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SYNOPSIS

A new method to estimate the time variation of the predominant frequen-
cy of earthquake acceleration and velocity records is presented. The method
uses the ratios between the mean square functions of velocity, acceleration
and derivate of acceleration. It has been applied to 32 earthquake accele-
rograms from U.S.A., México, Perl and Chile. The determined functions for
the predominant frequency of acceleration records are in agreement with
functions estimated by other authors assuming a non homogeneous Poisson pro-
.cess of exponential decay trend for the zero-crossings This time variation
is characterized by a chi-square decay trend which is particularly signifi-
cant in some 1971 San Fernando earthquake records.

REPORT

1. Introduction.

The characterization of the variation of the frequency content of earth-
quake records is important in earthquake engineering since it has been shown
that ductility requirements of stiffness degrading structures can be strong-
ly affected by the time variation of the frequency content, (1), (2).

2. The Method.

The proposed method characterizes only the variation of the predominant
frequencies wa(t) and wy(t) corresponding respectively to acceleration and
velocity records by assuming that earthquake records are stationary pro-
cesses in small interval of time At :

t . .
E{a?(1)} dt  E{a?(t)}
w?, (£) = —2E = (1)
E{aZ(t)} dt  E{a?(t)}
t-At
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t
j E{a2(1)} dr E{a?(t)}
] mzv(t) = t-At B4 (2)

t
E{v2(7)} dr E{v2(t)}
t-At

where E{+} denotes expected value, a(t) and v(t) are the acceleration
and velocity of the ground, the dot denotes time derivate and t is time.
Eqs. (1) and (2) estimate the average predominant frequencies in the
vecinity of t.

The mean square functioﬁs considered in Eqs. (1) and (2) can be re-
placed by chi-square functions of the type (2), (3).

Y1 ot

E{vZ(t)} =B t e 3
','2 "azt

E {a2(t)} =B, t e Y
. Y3 -ast

E{a2(t)} =83t e (5)

where the aj, Bi and yj are real constants, with i = 1,2 and 3.

Finally the functions wy(t) and w,(t) become

B2 Y1-Y2 —ogta

wy (t) == 7y t—5 e——t : (6)
__|P3 Y3=Y2 —oagtap

w, (t) == 5 t — e ——t )

3. Results and Conclusions.

The parameters a4, Bi and yij were estimated for 32 earthquake acce-
lerograms from U.S.A., México, Peril and Chile using a time moment tech—
nique (2). These results are given in Table 1. The chi-square approxima-
tion was applied for the first time to velocity and derivative of accele—
ration records and it was found that it also gives good results as in the
case of acceleration records. The functions wy(t) and wy(t) are shown in
Figs. 1 and 2 for both components of El Centro 1940 and 15250 Ventura
Blvd., Los Angeles, 1971. In these figures the total duration of the re-
cords has been normalized equal to one. The figures for wy(t) and wa(t)
for all the accelerograms of Table 1 are given in reference (4).

The results for wg(t) are compared in Figs. lb. and 2b. with the
functions obtained in references (2) and (5) assuming a non homogeneous
Poisson process of the exponential decay trend for the zero-crossing.
This comparison was always found satisfactory. However it was also found
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that the proposed method does not give satisfactory estimates for wy(t)
and wy(t) in the first 207 of the record due apparently to the use of
time moment technique for the estimates of aj, Bi and vi.

From Figs. 1 and 2 and Egs. (6) and (7) it is conéluded that the time
variation of the predominant frequencies is characterized by chi-square
functions which gives the same results that the exponential decay trend
for the last 80% of the records. These time variations are particularly
relevant in some 1971 San Fernando, California records.

In addition, it is also concluded that chi-square approximations
give satisfactory results in very small intervals of the time since
predominant frequencies are obtained as ratios between chi-square
functions.
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DISCUSSION

E. Faccioli (Mexico)

The discussor would like to know whether any correlation
between seismotectonic characterigtics and focal mechanisms on
one side and time variation of W, and W, on the other side
could be established in general for a given site or regian.

P.N. Agrawal (India)

'Will your new method of estimating the time variation of
predominant frequency permit studies of azimuthal effect if
records for same earthguake in various azimuths were studied.

Ricardo Duarte (Portugal)

The discussor guesses that what you call predominant

- frequency are the frequency of zero-crossings of accelerations
(and velocities). The question is: How they-are related to
the frequency of maximum power gpectral demsity of accelera-
tions (and velocities) as determined in your previous papers ?

Author'sg Closure

With regard to the question of Mr. E. Faccioli, we wish
to state that as far as we know no correlation has been deve-
loped yet between seismic wave path characteristics and focal
mechanism parameters on one side and the time variation of
W,(t) "arid W,(t) on the other side. Correlations among the
physical parameters that you suggest and parameters that
characterize time variation of frequency content of earth-
quake motions as for example Wa(t) and W,(t) will very help-
ful to our understanding of earthquake ground motions in the
future.

At this step of our research we have only tried to deve-

1015 good statistical estimators for parameters which partially
characterize the time variation of frequency content of earth-

quake ground motions considering that it has become an impor-
tant aspect in the understanding of earthquake ground motions
and in design technique which consider the nonlinear behavior
of structures. ‘

With regard to the question of Mr. Agrawal, we wish to
state that yesj we think that our method would permit studies
of effects due to the direction from the source if accelero-~

- grams at various azimuth were studied for the same earthquake.
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In addition, since time variation of predominant frequencies
 Were practically the same for the two horizontal accelerograms
at each of the analyzed station,/ we think that it is possible
to study for a given earthquake the influence of epicentral
distance, azimuth, topography and soil effects if enough
records are available for the earthquake. Such studies would
permit to find the correlations that Dr. Faccioli ask us in
the previous question.

With regard to the question of Mr. Duarte, we wish to
state that we have called, as previous researcher predominant
or characteristic frequency to the frequency of zero crossings
with positive slope in attention that power gpectral density
function of most earthquake ground motion does not exhibit a
narrow band character and are strongly skewed right. For this
type of power spectra its mode or maximum it is not a predomi-
nant frequency. On the other hand, if the power spectral den-
sity function I'(w) can be considered of narrow bard type in
the vecinity of a central frequency or predominant frequency

the expression for the frequency of zero crossings with
positive slope W, due to Rice (1)

jwwzf’(w)"’w

0

wa'(w) dw

W, =

can be approximated to

wt [, (o

= ~ W
VAL

w

using an analogy with Laplace's method of e\faluating integrals
and considering that function w2is a slowly varymg function
in the vecinity of we .

In attention to these two previous reasons and its phy-
sical meaning we have called predominant frequency to the
frequency of zero crossings with positive slope.

The relation between the frequency of the maximum of the
power spectral density .-Wwm and the frequency 'of zero crossings
with positive slope Wo for power spectral density of the type
(Saragoni and Hart (2)).
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Jw) = s, wf e .W

v
o

are given by

W = P/a
and
o =_\&’(P+2)(P+U
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