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SYNOPSIS

The time variation of amplitude and frequency content for the radial,
tangential and vertical ground motion recorded at five southern California
sites during the February 9, 1971, San Fernando earthquake is character-
ized. The importance of this variation upon the response of a stiffness
degrading system is demonstrated using computer generated artificial
earthquakes.

INTRODUCTION

The earthquake accelerograms recorded during the February 9, 1971,
San Fernando earthquake showed a very clear variation in predominant fre-
quency content with elapsed time. Herein, we use a nonstationary stochas-
tic process to characterize the time variation in amplitude and frequency
content which existed in the radial, tranverse and vertical directions at
five southern California sites. This nonstationary stochastic process
model is one for which an artificial earthquake simulation procedure has
been demonstrated. (1

The engineering importance of the ground motion's time varying
frequency content is demonstrated using an example. Two ensembles of
artificial earthquake accelerograms were generated — one ensemble having
a time variation of frequency content and the other one having a time
invariant frequency content. The sixteen sample functions of each ensemble
were applied successively to a single degree of freedom stiffness degrading
oscillator. Maximum structural response statistics were calculated and
compared.

NONSTATIONARY STOCHASTIC MODEL

The ground motion experienced during an earthquake is assumed to be
a segmented nonstationary stochastic process. Mathematically we write
this stochastic process

3
a(t) = ¥(t) 2 A.(t) n (t) (1)
= 3
where a(t) = ground acceleration

Y(t) = time modulating envelop function
nj(t) = stationary stochastic process

A, (t) = H(t-t, - H(t-t,

5(0) = H(e-t, ) - H(e-t))
H(t) = Heaviside unit step function

The above equation assumes that the ground motion is modeled as three

contiguous regions: Build-Up(t.<t<t ), Strong Motion (t <t<t,) and Die

Down (t. <t<t ) The following Qwo sectlons establish for eac% record the

time mo&ulatlng envelop function and power spectral density function for
each stationary stochastic process.
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ENVELOP FUNCTION

The envelop function of the process defined in Eq.(l) can be shown
to be equal to the square root of the ground motions mean square accelera-
tion. Herein we postulate that the mean square acceleration is of the
mathematical form

E{a®(t)} = pt¥ &OF 2
and then the expected energy function, defined,
t
EW(t)} = f B{a(0)} dr 3
o

can be directly expressed in terms of o, B, and Y. Note that when the
upper limit of the integral in Eq.(3) is infinity the resulting quantity
is the total energy and is directly related to the Arias and Housner
intensities.

For each ground motion noted in Table 1 the expected energy function,
Eq.(3), was evaluated as a function of time. A least squares fit was then
used to establish corresponding best fit values for o, B, and y. These
values are given in Table 1. Herein, B, is treated as an amplitude scale
parameter with o and Y being the acceleration envelop shape parameters.

FREQUENCY VARTATION WITH TIME

Each earthquake acceleration verses time history was divided into a
build-up, a strong motion and a die down region as noted in Table 1. The
stochastic process in each time region is assumed to be stationary with a
unimodal power spectral density function of the form

S(w) = SolwlP e—lle (4)

The parameters P and Q are determined for each time region using intensity
functions of zero crossings and maxima. We select S_ such that when we
integrate the function in Eq.(4) over the entire freauency domain we
obtain unity. Table 1 gives the values of these parameters for the
selected accelerograms. Reference 1 shows plots of the power spectral
densities. The plots indicate an acceptable description of frequency
variation with time.

STRUCTURAL RESPONSE

The segmented nonstationary stochastic process used to characterize
earthquake ground motions can also be used to simulate artificial earth-
quake records. Using the procedure described in Reference 1 we generated
two ensembles of artificial earthquake accelerograms. The first ensemble
consisted of 16 sample functions whose characterization parameters for
o, B, and Y are the same as for the 8244 Orion radial motion, see Table 1,
and whose frequency content is time invariant. That is, we used only one
time region and selected P and Q to be the same as that for the 8244 Orion
radial strong motion time region-i.e., P = 0.23 and Q = 0.075. This ensem-
ble is hereafter call the Stationary Frequency ensemble. A second ensem-
ble of 16 artificial earthquakes, called Nonstationary Frequency, were
generated using three time regions and the same characterization parameters
as were obtained in the analysis of the ground motion in the radial direc-

tion at 8244 Orion, see Table 1.
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The response of a single degree of freedom stiffness degrading
oscillator was calculated for each sample function in both artificial
earthquake ensembles. Figure 1 shows a comparison of the maximum responses
experienced for each ensemble. 1In effect what seems to happen is the
effective period elongates due to yielding as time evolves and hence this
structure with a longer effective period tunes in with the longer ground
motion periods which excite the system later in the response time domain.
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Figure 1. Response of Stiffness Degrading System
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