908 1.579 1.734 1.679 1.422
o 1.160 0.439 0.887 1.248 0.072 1.397
108, -3.190 -3.852 -2.881 -1.601 -1.946 -1.027
Q2 -1.485 -0.906 -1.473 -1.863 -0.567 -1.914
1082 -2.954 -2.935 -2.304 -1.332 -0.892 -0.907
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in which €(p_ ) can be calculated by equation (23). The coeffi-
a

cients a, b, and c for equation (24), and s Bl, o, and 82

2
for equation (23) are tabulated in Table IVD, again separated

by the component directions and by the center frequencies.
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EXAMPLES OF ARTIFICIAL ACCELEROGRAMS

Following the development in equations (8) to (13), and
with scaling in terms of equations (14) to (24), one can readily
develop a computer program to calculate a synthetic accelerogram. Many
numerical algorithms can be applied, but since the Fourier transform
must be generated first to match a given Fourier amplitude spectrum,
e.g., equations (11) and (12), it is efficient to simply invert the
Fourier transform multiplied by the appropriate scale factors, o, as
given in equations (10) and (12). The result is equivalent to the sum
in equation (13).

In the program SYNACC (Appendix A), the Fast Fourier Transform (FFT)
algorithm is used to invert the Fourier transform, making the eﬁtire
process very efficient. One restriction of FFT, however, is that the
number of sample points, N, must be an integral power of 2. Thus, given

a time increment of At, N can be chosen as the nearest 2" so that
where L is the approximate desired length of the synthetic record.

Once At and N are given, the increment Aw in the frequency domain is

given as
Mo = 5= = = . (26)

This increment, Aw, is fixed for a given L. This may present a problem
if a smaller Aw is desired. To decrease Aw but holding At fixed,

the only option is to increase N so that
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N1=2mN, L.=2" , m>1, (27)

where N1 is the number of points to be used in FFT although N is the
actual number of points desired. In SYNACC, the length L is approximated
by dividing the epicentral distance by the slowest velocity of the dis-
persion curve, the length used for calculation by FFT is 2L. Thus, only
the first half of the 2N calculated points are kept as the synthetic
accelerogram. Using this approach, the results of FFT typically differ
from the actual summation of equation (13) by less than 1%.

Running on an IBM 370/158 or an equivalent, the central processing
unit time required to generate one accelerogram using SYNACC is approxi-
mately 10 to 20 seconds. Since the core requirement for SYNACC is small,
this program can easily be implemented on a mini-computer. The examples
presented in this report have been calculated by a "Data General Nova-3"
mini-computer. The time required for each accelerogram is approximately
2 minutes.

Figures 9 through 29 present examples of artificial accelerograms
computed for different scaling parameters and using frequency dependent
duration. In addition to synthetic acceleration, the digital plots of
these figures show the frequency (cycle/sec) and time (sec) dependent
envelopes in equation (13), normalized so that the largest amplitude is
equal to 5. To avoid cluttering and to show the significant contribution
to synthesized acceleration, in these figures, we present these ampli-
tudes only for £<5.75 cps. All accelerograms were calculated, however,
for 0.07 = f <25 cps.

Figures 9, 10 and 11 show the affect of increasing magnitude (M=5.5,
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6.5 and 7.5) and for fixed R=10 km, s=0 (alluvium), horizontal motions
(v=0) and for p=0.5 which approximates the average spectral amplitudes
(Anderson and Trifunac, 1977). Figures 12, 13 and 14 present the same
comparison but for R= 50 km.

The effect of different site conditions (s=2 for basement rock and
s=0 for alluvium) is shown in Figures 15 and 16 for M=6.5, R=20 km,
v=0 and p=0.5. While the overall acceleration amplitudes are quite
similar, for s=0 duration of strong shaking is longer that for s=2.

Figures 17 and 18 illustrate the effect of changing p; from 0.1 in
Figure 17 to 0.5 in Figure 18. For other parameters fixed, it is seen
that the overall amplitudes increase from p=0.1 to p=0.5. Thus, for
the accelerogram in Figure 17 there is 90% chance that its amplitudes
will be exceeded by strong shaking corresponding to M=6.5, R= 30 km,
s=0 and v=0. In Figure 18, this chance reduces to 50%.

Figures 18 and 19 show an example of the expected change between
horizontal and vertical accelerations for M=6.5, R=30 km, s=0 and
p=0.5. It is seen that high frequency motion in the first part of
strong motion is enhanced for v=1 relative to v=0.

Figures 20 through 29 present examples of synthetic accelerograms
for scaling in terms of MMI scale at the site. Figures 20, 21 and 22
show the effect of MMI increasing from VI to X and for R=10 km, s=0,
v=0 and p=0.5. Figures 23 and 24 present a comparison between s=0
and s=2 (alluvium and basement rock sites) and for MMI =V, R=30 km,
v=0 and p=0.5.

Figures 25, 26 and 27 illustrate the effect of p increasing from
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0.1 to 0.5 and 0.9. The examples for these three figures have been com-
puted for MMI =V, R=30 km, s=0 and v=0.

The last two figures illustrate the differences between horizontal
(Figure 28) and vertical (Figure 29) accelerations, and for MMI =V,
R=30 km, s=0 and p=0.5. As for accelerograms in Figures 18 and 19,
it is seen here that vertical motions have higher high-frequency content

in the first part of strong motion.
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CONCLUSIONS

In this report, we have presented a method for synthesizing realis-
tic strong motion accelerograms for use in engineering design. The
advantages of this method are that the results have almost all known
characteristics of strong shaking. In particular, these artificial
accelerograms have nonstationary characteristics in time which are de-
rived from known dispersive properties of earthquake waves guided
through shallow low velocity layers of the earth's crust. These disper-
sive characteristics can be introduced directly as an input into the
computer program (see Appendix A) and thus can portray directly the
geologic environment of each specific site. Other scaling functionals
required for synthesis of artificial accelerograms presented here are
(1) Fourier amplitude spectrum, and (2) frequency dependent duration of
strong shaking. These two functionals can be estimated either in terms
of empirical scaling relations developed in terms of earthquake magni-
tude (Trifunac, 1976; Trifunac and Lee, 1978; Trifunac and Westermo,
1976a; Westermo and Trifunac, 1978) or in terms of Modified Mercalli
Intensity (Trifunac, 1978; Trifunac and Lee, 1978; Trifunac and Westermo,

1976b; Westermo and Trifunac, 1979).
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APPENDIX A

Program Description for "SYNACC"

By compiling the theory and data presented in this report, a com-
puter program, ''SYNACC,'" is made available for the generation of
artificial accelerograms. This program is written in standard FORTRAN-1IV
and there are several features in this program that will allow easy appli-
cations.

1) The core space needed for this program is dynamically allocated
so that only one dimension has to be changed if the input para-
meters demand more core than originally allowed. There are two
locations in the programs (lines SYN01200 and SYN01260) where
the core requirement is checked; the program will automatically
stop if a larger dimension for the array ACC (line SYN00060) is
needed. After increasing the dimension of ACC, the user must
also increase the value of MBIG to the newly set dimension
(line SYN00100).

2) The unit numbers of the peripheral devices are made variable
because they may vary depending on the system used. NUl should
be set to the user's input device (e.g., a card reader), NU2 to
the unit number of the line printer, and NU3 should be assigned
to a permanent storage device such as a disk or a magnetic tape
if the accelerogram generated is to be saved for future use.
Currently, NUl, NU2, NU3 are 5, 6, and 7, respectively; for an
IBM computer, 5 is a card reader, 6 is the line printer, and 7

is the card puncher.
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3) Programmed into SYNACC are five options by which the synthetic
accelerograms can be generated. The first four options use the
correlation functionals developed by Lee, Trifunac and Westermo
to calculate the Fourier amplitude spectrum and the duration,
while the fifth option allows the users to specify their own.

The scaling parameters required for the first four options are:

Option #1: Magnitude, M, distance, R, in kilometers, site con-
dition, s, component direction, v, and confidence
level, pa.

Option #2: Modified Mercalli Intensity,IMM,zu:thesite,site con-
dition, s, comﬁonent direction, v, and confidence level, P,-

Option #3: Magnitude, M, distance, R, in kilometers, depth of
sediments in kilometers? component direction, v, and
confidence level, P,

Option #4: Modified Mercalli Intensity, IMM’ at the site, depth of
alluvium in kilometers, component direction, v, and
confidence level, P,

For a more detailed description of ‘these parameters, refer to

Section 2 of the text.

Input Data Format

1st DATA CARD (Read by the main program, line SYN00190)

READ (NU1,10) ICHOIC, IFDUR, IPUNCH, IGYZBE
10 FORMAT (415)

ICHOIC - an integer from 1 to 5, specifying the option to be used

to generate the synthetic accelerogram.

IFDUR - if IFDUR=0, do not impose the empirical scaling durations;
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~with this option, the epicentral distance and the input
dispersion curves will automatically produce desired

duration.
if IFDUR =1, impose the empirical duration scaling

IPUNCH - if IPUNCH= 0, do not output accelerogram through unit NU3;
if IPUNCH=1, output accelerogram through unit NU3.

IGYZBE - an odd integer from 1 to 1023, used as a starter for the
random number generator. There are a total of 512 dif-
ferent accelerograms that can be generated by using a
different starting value of IGYZBE. The limit of 512 is
only a restriction given by URAND, a subroutine written to
accomodate computers with 16-bit integer words. For computers
having integer wordsb of 32 bits or more, a random number genera-
tor can be substituted to generate 231 different accel erdgrams .

In nearly all cases, this is not required.

2nd DATA CARD depends on the value of ICHOIC

ICHOIC = 1, otherwise, ignore this option (line>SYN00320)

110 READ(NU1,120)DIST,AM,PR,IS,IV
120 FORMAT(F6.1,2F5.2,2I5)

DIST = epicentral distance in kilometers,
AM = magnitude M, ,
PR = confidence level py, from 0.05 to 0.95
IS=site condition s,

IS=0, alluvium
IS=1, intermediate
IS=2, hard rock

IV = component direction, v

1V=0, horizontal
Iv=1, vertical
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If ICHOIC =2, otherwise, ignore this option (Line SYN00450)

210 READ(NU1,220)DIST,MMI,PR,IS,IV
220 FORMAT(F6.1,1I5,F5.2,215)

DIST = epicentral distance in kilometers

MMI = an integer representing the Modified Mercalli Intensity at
the site

PR = confidence level, P,> from 0.05 to 0.95

IS = site condition s,
IS=0, alluvium
IS=1, intermediate
IS=2, hard rock

IV = component direction v,
IV=0, horizontal
Iv=1, vertical

If ICHOIC =3, otherwise, ignore this option (line SYN00580)

310 READ(NU1,320)DIST,AM,PR,DEPTH,IV
320 FORMAT (F6.1,3F5.2,15)

DIST

epicentral distance in kilometers

AM = magnitude, M

PR = confidence level Py from 0.05 to 0.95
DEPTH = depth of sediments in kilometers
IV = component direction v,

IV=0, horizontal
IV=1, vertical

If ICHOIC = 4, otherwise, ignore this option (line SYN00710)

410 READ(NU1,420)DIST,MMI,PR,DEPTH, IV
420 FORMAT (F6.1,I5,2F5.2,15)
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DIST

epicentral distance in kilometers

MMI = an integer representing the Modified Mercalli Intensity at the site

PR

]

confidence level P, from 0.05 to 0.95

DEPTH

depth of sediments in kilometers

IV = component direction v,

IV=0, horizontal
IV=1, vertical

NOTE: The time increment At =0.02 is automatically set for the first
four options because no empirical data is available for fre-
quencies higher than the Nyquist frequency of 25 cycle/sec.

If ICHOIC = 5, otherwise, ignore this option (line SYN00830)

510 READ(NUL,520)NTAB
520 FORMAT(I5)
DO 540 IJ=1,NTAB
READ (NU1,530)TU (1J) ,AU(1J)
530 FORMAT (2E10.3)
540 CONTINUE
READ (NU1,550)DT
550 FORMAT (E10.3)

NTAB

]

number of points in the Fourier amplitude table to
be read in by the user,

]

TU(1J),AU(1J) the periods T and amplitudes FS, respectively. These
must be read in as one pair per éard in 2E10.3 format,
and there should be a total of NTAB cards. The unit
of TU is in seconds, and the unit of FS is in g-sec
where g is the acceleration of gravity, either

9.81 m/sec2 or 32.197 ft/sec2

DT

n

the time increment, At in seconds.

3rd DATA CARD (Read by the main program, line SYN01030. Note, this is

not the 3rd card for option ICHOIC = 5.)
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610 READ(NU1,620)NWAVE
620 FORMAT (I5)

NWAVE = the total number of surface wave modes to be considered in

the superposition of surface wave contributions.

THE FINAL DATA CARDS (Read by the subprogram READW, lines SYN0O1700 and
SYN01770)

DO 30 IW=1,NWAVE

READ (NUL,10)MODNUM (IW) ,KPOINT (IW)
10 FORMAT (215)

READ(N 1,20) (T(K),V(K),K=1,KPOINT (IW))
20 FORMAT(16F5.2)

30 CONTINUE
MODNUM(IW) = the mode number of the IWth mode, use a positive integer
if it is Rayleigh wave, but use a negative integer if
it is a Love wave. The sign is used for identification
purposes only.
KPOINT (IN) = the number of points required to digitize the dispersion

curve for this particular mode so that it can be inter-
polated linearly.

T(K),V(K) = the period in seconds, and the group velocity in km/sec
for the dispersion curve. There is a total of KPOINT (IW)
pairs of T and V, read in as 8 pairs per card in 16F5.2

format until all pairs are read.
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Figure A.1 Program Organization for SYNACC

*Function Subroutines

NPOINT
PGSTOP
READW
*
TNM
DTIME
DURTN*
FSA SAFIT PLIN*
ANM* URAND
PREP FSP
TNM*
URAND
RFFTI FOUR1
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: SYNEBH13
"SYMACC" - A FORTRAN PROGRAM FOR THE GENERATION OF SYNBBRZA
SYNTHETIC ACCELEROGRAMS. BY HUMNG LEUNG WOMG. SYNBZOZH

18 JULY 1973, UNIVERSITY OF SOUTHERN CRLIFORNIA. SYNBER40

* SYNOBRSH

DIMENSION RACC(SS8a> SYNBRRER
COMMON/ERARTHR-DIST, AM, PR, IS, IV, MMI. DEPTH, NUM, AL®. ICHOIC, CONST SYNOPBTE
COMMON~/F SUSERANTAB. TUC188>, AUL168 3 SYNBBEASE
COMMONA/UNIT/MUL, NU2, NUZ : SYNOBB2E
MEIG=5560 SYNO@10D
SYNOD118

UNIT NUMBERS FOR THE PERIPHERAL DEVICES: SYNBRLZO
NUL=INFUT DEVICE; NU2=PRINTER; MU3=PUNCH., TAPE. OR DISkK. SYNOB1ZEa
SYNPG146

NU1=5 SYMNER15A
MU2=6 SYNBB1ED
NUZ=7 SYNEB17e
SYNBRLZ0

READ (N1, 18> ICHOIC, IFDUR. IPUNCH, IGYZBE SYNBB133

189 FORMAT:41IS5) SYNBE2BE6
WRITE <NUZ, 20> ICHOIC. IFDUR, IPUNCH, IGYZBE SYNBDRZ1G

<8 FDRMATL2H, ZBHPARAMETERS USED FOR OPERATING SYNACC . /2K SYNARIZZD
#  TH, 28HCHOICE OPTION NUMBER, 12/2%./ SYNOAZZD

*  TH, 2P7HDURATION FARAMETER : IFDUR=, I1.2%/ SYNBBZ40

* VR, ZEHPERMANENT OUTPUT PARAMETER : IPUNCH=, I1,2%./ SYNBB2S5G

# 7, 2Z3HINITIAL RANDOM NUMBER :, IS5/2%/) SYNBBZED

GO TO <118, 218, 216, 418, S18)>. ICHOIC SYNBBZ TG
SYNBE2EG

ICHOIC=1: INPUT DISTANCE., MAGNITUDE. CONFIDENCE LEVEL, SYNBB293
SITE CONDITION AMD COMFONENT SPECIFICATION. SYNEEZaD

SYNPBZ19

118 READ <NUL, 12@> DIST, AM, PR, IS, IV SYNB@EZZH
126 FORMATCFE. 4, 2F5. 2. 215) SYNBBZ3H
WRITE <NU2,130> ICHOIC,DIST. AM, PR, IS, IV SYNSB3240

136 FORMATCZM. 4SHSTATISTICAL PARAMETERS USED FOR OPTION NUMBER. 12,2 SYNORZESH
* TR, SHDISTANCE=, F6. 1, 2H KM/7X, 18HMAGNI TUDE=, FS. 2/ SYNBBZEE

#  7X, APHCONFIDEMCE LEVEL=, FS. 2/7X, 1SHSITE CONDITION=. 12/ SYNOBZTH

# VA, 2EHCOMPOMENT DESCRIPTOR : IV=. I1./2X> SYNBEZSa
LT=0. B2 SYNBBZ90

GO TO €19 SYN@R425
SYNOBY1D

ICHOIC=2: INPUT DISTANCE, MM INTENSITY, CONFIDENCE LEVEL. SYNBB426
SITE CONDITION AND COMPONENT SFECIFICATION. SYNOB4ZR

' SYNOG44a

210 READ <NU1, 228> DIST. MMI, PR, IS, IV _ SYNBO45D
220 FORMATCFE. 1. IS, FS. 2, 215) SYNBBL5G
WRITE (MNU2, 238> ICHOIC, DIST.MMI.PR, IS, IV : SYNBBI7O

230 FORMAT(2X, 45SHSTRTISTICAL PARAMETERS USED FOR OPTION NUMBER, I2/2X/ SYNGO4S0
*  PX: BHDISTANCE=: F6. 1, 3H KM, /7%, 15HM. M. INTENSITY=, I3/ SYNDB4SG

#  7X: 17HCONF IDENCE LEVEL=, FS. 2/7%, 1SHSITE CONDITION=, 12/ © SYNBBSEe3

*  7X, 26HCOMPONENT DESCRIPTOR : IV=, I1./2%)> SYNORS1D
DT=8. 82 SYNBAS20

GO TO 610 SYNBBS3H
SYNEBS40

ICHOIC=3: INPUT DISTANCE. MAGNITUDE, CONFIDENCE LEVEL. SYNBQS50
DEPTH AND COMPONENT SPECIFICATION. SYNBBSEQ

SYNBES570

216 READ ¢NU1, 228> DIST. AM. PR, DEPTH, IV SYNBBS89
320 FORMATCFE6. 1, 3FS. 2, 1S) SYNBAS9D

WRITE (NU2, 328> ICHOIC.DIST, AM, PR, DEFTH, IV SYNOBEOB
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330 FORMAT(2X, 4SHSTATISTICAL PARAMETERS USED FOR OPTION NUMBER, 12/2X/ SYN@BE10

* 7%, SHDISTANCE=, F6€. 1, 2H KM, /7%, 18HMRGNITUDE=, FS. 2/ SYNBGcz2a

* 7%, 17HCONF IDENCE LEVEL=, F5. 2/7%, 28HEFFECTIVE DEPTH OF LAYERING=. SYNGO&20

*  F3. 2, 3H KM/7X, 26HCOMPONENT DESCRIPTOR : IV=, I1./2%) SYNBB&40
DT=8. 62 SYNOOsSE

GO TO 610 SYNOBEEa

C SYNBBET?G
[ ICHOIC=4: INPUT DISTANCE. MM INTENSITY. CONFIDEMCE LEVEL., SYNOBSsa
C DEPTH AND COMPONENT SPECIFICATION. SYN@geoa
[ - SYNaa7an
418 RERD <NU1, 420> DIST, MMI. PR, DEPTH, IV SYNBG710
428 FORMATC(FE. 1, IS, 2FS. 2, IS)> SYNBJ720
WRITE <NU2. 420> ICHOIC, DIST, MMI, PR, DEPTH, IV SYNBA?320

438 FORMAT(2X, 4SHSTATISTICAL PARAMETERS USED FOR OPTION NUMBER, 12/2%/ SYNBG748

# 7%, SHDISTANCE=, F6. 1, 2H KM, /7%, 15HM. M. INTENSITY=, I3/ ) SYN@B750

*  7X, APHCONF IDENCE LEVEL=, FS. 2/7X, 28HEFFECTIVE DEPTH OF LAYERIMNG=, SYNBOT6R

*  F3. 2, 3H KM, /7%, 26HCOMPONENT DESCRIFTOR : IW=, I1./2X) SYNBAT7R
DT=8. 82 SYNBArSa

GO TO é10 SYNaa7?9a

C SYNORsoG
[ ICHOIC=5: INPUT USER”S FOURIER SPECTRUM, TOTAL OF NTAB POINTS. SYNBag1a
C - - SYNaagza
5180 READ <(NU1, 528> NTRB SYNOBES 2R
528 FORMATCIS) SYNBGge4a
DO 540 1J=1,NTRB SYMBa25a

RERD (NU1, 538> TUCIJI>, AUCIT) SYNBBSED

538 FORMATC(2E18. 3> SYNa3sT e
540 CONTINUE ' SYNOBSEa
READ <(NU1, 558> DT SYNB3S2a

550 FORMATCE19. 2> ‘ SYNBAS06
WRITE (NU2, 569> ICHOIC.DT SYNa3319

568 FORMAT(2X, 4SHSTATISTICAL PARAMETERS USED FOR OPTION NUMBER, I12-2X/ SYNO@S2a

*  7X, 18HTIME INCREMENT DT=, F?. 42X/ SYNBARZER

*  7X, 32HUSER SUPPLIED FOURIER SPECTRUM : /7%, 22¢1H-),2%3 SYNB@S4Q

DO S80 IJ=1.NTAB SYNBOSSa

WRITE <NUZ2, 578> TUCIJ», AUCITD SYNBR3ea

578 FORMATCC(4X, 2E16. 2> SYNagdaTa
S58@ CONTINUE SYNBBS30

C SYNaB290
C INPUT THE DISPERSION CURVES FOR SURFACE WAVES., THE TOTAL SYNa18683
C NUMBER OF CURVES IS NWAVE. EYNB1914a
[ - SYHB18209
518 READ (NUL, €28)> NWARVE SYNO18z20
628 FORMATCIS) SYN@184a
CALL NPOINTCNUML, DT, IN, ICHOIC) SYNB1956
IFC(DIST. GT. 68. B>NUML=NUML*2 SYNB18eB
NUM2=NUM1%2 SYN@1a70
CONST=2. /C(NUM2-2>%DT SYNO1G2O
NWT=NWRAVE+2 SYNB183a
MGL=NUM2+3 SYNB1100
MG2=MGL+NWT SYMNO1119
MGZ=MG2+NWT SYNO1120
MG4=MG3+NLAVE SYNB1126a
MGS=MG4+NWRVE SYMNB11409
MTG=MBIG-MGS SYNO1156

C SYMB1160
C CORE CHECKING LOCARTION NUMBER 1 SYMB1170
C SYNG11£9
IFCMTG. LE. @>CALL PGSTOP(-MTG, 1> SYN@1126

CALL READW{ACCCMG3), ACCCMG4 >, ACCC(MGSY, NWAVE, NTOT> SYNB1206
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MGE=MGS+NTOT

[yl

SYNB1210

MTG=MBIG+1-MGE SYN@1226
SYNBL2ZG

CORE CHECKING LOCARTION NUMBER 2 SYNBL24G
SYNe1250

IFCMTG. LT. 85CALL PGSTOPC~MTG, 22 SYNBL250
NTOT=NTOT/2 SYNB1270
CALL DTIMECACCCMG3)>, ACCC<MG4), ACCCMGSY, NTOT. MHAVE. ICHOIC, SYN@1286

* IFDUR, DIST? SYMAL1290
IGYZBE={ IGYZBE/Z ) *2+1 SYNG1203
CALL PREPCACCCLY, NUMZ2+2, DT, IGYZEE, NWAYE, NWT, NTOT, IPUNCH, IN, SYNB13210

#  HACCCMGL>, ACCCMG2 Y, ACCCMG2), ACCCMGY >, ACCCMGS ) ) SYNBLZZ2G
STOF SYNOL1ZZ0
END SYNBL340
SYNBLZSO

SUERDUTINE NFOINTCNUML, DT, IN, ICHOIC? SYNBLZER
IFCDT. LE. ®. 82560 TO 18 SYNO1Z70
NUMA=2043 SYNBLZEG
IN=2 SYNGELZ208
RETURN SYMNO1466
18 FACT=9. 8261./DT SYNB14160
NUM1=2848 SYND1420
IFCFACT. GT. 1. 2)NUM1=489¢ SYNB1426
IFCFRCT. GT. 2. €X)NUML=8192 SYNB1440
IN=2 SYND145a
IFCICHOIC. EQ. 2> IN=NUM1.-2848 SYMNB14E60
RETURN SYNBL1470
EMD CEYMB1488
SYNB1496

SUBROUTINE PGSTOPCII, IKD SYNB1566
COMMOM/ZUNIT/ZNUL, NU2, HU3 SYNBLS1G
IFCIK. EQ 2>G0 TO 20 SYNPLS2G
WRITE ¢NUZ,16> I1 SYNDLSZED

18 FORMAT(4SH CHECK LOCATION #1: PROGRAM NEEDS MORE CORE, . SYN@1540
#14H ADD AT LEAST , 1€, 16H + 2%NTOT WORDS, . . SYNO1S5H
#61H WHERE NTOT IS THE MUMBER OF POINTS IN THE DISPERSION CURVE. ) SYNB1S5H
GO TO 48 SYNO1S7D

20 WRITE <NUZ, 283 I1 SYMPLSSD
20 FORMAT(LX, S6H CHECK LOCATION NUMBER 2: FROGRAM MEEDS MORE CORE., SYN@1S99
#1ZH ADD AT LEAST. 16, 7H WORDS. > SYNB1500
48 STOP SYNZ1616
EMD SYNBLEZR
SYNBLEZG

SUBROUTINE READWMODNUM, KPOINT. TV, NWAYE, NNMN> SYNB1E4D
DIMENSION MODNUMCNWAYE ), KPOINTCNWAYED, TV (L) SYNPLESH
COMMON/UNIT/ZNUL, NU2, NUZ SYNB1SED
MMM=0 SYNBL1E7A
WRITE (NUZ, 49> NWAVE SYNBLESD

DO 20 Ik=1, NWAYE SYMBLESR
READ C(MUL, 168> MODNUMCIWY, KPOINTCIWY SYNEL7I6

18 FORMAT(ZIS) SYMEL1T18
K=IRES(MODNUMCIWDY ) SYNRLTEH
IFCMODNUMCIWD. GT. BOWRITE <MNU2, 508> K SYNB17ZH

" IFCMODNUMCIWY. LT. OOWRITE (NU2, 68) K SYN@17460
HL=NNN+1 SYNEL?SE
HZ=NNN+Z#KPDOINTCIWD SYNO1ve
READ ¢NUL, 283 (TWCKD, K=N1, N2> SYNOL1?7E

28 FORMAT(1EFS. 22 SYNDALPEG
WRITE (MUZ, 78> (TWCKD. K=N1, N2) SYNBL79R

NMM=MN2

SYNB1298
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30 CONTINUE

46 FORMATC2X, I0HTHIS DISPERSION MODEL CONTRINS, I3, 7H MODES. />

S8 FORMAT(/3X, 25SHRAYLEIGH WAVE MODE NUMBER, I3/

*

5%, 29HPERIOD(SECY> VELOCITY<KM/SEC)>

50 FORMAT(/3K, 21HLOVE WAVE MODE NUMBER, I3/

*

SX, 29HPERIODC(SECY> VELOCITY(KM/SEC))

78 FORMAT(8X, FS. 2, 18X, FS. 2>

RETURN
END:

SYNO1218
SYNBel1s2a
SYNO1836
SYMNB184a
SYMO1856
SYNB18€o
SYNB1879
SYNB1380
SYNB1898

19

20

=15)
58

SUBROUTINE DTIMECMODNUM, KFOINT. TV, NTOT, NWAVE, ICHOIC, IFDUR, DIST)

EXATERNAL TNM

DIMENSION T(2, NTOT>, MODNUMCNWAYE Y, KPOINT (NWAVE >

COMMON/DURN/IAS<EY, TADD(Z, 62
COMMONAWAYZ/WEC? 2, WCCCED
IFCICHOIC. NE. S. AND. IFDUR. NE. 8>GO TO 29
LD 18 J=1,¢6

IASC.J»=0

RETURN

CONTINUE

DO 38 J=1.¢€

TADDC(1., J>=16800. @

TRDDC2. J>=8. B

NTOTT=1

DO 7B LC=1, NWAVE

EFP=KPOINT(LC)

0O 58 J=1,6
DDW=CWECT+12-HEC(T > ) /20

WC=WECT>

DO 58 JhW=1, 21
TD=THNMCDIST. WC, KP, T¥<4, NTOTT>)>
IFCTD. LT. 8. 85G0 TO 48

IFCTD. LT. TADDCL, J2OTADDCL, J3=TD
IFLTD. GT. TRDDC2, X O>TADDC2, J2»=TD
WC=WC+DOW

CONTINUE

IFCTADG (L, J). GT. 1006. > TADDCL, J>=0. 8
CONTINUE

HTOTT=NTOTT+KP

CONTINUE

DO 128 J=1.,6

IB=J

CALL DURTN<DUR, STD, IB>
IFCDUR. LT. 8. 8>G0 TO 38
IFCTRDDC2, J5. LT. 8. 85 . OR. STD. LT. 0. 81>G0 TO 80
TEL=TRADD {1, J>+DUR-STD
TE2=TADD (1, J>+DUR+STD
IFCTRDDCZ, J>. LT. TEL>GO TO 98
IFCTRDDC2, J>. GT. TE2>GO TO 118
IRSCIB>=8

50 TO 128

IRSCIBN=1

TE2=TACD{1. J>+DUR
TEL=TE2~-TADD2, I

IFCTEL. GT. <28. -2. S*IB>»IASCIBY=2
MINT=IRSCIBY>+1
TEL=TE1-/FLOATCNINT>
TE2=TADD2, T2

NTOTT=IRSC(IB>

LO 188 JW=1, NTOTT

SYNB123006
SYNB1919
SYNe1926
SYNe192a
SYMNB1340
SYNB125E
SYNO1L3ea
SYNBL37a
SYNO1529
SYNB123a
SYNezoao
SYNBZO1D
SYND2BZ0
SYNB2eza
SYNEZa40
5YNB2G58
SYNOZOsH
SYNBZOT
SYNBzZasa
SYNBzR9a
SYNB2189
SYNez118
SYNa2128
SYNB21ze
SYNB2149
SYNB2158
SYNBZ158
SYNB21T.
SYNB215e
SYNBe2138
SYMB2ze9
SYNe2z19
SYNazzza
SYNBZ2268
SYNezz40
SYMazz5e
SYNBZZE
SYNBzzve
SYNBZZE8
SYMNBZ299
SYNOZZH89
SYNB2Z16
SYNB2Z2Z9
SYNBZ3ze
SYNB2Z4a
SYNB23568
SYNBZI60
SYNB2Z70
SYNazze9
SYNOZZ58
SYNez2406
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188 TADDCJIW, JD=TE2+TE1*JW SYMND2410
TADDCNINT, J)=TE1 SYNB24208

GO TO 120 SYNB2420

118 IRSC(IB)=-1 SYNBZ2448
TADDCL, J>=TADD 1. J>+DUR+STD SYNa245a

126 CONTINUE SYNB24E3
RETURN SYNB24 78

END SYNBZz136

C SYNB2490
FUNCTION THMMCDIST, W, KP, TVD SYNB2508
DIMENSION TW(2, KP> SYMNB2518

TT=6. 2832-'W SYNBZz52e

DO 16 J=1,KP SYNB2520
IFCTT. LE. TVC4, J2>G0 TO 20 SYNB2548

18 CONTIMUE SYNB2550
THM=~-1. 6 SYMBZS5Ea
RETURN SYNA2Z5Te

28 FRCT=CTT-TVC(1, J=13)/¢TVCL, JD=TYCL, J-1)> EYNB2SSE
TNM=DISTA/CTV (2, J-L)+FRCTH(TY(Z, J)=-TV(2, J-1))) SYNaz524
RETURN SYNBZE00

END SYNB2s10

(s SYNOZEZG
SUBROUTINE DURTHCDUR, STD, IB) SYNB2EZE
COMMON/EARTHR-DIST, AM, PR, IS, IY, MMI, DEPTH, NUM, ALB, ICHOIC, COMST SYNB2Ee4
COMMON/DURMARG/ADM(E, 23, BDMLE, 23, CDMCE, 20, DDMC(S, 2), SDMCE, 23 SYHBZESH
COMMON/DURIADVICE, 3, 83, DHICE, 3, 82, SYIC6E. 2, 8), SHICE, 2, 8 SYN@25e8
COMMON/DURMGH/RDMHC 6, 2>, BDMHC(E, 27, COMHC(E, 25, DDMHCE, 2. SYNOzZE7Te

#  HGDMHCE, 2>, BGDMHCE, 23, CGDMH( 6, 23, DGDMHC 6, 23, UPMHCE, 23, DNMH(S, 2) SYNB2e30
COMMON/DURIHAADIHCE, 23, BDIHCE, 23, CDIHCE, 20, AGDIHCE, 23, SYNEZESD

# BGDIH(E, 2>, CGDIHCE. 2), DGDIHCE, 2), UPIHCE. 27, DNIHCE, 2) SYNBZ7RE
IVY=Tv+1 SYNB2715

GO TO <18, 20, 118, 128>, ICHOIC SYNB2728

C SYNB27Z0
C DURARTION BRSED ON SITE CLASSFICATIONS. SYNBZ746
C : EYNAZTSH
18 DUR=ADMCIB, IVVI*IS+EDMCIB, IVVI*AM+CDML IR, IV *DIST SYNA27YE0

*  +DDMCIB, IWW) SYNBZ?TR
STD=SDMCIB, IV SYMBZTE0
RETURN SYNBZTID

28 GO TO <68. €8, 29, 38, 0. 20, 20, 20, 30, 20, 60, 58>, MMI SYNBZ265

38 GO TO <48, 585, IvY SYMNOZE18

48 DUR=DHICIE, IS+1, MMI-2> SYNRZ326
STD=SHICIE, IS5+1, MMI-2)> SYNBZEZD
RETURN SYNBZ340

S8 DUR=DVICIE, I5+1, MMI-2> SYNaz25a
STD=SYICIBE, I5+1, MMI-2)> SYMNB2&85a
RETURN SYMB2ETY

60 DUR=-1.0 SYNDZ228
STh=8. 8 SYMB2358
RETURM SYNGZ390

C SYNB2910
C DURATIOM BRASED ON DEPTHS. SYNG2328
c SYMB2538
116 H1i=UPMHCIE, IV¥V> SYNB25948
RZ=DMNMHC IR, IVWVD SYMNBZ9S6
RL=RGDMHCIB, IV SYNBZ22ER
B1=BGDMHLIB, IV SYNG297E
A2=CGDMHCIB. IVY> SYMB2923
B2=DGDMHCIB, IVV) SYMazosa

GO TO 1320 SYNezZane
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1280 X1=UPIHCIB, IVV) SYMA3816
H2=DNIHCIB, IV SYNBZO20
A1=AGDIHCIE. IVV> SYNazZoza
B1=BGDIHIE, IVV) SYNGZ2040
AZ=CGDIHCIE, IWV)> SYNOZOSO
B2=DGDIHCIB, IVY) SYNOZIBSD

138 Fi1=FR-1. =AL+EXP (Bl#4K1 ) -A2HEXP (B2#X1) SYNAzZgva
DO 168 J=1, 28 SYMBZA88
Z=CRL+AR2 0 42, SYNB 926G
F2=FR-1. ~AL*EXP (B14Z)—A2%EXP CB2%2 ) SYMNO3108
IFCFi#F25140, 170, 150 SYNBZ21180

148 K2=2 SYNB3128
G0 TO 1e8 SYNB3130

158 Xi=Z SYNB3140
Fi=F2 SYMNBZ150

158 CONTIMNUE SYMBz150

178 EFPS=Z SYNBZ1Te
PP=1. +AL4EXF {BA+EFS) +A2+EXF (B2*+EPS) SYNOZ150
IFCICHOIC. EQ. 4>G0 TO 19 SYMNB3198
DUR=ADMHCIE, IVVI+BDMHCIE, IV +AM+CDOMHCIB, IVYI*DIST SYNBZ 28

*  +DDMHCIEB, IWV)*DEPTH+EPS SYNAZZ109
STD=1. 9 SYNGZ2Z2e
RETURN SYNBZ23Z8

1388 DUR=ADIHCIE, IVVOY+EDIHCIE, IWYI*MMI+CDINCIB, IVVYI*DEPTH+ERS SYNB3240
5TD=1. @ SYNIZ250
RETURN SYNOZ2ea
END SYNAZ27e

SYMO3Z20

SUBROUTINE PREPCACC, NUMZ, DT, IGYZBE. NWAYVE, NWT, NTOT, SYNaz299
#  IPUNCH, IN, TD, RANM, MODNUM, KPOINT. TV) SYNA33a0
COMMONAWAYLA/NPECEY, NBCT3), IBEC9), IECCI) SYNB32Z1a
COMMONAUNITA/NUL, NUZ, NUZ SYNazz2e
DIMENSTION MODMUMCNWAVED, KFOINTCNWAVE Y, TYC(2, NTOT) SYNBZZ3e
DIMENSION ACCCNUM2), TDONWT ), FANMCNIT > SYNEZ249
COMMONA-EARTHRADIST, AM, PR, IS, I%, MMI, DEPTH, NUM, ALB, ICHOIC, CONST SYMNAZ3ISE
COMMONARICHT/%BCT13, YB(7L) SYMBZ3ER
NUM=MNUM2~-2 SYNAzZzZ7Ta
D=2, *3. 141592654/ CNUMHDT ) SYNE3z28
SYNAZZI6

CALCULATING THE RICHTER ATTENURTION FACTOR. SYNEZ400
SYNB3241Q

DO 19 I=1,79 SYNB3420
IFCDIST. LT. ¥8<I+1> . AND. DIST. GE. ¥B<1I3>G0 TO 28 SYNAZ4Z0
18 CONTIMNUE : SYNEZ44a
20 ALB=YOCIr+(YACI+10~-vYAC I D /(KB I+L) =XBCID ) )k DIST-HKBC I3 SYNBZ459
ALB=-ALO SYNIR4ER
IFCDIST. LT. X851 2 >ALB=-vY3<1) SYNE247E
SYN@zZ420

SETTING UP THE ME“S. SYMB243a
SYNBZ509

1D=0 SYNB3Z519
DO 28 I1=1,%9 SYNBZS2ZE
IC=10+1 SYNAZSZA
ID=ID+IBCCI1) SYMNOZS4a
DO Z8 I1Z=1C, ID SYNBZS5H
NECIZ2)=IEBEBCI1>*IN SYNBZSER
280 CONTINUE SYNRZ37a
SYNBZS28

"SETTING UP THE FOURIER TRAMSFORM. SYNBZ596

EYNOZE08
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NI1=CIMN*E+1)>
NI2=NI1#2
DO 4@ Ii=1, NUM2

48 ACCC(I1>=8. B

58

=)

=12 ]

28

108

116

129

1D=0

L0 608 1IB=1.6

IBD=1B

IC=ID+1

ID=ID+NFB{IB>

NR=@

DO Se I11=IC, ID

NA=NA+NB( I1)

N=NFEC{IB>

CALL FSPCACC, N, D, NBCICY, IBD, NWT, N11, IGYZEE, NWAYE. NTOT,
#*  MODNUM, KPOINT, TV, TD, ARNM>

NI1=NI1+NR

CONTINUE

MUM3=NUM~2

CALL RFFTICACC, NUM)

AMAX=8,

DO 73 IBM=1, NUM3

IFCABSCRCCCIEBMY ». LT. AMAX>GO TO 78

AMAX=AEBS{ACCC(IBM) >

IIEM=IEM

CONTINUE

TPEAK=I1 IBM*DT

WRITE (NU2.88> AMAX

FORMAT (5K, 20HMAXIMUM AMPLITUDE IS, F18. 4, 2H G/

WRITE <NUZ, 99> TPERK

FORMAT(5H, 22HTHE TIME OF THE MAXIMUM IS AT, Fia. 3,
# BH SECOMNDSS >

WRITE (NU2. 188>

SYNBZE16e
SYNB3eza
SYNRZE38
SYNBZE4a
SYNBZE5a
SYNB3E6R
SYMNBZETH
SYNBES2R
SYNAZEI0
SYHBZ7an
SYNBZT1a
SYNezZT2e
SYMNBZVER
SYMBZET40
SYNBZTSe
SYNBIPED
SYMNOZETVO
SYNBZITER
SYNBZ7?oa
SYNBZ208
SYNBZE18
SYNBZ820
SYMNBZZZ0
SYNEZ348
SYMNBZ356e
SYNBZSER
SYNezZE7Ta
SYNBZEEo
SYNBZE36
SYNB3S6a
SYMNBZ516G
SYNBz9za

FORMAT 4, S1H THE SYNTHETIC RCCELEROGRAM IN SE18. T FORMAT, THE UMISYNOZ2I&

#T IS G7S/¢)

WRITE <NU2.118> (ACCYI), I=1, NUMZ>
FORMAT (7Y, SBE10. 3)

IFCIPUNCH. NE. BOWRITE (NU3, 128> C(RCCCIY, I=1. NUMZ)
FORMAT (SE18. 2>

RETURN

END

SYMRZ348
SYMRZ3509
SYMNBZSE0
SYMEZITa
SYNBZISH
SYMBZI2
SYHBY8BR

SUBROUTINE FSPC(FS, N, DM, NB, IBE. NWT, NI4, IGYZBE, NWAYE, NTOT,
*  MODNUM, KPOINT, TV, TD, ARNMD>

COMMONZERARTHGRADIST, AM. PR, IS, I, MMI, DEPTH. NUM, AL@, ICHDIC. CONST

CDIMENSION NBOMY, TDCMWT >, ARNMCNWT

DIMENSION MODNUMCNWAYE DY, KPOINTCNWAVE Y, TV(Z, NTOT>

COMPLEX FS<1)

EXTERNAL FSA, ANM. TNM

COMMONA/WARYZA/WEC? ), WCCCED

COMMON/DURNAIASCEY, TRDDCR, €2

IRSS=IASCIBB»+2

FI12=3. 1415926542,

LAZ=NI1-1

DO 1688 Ni=1, N

LAl=LA2+1

LA2=LA1+MNE{N1>—~1

WCEN=C(LAZ+LR1+1)>/2. —-6. S—1. 8>+DW

IFCIASS. NE. 1>G0 TO 20

IEEB=1BB+1

IFCWCEN. LT. WCCCIBBY » IBBB=1BE-1

ESYNEGELE

SYNE12aze
SYNB4GZ0
SYMHB4R49
SYNB4BSa
SYNB4BER
SYMNBE487Ta
SYMNO1BEs
SYMD4ESE
SYMB4100
SYNB4116
SYMB4128D
SYNE4136
SYMNB414R
SYNB115a
SYMNA41€D
SYNB417e
SYHNB4180
SYNB419@
SYNB42Z00



19
20

38

S

58

78

t=1%)

84

IFCIBBB. LT. 4 . OR. IBBB. GT. £€)1EBBB=1EB
IF{IRSCIBEB). GE. 8> IEBB=1BB
IFCIBBB. EQ. IBB>GO TO 18
TCUT=CWCEN-WCCCIBBBY » A/ CWCCCIBBY~WCC C IBEBB) »

TCUT=TADD(1, IBBB)+TCUT+(TADD (1, IBEY~-TADDC1, IBBE)> >

GO TO 20

TCUT=TADD(1, IBB>

NTOTT=1

DO 48 LC=1, NWAVE

KP=KPOINTCLC>
TDCLCO=TNM(DIST, WCEN. KP, TW(1. NTOTT>>
NTOTT=NTOTT+KP

LO=IABS(MODNUMILC)Y)>
AARNMCLC)>=ANMCWCEN, LD, 1GYZBE>

GO TO (30. 40, 49, 49>, IASS

IFCTDCLC). GT. TCUT>AANMCLC > =AANMCLCY %0, 1
CONTINUE

NWTT=NLRVE

IFCIRSCIBBY. LT. 1)G0 TO €8
NTOTT=IAS{IBE>

DO S8 LC=1, NTOTT

L¥=1GYZBE

CALL URAND(LX, IGYZBE, YFL>

TDCLC+NWAYE)=TADD(LC, IBB>+<(YFL-0. S>*TADDCNTOTT+1, IBB>

LX=IGYZBE

CALL URAND<LX, IGYZBE, ¥YFL>
AANMCLC+NWAVE > =0, 20+YF|.
COMTINUE
NWTT=NWAVE+NTOTT
Lx=IGYZEBE

CALL URANDCLX. IGYZBE. YFL)>
FHIR=(YFL-3. 5)*PI12

Fi=8.

DO 88 LB=LR1.LA2
WH=CLB-1>+DW

WHS=WW-HCEN

DO 78 LC=1, NWTT
IF{TDCLC). LT. 8. @>GO TO 70
CL==WUS*(TD(LC) >+PHIR
FSCLBI=FS{LBY+AANMCLCY*(COSCCLI+<B. , 1. D*SINCCLY D
CONTINUE
TEMM=CABS(FS{LB>>
IFCTEMM. EQ. 8. @>G0 TO 80
F1=Fi+ALOG1B8{TEMM>
CONTINUE
FA1=F1/FLOATCLAZ-LAL+1>
F1=18. #*F1

FSEE=FSRACWCEN, ICHOIC)>
ALPHA=FSEE*CONST/F1
IF<FL1. LT. 6. 680001 >ALPHA=0
DO 58 LB=LA1, LAZ2
FS<{LB>=FSC(LB>»*ALPHA
CONTINUE

RETURN

END

SYN@4218
SYN@4220
SYNO4230
SYNO424D
SYNB4250
SYNB425@
SYNB4270
SYND4260
SYNB4290
SYNB4350
SYNB4318
SYNB4320
SYNO4330
SYNB4346
SYNO4350
SYNB43650
SYNP4270
SYNB4380
SYND4390
SYNB440@
SYNB4416
S5YND4429
SYNB4420
SYNB4445
SYNO4450
SYNB44€6a
SYN@447D
SYNO4430
SYNB4498
SYNB4509
SYNB4516
SYNB4520
SYN@453a
SYNO4S40
SYNB4555
SYNB4SE0
SYND4S7E
SYNB452a
SYNB4590
SYND4EOD
SYN451a
SYNB4ER

SYN@462D
SYNB4540
SYNB4556
SYNB4560
SYNBI67E
SYNB4638
SYNB469a
SYNB4700
SYND471@
SYND4TZE
SYNR473E
SYN@4740
SYNB4750

FUNCTION FSACW, ICHOIC)
COMMONA/FSMAG/TMC11 >, AMC11, 9>
COMMON/FSI/TICA1>, AICAL, 7
COMMON/F SMGH/TMHC A1), AMHCLL, SO

SYNO4758
SYNB477D
SYMN@478o
SYNB4730
SYNa4380
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COMMONA/FSTHA/TIHCA4 ), ATHC11, 7)

EYNB4316

COMMON/FSUSER/NTAB, TU<106)Y, RUC10B) SYNB4s2a
DIMENSION AF(9) SYNB45z20e
IFCICHOIC. EQ. 55G0 TO 510 SYNB4240
TT=ALDG1B<6. 2832/W) SYNB4850

GO TO <118, 218, 210, 418>, ICHOIC SYNB486D

C SYNO4ETD
Cc USING MAGNITUDE AND SITE STATISTICS FOR FOURIER SPECTRUM. SYNB43ED
C SYNa41899
118 IFCTT.LT. TMC135G0 TO 130 SYNB19B6
DO 126 J=2, 11 SYNB4316
IFCTT. LE. TMCI)GO TO 140 SYNe492

128 CONTINUE SYNB49Ze
138 FSA=0. 8 SYNB4340
RETURN SYNB4350

148 FRCT=(TT=-TMCJI-13 )2 CTMCID=TMCI -1 SYMNe426B
DO 150 JKL=1.9 : EYNB4STE
HF(JKL)=HM(J-1;JKL)+FRCT*(RM(J,JKL)-RM(J—i:JKL)) SYMO432R

158 CONTINUE SYNB4926
GO TO 460 SYNBSBHEE

C SYNBSB1G
C USING M. M. I. AND SITE STRTISTICS FOR FOURIER SPECTRUM. SYNOSB2E
C SYNB5SBZD
218 IFCTT. LT. TIC4>2GO TO 236 SYNeSa4e
DO 220 J=2,11 SYNesSasa
IFCTT. LE. TICJI>>GO TO 240 SYNasasn

228 CONTINUE SYNBSHTE
230 FSR=8. 8 SYNBSOSe
RETURN SYNBS5899

248 FACT=C(TT-TICJI-4>>/CTICID-TICI-1)) SYMNES166
DO 258 JKL=1,7 SY'MNB5110

258 HF(JKL)=HI(J~1;JKL)+FHCT*(HI(J;JKL)—RI(J-i;JKL)) SYNas51ze
GO TO 460 SYNBS1Zo

C SYNBS5148
c USING MAGNITUDE AND DEPTH STATISTICS FOR FOURIER SPECTRUM. SYHBRS150
C SYNBS1s
218 IFCTT. LT. TMHCAD DGO TO 330 SYNBS1TH
DO 328 J=2, 411 SYNBS51S6
IFCTT. LE. TMHCI) DGO TO 240 SYNBS19a

228 CONTINUE SYNBS299
230 FSA=0.0 . SYNBSz19
RETURN SYNBRS226

390 FACT=CTT-TMH(J=1) >/ CTMHCI ) =TMHCI-1) ) SYNBS2Z89
DO 358 JKL=1, 2 SYNBSz4a

=508 HF(JKL)=HMH(J—1;JKL)#FRCT*(RNH(J,JKL)—HMH(J-i»JKL)) SYMBSZ5H
GO TO 460 SYNBSZEa

C SYNBS270
C USING M. M. I. AND DEFTH STATISTICS FOR FOURIER SPECTRUM SYNBSzee
C SYNES220
418 IFCTT. LT, TIHCA) DGO TO 430 SYNOS3Z86
DO 420 J=2,11 SYMNRS219
IFCTT. LE. TIHCID OGO TO 440 SYNBSzz0

420 CONTINUE SYNBS2zZa
430 FSA=0. @ SYNB5340
RETURN SYNOS5258

448 FACT=CTT-TIHCI-4)> 3/ CTIHCI ) —TIHC I -1 SYNOS266
DO 458 JKL=1,7 SYMNES2TO

450 AF CJKL>=ATHCJ~1, JKLY+FACT#*CATHCT, JELY—AIHCT-1, JKL> > SYNBSZ230
458 CALL SAFIT(AF, PSY) SYNBSzZoa

F5A=FPSY/284. @

SYNBSIa0
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RETURN

SYN@S410

u

SER SUPPLIED FOURIER SPECTRUM.

SYNBS420
SYNBS420

Si9

S20
538

S48

TT=€. 2832/W

IFCTT. LT, TUCA> »GO TO H538

DO 328 J=2. NTRAB
IFCTT. LE. TUCJI> XG0 TO S40
CONTINUE

FSA=0. @

RETURN
FRCT=(TT-TUCI-1) >/ CTULI ) -TUCT=1))>
FSA=AUCJ~1 3 +FACT*CAUCT D -AUCT -1
RETURN

END

SYNBS448
SYNOS450
SYNBS460
SYNBS476
SYNBS480
SYN@aS496
SYNBSS5e0
SYNBS5510
SYNBS520
SYNBS5209
SYNOSS540
SYNBS558

SUBROUTINE SAFITCAF. PSV)
EXTERNAL PLIN

COMMON/ZEARTHA-DIST, AM, PR, IS, I%, MMI, DEPTH. NUM, AL®, ICHOIC. CONST

DIMENSION AF(S)
FRCT=PR
GO TO <18, 20, 10, 28>, ICHOIC

[N e R

FOURIER AMPLITUDE BRSED ON MAGNITUDES.

12

PLINR=PLINCPRACT, AF (2>, AF(9)>
AM1=AM
AMMIMN=-AF (2> /(2*AF (6D )
IF(AML. LE. AMMIN> AM1=AMMIN

ALFPSY=AM+ALB--AF CLO*PLINR — AFC2>#AML ~ AF(3> —-AF(S)*1Y

*  —AF(E*AML+AML —-AF(7>*DIST
IFCICHOIC. EQ. 1)ALPSY=ALPSVY-AF(4)*IS
IFCICHOIC. EQ. 2)ALPSY=ALPSY-AF (4 )*DEPTH
AMAK=(1. -AF{2>>/¢2. *AF (6D
IFCAM. GT. AMAX>ALPSY=ALPSY+AF (52 * (AM-AMAX > *#2
PSYW=18. B+xALFSY
RETURN

(e XNy

FOURIER AMPLITUDE BRASED ON MMI’S

28 FPLINR=PLIMNCPACT, AF(62. AF(?D)

ALPSY=AF (12 +PLINR+AF (22 +MMI+AF (2D +AF (S)*IY
IF(ICHOIC. EQ. 2)ALPSY=ALFSY+AF (4)*]S
IFCICHOIC, EQ. 4)ALPSY=ALFSY+AF (42 +DEPTH
FSVY=18. 80++ALLFSY

RETURN

END

SYNBSS569
SYNG3STe
SYNBS5e0
SYMNBS5526
SYNBSS00
SYNBSE18
SYNBSE28
SYNBSEZH
SYNB5648
SYN@ASESH
SYNBSEE0
SYNBSeva
SYNBSE3SO
SYNBS&3D
SYMNOS5TE0
SYNaS5T18
SYNBST20
SYNBSTZE

S5YNaAS7T48
SYN@S7se
SYMasSTED
SYMNOS7?B
SYNBSTE0
SYN@SY99
SYNRS360
SYNeS318
SYNBS5820
SYNBS8Z0
SYNeS240
SYNe5859
SYNASSER
SYNBS878

FUNCTION PLINCPACT, SIG. RVE>
COMMON/WAY2/Ca, C1, C2, 041, D2, D2
IFCPACT. GT. ©. 5>G0 TO 10

=SQRT(-2. #*ALLOGC(PRCT>>
KP=T=-(CB+TH(CL+C2%T2 > /(L. +T+(DL+T*(D2+DI*THD)
PLIN==XP*SIG+AVE

RETURN

10 T=SERT(-2. *ALOG(1. -FACT >

KP=T=(CO+T*(CL+C24T 1)/ (1. +TH(DL+T*{D2+D3*TI>>
PLIN=XP*SIG+AVE

RETURN

EMND

SYNBS229
SYNaS3S96
SYNO52580
SYNBS310
SYNBS929
ZYNB59ze
SYNBSS4a@
SYNBS250
SYN@5950
SYNBSI7B
SYNB359Een
SYNBSS28
SYNOGEBY
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18
28

FUNCTION ANMCWW, M. IGYZBE)

COMMON/MPF /BBC?), BRC7, WPC?), WE(7), COCTY, MBCT)
CR=0, 2

M1=M

IFCM. GT. 7>M4=7
P=CUW=WP (ML D2,/ €2, #WBCMA ) #ek2

IFCP. GT. 10. >30 TO 10

P=EXF(-P)

GO TO 28

P=0.

CONTINUE

LX=IGYZBE

CALL URANDCLX, IGYZBE, ¥RN)>
G1=BOCML Y +P+BRCML Y #XRN

LX=1GYZBE

CALL URANDCLX, IGYZBE, XRM>

G2=EXP (= (ML-MBCMLD d#k2/C2. *¥COBCMAI##2D) + CRAXRM
ANM=FES (G1%G2>

RETURN

END

+SYNBGa1a

SYMNBsBZD
SYNBeazo
SYNBcade
SYNacasa
SYNesecn
SYNRSB 7?8
SYNBEORO
SYNeEaso
SYNBE1BO
SYNes119
SYNDOELZD
SYNBELZD
SYNBS146
SYNBS158
SYNBELED
SYMNBELYD
SYNBEL1Se
SYNBc190
SYMNBEZBO
SYNBE216

SUERQUTINE URANDCIX, IV, YFLD
ITAK=1XK*#19

IY=MODCIXK, 18245
YFL=IY/182Z

RETURN

END

=S NBE228

SYNBCIZED
SYNBE246
SYNes259
SYNBSZED
SYNecz?a
SYNBE2E8

SUBROUTINE RFFTICX, N>
RERAL X<{1>

NN=N~'2

S=X0LD

HlLa= Dk (HCLI+HKCNFLY )
nE2r=, DR(S-K(N+1>>
HONN+20=-X(NN+2>
I1S=-1

MM=NN/2

FN=N

EX=€. 2831852/FN

J=NN

WR=1.

WI=8.

WWR=COSCEXD
WWI=-SINCEX)

LD 18 I=2, NM
WRR=WRHWWR~W I +WMW I
WI=LRHAWWI+WI+WWR
WR=WRR

K1J=24J-1

Kil=g#]-1

K2J=2%J

Ka2I=2%]

Al= Sk (XC(KLID+XCKLT) >
A2=. SH(XCK2I D =-XKK2T>>
Bl=, Sk(-XC(KLID>+XC(KL1I> >
B2=. S#(-X(K2I)-K(K2JI>>
S=B1

B1=E1+WR+B2+W1
B2=B2#WR-S+WI

SYMNBEZSD
SYNESZeD
SY'Naez218
SYNBSZZ2@:
SYNBEZZER
SYNBS346
SYNBS25a
SYNBSZEER
SYNOSZTE
SYNBEZE8
SYNBEZZ0
SYNOS4Da
SYNBE41LO
SYNBE4260
SYNBE4320
SYNBES4E
SYMNBE45D
SYNBSHED
SYNBESTEH
SYNBE4£0
SYNB&458
SYNBESH
SYNBETS1a
SYNBESE

SHYNBESZE
SYMNBESHaA
SYNBESSE
SYNBLSES
SYMNBESTE
SYNos58a
SYMBESSD
SYMNBEEOE
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18

88

XC(K11»=R1-B2
HMIR2I>»=—A2-B1
XOKLT)=A1+B2
ACK2I)=A2-B1

J=J-1

CALL FOURLCX, NM. IS>
RETURN

END

SYNBSE1E
SYNDEE20
SYNDEEZ0
SYNBSE4D
SYNBGESH
SYNOESER
SYNBEETO
SYNBSES0

18

28

2
-

48

se

)

166

SUBROUTINE FOURL{DAT, N, ISIG)
DIMENSION DATCL)

1Pa=2

IP3=IF@*N

I2REV=1

Lo S8 I3=1, IP3, IP@
IF¢IZ-I3REY>16. 20, 20
TEMPR=DAT(I3)
TEMPI=DATC(IZ+1)
DATCI2>=DATCI3REV)
DATCIZ+1)=DATC I3REV+1L)
DATCIZREY>=TEMPR
DATCIIREV+1>=TEMPI
IP1=1P2/2
IFCIZREY-IF1)>50, 58, 48
IZREV=I3REY-1P1

IF1=1F1/2
IFCIPL-IP@)SA, 30, 30
I3REY=IZREV+IPL

IP1=1P@
IFCIPL-IFZ) 70, 160, 100
IP2=1P1%2

THETR=6. 262185307 /FLOATC ISIG*IP2/1IP@>
SINTH=SINCTHETAA2. )
WSTPR=-2. #SINTH*SINTH
WSTPI=SINCTHETRY

WR=1.

WI=0.

0O 96 I1=1, IP1. IP

DD S8 I3=I1, IP2, IP2

12A=13

12B=12R+IP1
TEMPR=WR*DAT C I2B>~WI*DAT ¢ I2B+1)
TEMPI=WRADATC I2B+1 ) +MI*DATC12B
DAT128>=DATCI2A-TEMPR
DAT{ IZB+13=DAT I2A+1)—-TEMPI
DATCI2AY=DATCI2AY+TEMPR
DATCI2A+1) =DAT ( I2A+15+TEMPI
TEMPR=WR
WR=VR*WSTPR-W I *WSTP I +hR
WI=WI+WSTPR+TEMPRH*ASTF I+WI
IPL=1F2

GO TO 60

RETURN

END

BLOCK DATA
COMMON/RICHTZHBC 710, WB(?1)

COMMOMA/FSMAGA/TM(14 >, AMC14), BMC1415. CMC115, DMCL1)>, EMCL1 D,

#  FMO11), GMC11), SFSMC145, AFSM(11)

COMMON/FSI/TIC11), A1C115,. BIC(142>, CIV11), DIC41), EIC11),

SYNBEESE
SYNBE700
SYNOET10
SYNBE?ZR
SYNOE73a
SYNBET4R
SYNO67S0
SYNDETED
SYNBE?7
SYNDE7E0
SYNBETIE
SYNBESOB
SYNBES1E
SYNOES2@
SYNBEE3Z9
SYNBES4
SYNDSSSH
SYNBESER
SYNBES7E
SYNBESEE
SYNBSEIR
SYNBESDE
SYNBEILE
SYNBESZD
SYNBEIZR
SYHBES4E
SYNBEISE
SYNBESER
SYNDESTE
SYNDESSE
SYNBEZD
SYNBTERE
SYNBTRLE
SYNBTRZE
SYNBTHI
SYNBTE4E
SYNBTRSEH
SYNBTBER
SYNB7E7E
SYNBTBZA
SYNB7as9
SYNBTL08
SYNOT110
SYNDBT120
SYNE7130
SYNBTL4E

<k SYNETLDE

SYMarica
SYNE?LTS
SYNOTLZO
SYNBTLIE
SYNB?2ZR8
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00

*

*

SF5I<11>, AFSIC11)

COMMONAFSMGH/TMHCL1 >, AMHCL4 >, BMHC11 Y, CMHS44 )Y, DMHCAL Y, EMHC11 3,
FMHC11), GMHC11), SFEMHCAL ), AFSMHC1L)
COMMONAFSTHATIHCLL ), ATHCAL Y. BIHCAL), CIHCAL), DIHCA1 ), ETHC11 s

*  SFSIH(14). AFSIHC11)

*

*®

COMMON/DURMAG-ADMCE, 25, BDMCE, 22, COMCE, 23, DDMCE, 2), SDMCE, 23
COMMON/DURI/DVICE, 3, 82, DHICE, 3, 82, 5Y1¢E, 2. 82, SHICE, 3, 82
COMMON/DURMGH/RADMHCE, 23, BEDMHCE, 23, COMHCE, 23, DDMHCS, 2.

AGDMHCE, 25, BGDMHCE, 23, CGDMHCE, 2>, DGDMHCE, 2, UPMHCE, 23, DMMHLE, 23
COMMON/DURIHAADIHCE, 20, BDIHCE. 22, COIHCSE, 23, AGDIHCE, 23,

BGDIHCE, 23, CODIHCE, 27, DGDIHCE, 20, UPIHCE, 23, DNIHCE, 23

89

COMMON/MPF /BAC7 ). BRCPY, WPCPY, WBC?), COCTY, MBCT)
COMMON/WAYL/NPBCEY, NECTR)Y, IBBCS). IBCCD)
COMMON/WAYZ/HE L7, UCCC(E)
COMMON/WAY3-COP, C1P, C2P. DAP, D2P, 2P

SYMBTZ18
SYNBT 228
SYNBT2ZEE
EYMET248
SYMB7TZSEa
SYNBT2e8
SYNBT27Ta
SYNBT 289
SYNarzoe
SYNBTEHE
SYNBT 18
SYNB7zze
EYNB73Z8
SYNBT 38
SYNBTESH

RICHTER“S ATTENUATIOM COEFFICIENTS.

SYNATIEE
SYNBTE

1

HHEXAAKXKXAKLHLXHK

“<

CLCLCCLCC

-

DATH X8-/8. 801, 5. 0, 16, 8, 15. 8, 26. 6. 25. 9, 39. B,
35. @, 48. @, 45. @, 50. @, 55. 9, €0. 0, 65. 8,

7. 8,80. B. 85. 6, 99. 0, 95, 0, 100. V, 118. 9,
120. 8, 136. B, 146. 8, 159. 6, 1
150. 9, 200. 8, 210. 8. 220. 9, 2
260. 8, 270, B8, 286. 8, 290. 9, 2
330. 0, 240. 6, 350. B, 360. 9, 3
498. 9, 416. B, 420. 9, 420. 0, 4
473, 8. 480. 8, 499. B, S6Y. 8. 5
540. 8, 550. 8, 568. 8. 57D. 8, 5

DATA YB-1. 4600, 1. 596, 1. €85

L SIS
'.A
a
¥
P N

. 877, 2. 926, =, 975, 4.
. 289, 4, 253, 4. 295. 4
. 4835, 4. 518, 4.
. 685, 4. 709, 4.
. 835, 4. 853, 4.

549, 4.
732, 4.
8€3, 4.

£0. 9, 178.
20. 8, 240.
80. 8. 218,
70. 9, 380.
48, @, 458.
18. 8, 526.
20. 6, 5598.

1. 716, 1.
2. 214, 2. 424, 2. 517, 2.
. 928, 2. 358, 2. 989, 3.
. 182, 3. 230, 3. 279, 3.
. 530, 3. 581, 3. 631, 3

8. 180
8, 258.
3, 328.
8, 290,
8. 450.
8, 526.

B8, €89

833, 1.
€83, 2 679,2. 7
820, 3. 944, 2. 9
228,23 378,3. 4

. 688, 2. 723,27

B24. 4. 872, 4. 1

. 226, 4. 376, 4. 4

579, 4. 687, 4. &
755, 4. 776, 4. 7
883, 4. 986, 4. 9

8.
8.
8,
a.
a.
a.ﬁ
. 8.

955, 2. 878,
46,
29,
29,
7S
19,
14!
xC
37,
B8,

SYNBTZE
SYNBTES
SYNET 455
SYND?418
SYNATH2D
SYNBT4IR
SYNBT 446
SYHET 45
SYNB74EH
SYNBT4TE
SYNOTHEE
SYHET4SE
SYNBTSER
SYNBTS16
SYNBTSZE
SYNOTSIA
SYNBTS4E
SYNBTSSD
SYNBTSER
SYNOTSTE

Ll O

i
-
z
(1]
YRR
()]
w
Dot \x]

COEFFICIENTS FOR

FOURIER SPECTRUM.

BASED

ON MRAGNITUDES AND SITES.

@
o

SYHOTEDE

o mm Qo O m D A

DATA TM~-1. 298,

DRTA GM-/-@. BBB441, -8, BBOLES, —0. POLBS2, -0, BBPI4D, -0, PEOTOS,
-, B3DE18. ~0. BEATSZ, -0, BP1P33, -0. BP1252, -0, PBLISZ, -8, 381

8. B88,

8. 336,
DATR AMA-1. €88, —1.
-1. 549, -1.
DRTA BMA-1. 686, -1,
-1. 433, -2.
DATA CMs 7. 615, 7.
v. 328, 11.
DATHR DMA-B. 818, -8,
8139, 8.
DATR EM/-8. B38. -8.
8. Ze9. a.
DATA FM/D. 122, B, 1527, 0. 1542, 0. 1364, 0.

B. S
620, -1,
Sve, -1.
g8, -1.
592, -4,
892, 7.
238, 15,
@88, -a.
197, @.
B2&. @.
258, A,

1.8

517, —-1. 445, -1,
681} "'ﬂL. 638.- —1.
413, =1. 216, -1.
P42, -4, €99, -4,
344, 6 2439, S
281, 18. 875, 15,
BES, A B11., 6.

200, B 204, 8.
024, Q. 222, @

281, @ 232, 0.

. 384,

—-1. 150, -8. 982, -6. 655, 0. 407, -0, 159,
34, @. 831,

gl

468, -1, 514,
B33/

B85z, -1, 122,
872/

Sev¥. 5. 913,
745/

182, 8. 163,
282/

8. 313,
297

1205, 8. 1227,

8. 1469, B. 2256, 8. 2308, 8. 3775, 0. 2906,/

DATA SFSM/B. 281, B, 388, 8. 299, 0. 289, B. 281, 6. 280,

ITSSSYNETT

SYNBTEZE
SYNETELD
SYNBTESE
SYMETESR
SYMBTETE
SYNETERE
SYNBTERA

SYNBTTEZD
SYMNETTES
SYNATTAE
SYNBTT58
SYNBTTEH
SYMBTTTH
SYNBT T

]
5]
SYNBETE80



S
DATA
M

90

B. 287, 8. 201, B. 212, 8. 202, 8. 289
AFSM-8. 432, 8. 582, 8. 590, 8. 482, A, 473, 9. 479,
@. 488, 8. 514. 8. 522, 8. 522, B. 492

SYNBTE1e
sSYNaveze
SYNB7E39

00

COEFFICIENTS FOR FOURIER SPECTRUM. BRSED OM MMI AMD SITES.

SYNB7?340
SYNB?850

DATA

DATA

CATA

DATA

DPATA

DATA

m o O O I -

DATA

un

DATA
M

TI/=-1. 293, -1, 1441, -3. 883, -0, 626, -0, 268, -0. 111,
B. 146, 9. 484, 8. 861, 8. 919, 1. 176,
AISL 787, 1. €88, 1. 559, 1. 387, 1. 294, 1. 216,
1. 412, 1. 516, 1. S27, 1. 485, 1. 473/
BI/B. 241, 8. 212.0. 285, 0. 272. 8. 272, 8. 286,
8. 212, 0. 320, 8. 2809, 0. 216, 6. 174/
CI- -4. 295, -2 467, -2. 522, -1. 286, ~1. 5265, -1. 667,
-1. 937, 2. @97, -1. 947, -1, 792, -1. 933~
DI-<@. 159.8. 222. 0. 178, 8. 992, 8. 823, -2, O16,
-0. B39, ~0. 879, -0. 182, -9, AEZ, -6, O32~
EI-3. 811, 5. 625, -9. 184, -0. 284, -9, 235, -9. 338,
-0, 277, -8. 207, -9. 224, -8, 214, -8. 314,
SF5I/8. 221, . 226, B, 226, 8. 215, 0. 208, 6. I87.
8. 214, 8. 223, 6. 242, 8. 23, 9. 213
AFSI-8, 476, 0. 496, 6. 586, 8. 584, 8. 49¢, 3, 497,
A 588, 8. 519, 6. 522, 4. 5320. 8. 541/

(e Ny R y]

COEFFICIENTS FOR FOURIER SPECTRUM. BASED ON MAGNITUDES AND DEPTHS

[N eyl

DATH

DATH
DATA

m

DATA

DRATA

DATR

CATA

m om0

DRTA

o

DATA

(]

DRTH
M

THMH/-1. 398, -1. 144, -8. 883, -0. £62¢&. -0, 268, -8. 111,
8. 14€. 8. 494, B BE1, 8. 912, 1. 175/
AMHAL1+-1. 8/
BMH-'~1. 196, -1, 360, -1. 350, -0, 363, ~0. 465, —Q. 422,
~B. 262, 1. B20, -1. 620, -9, 192, @, 199/
CMH-7. 838, 7. 850, &. 250, 4. 4108, 3. 1206, 2. 150,
4. 278, 5. 626, 5. 610, 2. 280, 1. 738/
DMHA/9. 80446, B. AB22Z, . B9S2, -9. BASEY. —0. BIOSH. -0, A4936,
-8. 86210, —Q. B7376, -B. ASTSA, -0, B7RZR, -0, B2E20,”
EMH/-8. 847, -8. 814, 8. 115, 3. 273, 8. 327. 8. 22:,
8. 289, 8. 221, B. 258, 8. 195, -8, 938,
FMH/8. 127, 8. 150. 8. 143, 6. 111, 8. @757, B. @725,
0. 8849, B. 111, B, 117, B. 8593, 8. AZ28/

GMH/-8. 08841, -Q. AB3514, -0, 8115, —0. O244. -6, AAZT4, —Q. PDII47,

—-@. BA453, -0. AB42E8, -0. PASTS, -8, PAC2, 8. IRSLYS
SFSMHA9. 4592, 8. 473, B. 4325, 4. 298, B. 79, 0. 389,
8. 486, 8. 458, B. 421, . 463, B. 501
AFSMHAS8. 883, 8. G145, 8. 918, 8. 96, 0. BE1, -6. By,
0. 824, 0. 72, B. B8R, B. AZ7, -8. POL/

D]

OEFFICIENTS FOR FOURIER SPECTRUM, BRASED ON MMI AND DEPTHS

DATA

CATA
DATA

m

DATA

CATH

DRATA
DATR

n m o O

TIHA-1. 398, 1. 144, -0, 882, -8. €26, —8. I68, -0, 111.
8. 146, 8. 464. 0. 661, 8, 919, 1. 176/
AIH 1141, 8/
BIH/B. 248, 0. Z12. 0. 278, 8. 269, B. 266, 8. 276,
B. 288, 8. 222, 8. 277, 0. 203, 6. 175/
CIHS-3. 288, -2, 461, -1, 498, —1. 980, -0. 951, —-1. B2,
-1. 268, ~1. 590, -1. 469, -1. 128, -1. 229,
DIH/-8. B3Z70, —3. 2920, -8, 31350, -0, BEA3S. B. A20%0. B. B4230,
B. BEP3G, B. A9720, 8. 10593, A. 67450, 9. P4496,
EIH/9. 829, 8. 822, -0, 124, -0. 231, -0. 343, -0, 347,
-8, 287, -0. 204, -0. 237, -D. 226, -0, 894,/
SFSIHA/A. 581, 8. 574, B. 522, 2. 442, @, 498, 8. 401,
B 42E, 8. 475, 0. 425, 8. 457, 3. 598

SYNB7SED
SYNBTS7E
SYNOTSE0
SYNB72Ia
SYNBTI05
SYNB7910
SYNB7I20
SYNBTIZE
SYNBTS4
SYHRTISD
SYNBT960
SYNBTITE
SYNBTSE0
SYNBTS99
SYNDSOBE
SYHESELE
SYNRSB20
SYNBZ9ZE
SYNBSE48
SYNBSESE
SYNOSBSO
SYNBSETE
SYNBERSE
SYNDZBIO
SYNaz1ea
SYNESL1E
SYNGS1ZE
SYNBSLZE
SYNBEL45
SYNBSLSE
SYNBEL1ER
SYNBS17a
SYNBE18@
SYNBSL56
SYNBE208

SN2
SYMNBSaS

SYNESZER
SYMNBSZTE
sSYNesSzes
SYNBS29a
SYMB2E00
SYNBEZ16
SYNE2ZZH
SYME2ZIZe
SYMNB2SZ48
SYMER3I5E6
SYMNBSZE
SYMBSETE
SYMES3288
SYNBZZ2a
SYNBS4ea
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DATA RAFSIH/-B. 863, —6. B4€, -8. 024, ~-8. 820, 8. B16, -0. 012,

M

~0. 92, 6. 010. 8. P12, —-9. 810, -0. 844,/

SYNeged1e
SYNBS420

SYNO3420
SYNBS448
SYN@S450
SYNBS4ED
SYNDS470
SYNBS4E
SYNDS45@
SYNBSSHa
SYNASS510
SYND3S20
SYNOSSZE
SYNGSS548
SYNDSSSE
SYNBSSED
SYNBESTD
SYNBESSE
SYNOSSSA
SYNSREEE
SYNOSELE
SYNBSEZE
SYNBSEIE
SYNBSE4E
SYNBSESE
SYNBSEEE
SYNDSETD
SYNRSS3E
SYNDBESD
SYNESTO0
SYNASTLE
SYNOST20
SYNBSTIO
SYNBET4D
SYNDSTS
SYNBETED
SYNRETTE
SYNBETSE
SYNOSTSE
SYNDSS06
SYNOSS10
SYNDSSIZR
SYNDSEID
SYNDS24D
SYNEIESSE
SYNOSSSH
EYNBSETE
SYNBSIEE
SYNDES30

c
c COEFFICIENTS FOR DURATION, -BASED OM MAGMITUDES RAND SITES.
C
DRTA ADM/-3. 82, -4, 82, -4. 89, -2. 75, —1. 38, 1. 66,
A -4. 45, -6, 80, -5. 83, -3. 38, -1. 23, ~1. 04/
DATA BDMA-©. 43, 1. 68.-8. 26, 1.28. 1. 32, 0. 64,
DRTR CDM/B. 89, 8. 87, 6. 93, 8. 89, B. B3, 8. 13,
[ 8. 88. 8. 06, B. B8E, @. 98, 6. B8, 8. 12/
DATA DDMA22. 88, 11. 82, 16. 41, 1. 42, -9. 77, 1.'38,
D 36. 62, 29. 57, 1€. 16, -9. 95, -B. 57, 2. 43/
DATA SDM/12. 81, 140. 75, 7.41, 5. 57, S 18, 5 9.
s 12. 44,11, 65, 8. 86, 5. 932, 4.53, 5 24/
C
o COEFFICIENTS FOR DURARTION, BASED ON MMI AND SITES
C
DRTA DHI~42. 5, 35. 6, 24. 6, 17. 6,13 4, 25, 6, 12%~1, 8,
1 48 2,35 9,32 2,32 2,28 2,42. 7. 324. 9,35. 9, 26. 8,18. 2,12 2,15. 5,
2 5%-1.8,38. 9,29 6,21 9,16. 5,15. 1,18. 4.
2 25.08,22.6,17.9,12. 3,11. 2.12.14,17. 1,14. 7. 8. 6, 9.8,8. 25,8 7S
4 259 32,29 4,22 8,18 2,12, 4,15 8,33 3, 20. 2, 18. 6, 16. 2, 7. 59, 9. 24.
5 22 32,14.9,8.69,9.18, 3. 37, 7. §7,20. 2, 22. 4,14, 3, 11. 4,10. 7, 11. 2.
6 11 4,14, 9,10, 2.8 .12, 7. 88, 8. €38,12. 6,11. 5, 2. 18, 4. 32, 4. 98, &. 36,
v 25.6,28. 5,18 6,15. 8,14. 8,12. S, 42%-1. 0,
S 10. 4, 6. 48, 5. 78. 6. 20, 7. 16, €. 28/
DATA SHIZ24%0. 8, 9. 71, 2. 68, 4. 40, 2. 86, 4. 23, 2. B2, 6#0. Q.
1 12.8,132.5,10. 2,92. 20, 8. 22,12. 8,12. 4, 132. 1,8 98, €. 14, 7. 19. 6. 28,
2 9.24,6.95,1.56,1.98,8. 67,1. 92,12. 6,12. 7, 9. 26, 8 20, 7. 12, 18. &,
3 12.6,12.3,9.44,4. 99, 2. 99, 7. 16, 9. 88. 7. 48, 5. 22, 4. 82, 3. 58, 3. &1,
4 11.8,8. 12,5. 28, 4. 92, 6. 01, 6. 20, 4. 88, 5. 28, 2. 99, 2. 35. 2. 65, 2. 14,
SR 22,2 47,3.24,2.50, 2 86,32 62,12 3,12. 9,8 25, 9. 41. 7. €2, 8 25,
5 48%*8. 8/
DATR DVIA47. 4. 44. 7, 28. B, 25. 8, 20. 6, 35. 8, 12+-1. 6,
1 43 .2,44.5,54. 2,49 . 4,34, 8,52. 8,33. 2, 28. 8,30. 9,18, 4,17 4, 27. 9,
2 e%-1.9,37.1,31. 5,27 1,17. 8,15. 9,15 &.
3 25.9,25.2,18.9,12. 9,12 6,11, 3, 15. 1,14, 2,15 2, 18. 9, ? 18, 8. €8.
4 322.4,34. 0,28 0,19. 9,14, 5,14, 2, 35. 4, 34.5,21. 1,12 2, 2 42,11, 8,
S 22.4,14.4,10.1,16. 1,11, 3, 8. 60, 24. 7, 25. 5. 20. 1, 14. 4,14, 3,11 1,
& 17 3,16 1,12 . 4.10. 2, 3. 84, 8. 81, 14, 2,11. 6,10, 1, 7. 16, 5. 72, €. 1€,
Vv 25.5,35.0,25 32,20 1,13, 7,11, 7, 42%-1. Q.
2 11. 4,5 20,6 606. 6. 99, 7. 08, 2. 08/
DRATA SVI/36#0. B, 16. 2,13, 9.12. 5, 9. 94. 7. 21. 18. 6,
1 11. 6. 14. 5, 9. 68, 4. 97, 7. 21, 6. 46, £. 70. 7. 79, £. €9, 1. 90, 8. 50, 8. €4,
2 41 3,12 5.11. 8.8 22, 7. 15,9, 73,12 4,12, 1. 9. 28. 4. 55, 3. €8, &. 54,
3 1@ 3.7.56. 4. 20,5 25, 4. 88, 2. 56,11, 2, 8. 24, 6. 28, 5. 58. 5. 14. 4. 49,
4 7.81,4.84, X 91,2 17,2 €4, 1. B84. 4. 53. 5. 14, 3. 8BS, 2. €8, 2. 98, Z. 7,
S 47 4,13 1.11. 7.18. 7, 7. 74, 6. €3, 48+0. 07
C
c COEFFICIENTS FOR DURATION. BASED ON MAGMITUDES AND DEFTHS.
C

SYHBRZSER
SYMNDS21E

DR
DA
DA

R
E
C

DA
o]

TA ADMH/38. 65, 16, 78, 15. 74, 2. 356, —1. 244, 1. 823,
42. €3, 25. 88, 18. 47. 1. 19, -1, @78, 3. 287
TR BDMH/-3. 46, 8. BSET1, -0, 3737, 8. 3984, 1. 174. 8. 3172,
"598;—1.351;-1.021;1.999 1. 21€, 8. BERDE/
TA CDMHAQ. BSESS, 8. B7625, 6. BE8T3E, B. BIZITI. B. BOYELZ, B, 12X
B. B8909&, 8. 87324, 6. BQﬁvB;G 98515, . 8317E, 8. 12
TA DDMHA1. 129,41, 342, 1. 414, 1. 12, 8. 4121, 8. SZ56.
1. 363, 2. 198, 2. 174, 1. 525, 8. 4850, 8. 5313~

1.
2

SYNBR22ZE
SYNez2E0
SYNGEI4R
SYNBEIS5SE
SEYNEEDEE

SYMEZITE
SYNBSDER
SYMNBER2E
SYHEsBHE
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DATA AGDMH/1. 25, 8. 8887, 8. 8905, 0. P427, 1. 152, 1. 837,

o O m D

1. 241, 6. 2902, 0. 8869, 6. 3961, 1. 139, 1. 934/

DATA BGDMH--@. 1039, -8. 1361, 0. 1816. —0. 4474, —0. 23893, -0. 3221,

~0. B981Z, -0. 1274, -0. 1678, 0. 127, —-B. 4254, -9. 3753/

DATA CGDMH/-1. €54, ~1. 320, -1. 315, -0. 4602, —-1. 55, -1. 464,

~1. 66, -1. 315, -1. 311, -0. 821, -1. 563, ~1. 469/

DATA DGDMH--8. 89556, -0. 1181, -8. 1586, -8. 2019, -0. 3518, -0. 2849,

—-8. 98886, -0. 1111, -0. 1463, -0. 2415, -8. 3797, -0. 3308/

DATA UPMH/30. ,24..,18.1,10.5,7.1.8.2,27..23.,17. .11. ,8.,9. 4/
DATA DNMHA-14. 3, -14. , -18. 9, -6. 3, ~5. 1, -5. 9,

D

-209. , -15. 4,-11. 5, -6. 4, -4, 32, -4. 9/

SYNe9e18
SYNB2OZ6
SYMNOS0Za
SYNB3646
SYNB2858
SYN@secn
SYNB2678
SYNBSose
SYNOS630
SYNB9186
SYN@3118

Q00

COEFFICIENTS FOR DURATION, BRASED ON MMI AND DEPTHS.

SYND29120
SYNB91320

DATA RADIH/S3. 62. 42. 81, 26. 44, 25. 63, 20. 27, 27. 19,

w I

S55. 31, 45. 76, 23. 13, 22. 61, 17. 62, 24. 58/

DATA BDIH/-4.€86. -3. 458, ~3. 348, —2. 325, ~1. €676, -2. 755,

~5. 290, -3. 946, -3. 808, —1. 368, -1. 348, -2. 295/

DATA CDIH/L. 238, 2. 8808, 2. 112, 1. 779, 8. 8818. 1. 89S,

o 0O oW I O

1. 422, 1. 673, 1. 734, 1. 579, 0. 9085, 1. 211/

DATA AGDIH/B. 21320, 8. 2053, 1. 381, 9. 9623, 0. 10883, 1. 145,

1. 397, 0. 97219, 1. 248, 0. 8869, 8. 4386, 1. 166/

CATA BGDIHA-8. 1147, -0. 1511, ~0. 1621, —-0. 2614, -0. 4539, -8. 23111,

=-0. 1827, -8. 1946, -0. 1601, -0. 2821, -0, 23352, —0. 319/

DATA CGDIH/-@. 6643, -0. 695, -1. 723, -1. 290, 0. 4288, ~1. 568,

=1. 914, -0. 5669, -1. 863, —-1. 473, —-0. 9064, -1. 485/

DATA DGDIH/-B. 892086, -0. 1142, 0. 1522, -0. 2386, -0. 2987, -0. 2841,

—8. 89673, -0. 88922, -6. 1332, —-0. 2384, -B. 2935, -0. 2954~

DATA UPIH/33..,28. .,24.,14.,9.2,8.,25.,21.,16.,18..7.,3./
DATA DNIH/-17. 5, -14. €, -13. 8, -8. 7, -6. 1. -6. 7,

D

-15. 9, -12. ,-7. 9.-4.8,-4. 8, -7. 1/

SYNBS140
SYNBS1508
SYNeI168
SYN@S173
SYNOI1i2a
SYNB3190
SYNOS2Z00
SYNBS219
SYNB5220
SYNBsSzza
SYNaz24a
SYNa925a
SYN@I260
SYNDRSI27R
SYNesSz3a
SYNaoszoe
SYNBIZE9
SYNPIZ18

[wRw gl

MODE PRARTICIPATION FACTORS FOR SURFACE WAVES

SYNOSZ20
SYNO2ZZ0

DATA
DATA
DATA
DATA
LATA
DATA

BB-1.5,14.5.4.5,2.8,2. 0,32 8,1. 5/
BR/9. 1,0.1,0.1,0.1,8. 1,9. 3, 0. 25/
NP/lB » 1B » 13 » 25 ’ 25 K] 30 ’ 30 /
Wess. ,5..5.,15.,15. .16..5. /
CBr3 .3.,2.,3.,3.,6.,7./7

M3/S. 5.5, 5.5, 6,7/

CONFIGURATIONS OF THE FREQUENCY BANDS CHOSEMN

ooooaoOoOooOO

o0

TO BE COMPATIBLE WITH DURATION CALCULATIONS
BAND NPOINTS NPB NB
%] S bt HKHRK
1 8 2 2¢4
2 16 4 4{45
3 34 3 2(62, 2(8)
4 162 11 4(8>, 7(10>
S 246 18 7¢12>, 7<143, 4(16>
6 612 29 541675, 14(18), 14(20>
DATA NPB/2, 4, S, 11,18, 33/
DATA IBB/4. 6,8, 10, 12, 14, 16, 18, 20/
DATA IBCA6€, 2, 6,7,7,7.9,14, 14/

SYNB2Z48
SYNB335e
SYNA23€1
SYNBOZTA
SYNaSZea
SYN@S290
SYNB248@
SYNG9410
SYNRS42a
SYNa24za
SYHE344a
SYNB24TE
SYNO94c0
SYNB2476
SYNDI489
SYNBS499
SYN@3ISO
SYNB3S19
SYNDISz
SYNAIS3E8
SYNO2549
SYNER550
SYN@EISER

THE CUTOFF FREQUENCIES FOR THE SIX BANDS USED FOR DURATIOM

SYNESS57E
SYNES53D

DATR WE/B. 917, 2. 149, 4. €, 9. 82, 25. 47, 63. 21, 157. 68/

SYNASS590
SYNaScea
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DATA WCC/1. 533, 3. 375, 7. 21, 17. 65, 44. 24, 119. 15/

ONSTANTS TO BE USED IN FUNCTION PLIN

DATA COF, CA1P, C2P/2. 515517, 8. 802853, 8. 918328
DATA D1P, D2P, D2P/1. 422788, 8. 185269, 6. 8613208
END

SYNB2E1E
SYMNAsEZe
SYNDSOEZ
SYMNEISH8
SYNeSs58
SYNegeca
SYNESETE






