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ABSTRACT:

A numerical simulation scheme is presented that combines the advantages of the discrete Fourier

transform algorithm and a digital filtering scheme to generate nonstationary multivariate random processes. The
resulting time histories provide piecewise continuous evolutionary spectra and the proposed simulation technique
offers significant computational efficiency. The effectiveness of the proposed technique is demonstrated with
examples. The simulated records are in excellent agreement with the prescribed probabilistic characteristics. The
proposed technique has immediate applications to the simulation of ground motions, evolutionary sea states, and

fast-moving gust fronts.

INTRODUCTION

The nonstationary characteristics are observed in many ran-
dom environmental load effects, that is, their amplitudes and/
or their frequency contents are time dependent. Typical ex-
amples include atmospheric turbulence during the passage of
a weather front, evolutionary sea states, and seismic excitation.
The evolutionary characteristics of such a random process are
described by Priestley’s model (Priestley 1967)

) = f A(t, w)e™ dZ(w) (1)

where A(f, @) = a modulating function; and dZ(w) = an or-
thogonal increment process satisfying
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Accordingly, the definition of the evolutionary power spectral
density (PSD) is given by

S(t, w) = |A¢, w)'D(w) 2

Following the preceding definition of the evolutionary PSD,
several models have been proposed for generating nonstation-
ary processes. The numerical integration of (1) by discretizing
the evolutionary spectrum in the frequency domain is an ob-
vious choice. However, this is not a numerically efficient ap-
proach.

The simulation of nonstationary time series can be simpli-
fied by describing a nonstationary time history in terms of
processes modulated by time-varying functions. Following
Grigoriu et al. (1988), Yeh and Wen (1990) expressed earth-
quake-induced ground motion as a frequency-modulated pro-
cess multiplied by a deterministic time-varying function. It is
noted that these models, which describe frequency modula-
tions, do not necessarily have evolutionary PSDs, rather they
are represented by instantaneous spectra. Saragoni and Hart
(1974) partitioned the processes into several segments and pro-
posed a piecewise stationary model. This representation intro-
duced abrupt changes that are difficult to justify in the light
of physical processes. An extension of the Saragoni-Hart
model was proposed by Der Kiureghian and Crempien (1988).
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They described the model as a summation of modulated
banded white noise. Li and Kareem (1991) also used the mod-
ulated stationary time series concept. A nonstationary process
was expressed as a sum of mutually correlated stationary pro-
cesses modulated by a deterministic time function. The spectra
of the stationary processes and the deterministic modulating
function can be obtained by matching a prescribed evolution-
ary spectrum. The time simulation an be performed by using
a numerically efficient fast Fourier transform (FFT) algorithm.
Besides the preceding examples, the concept of a modulated
stationary process centered at narrow-banded frequencies to
model ground motion has been used by others, including Ka-
meda (1975), Scherer et al. (1982), Preumont (1985), and
Scherer (1994). Grigoriu (1993) presented a new probabilistic
model to simulate realizations of general nonstationary Gaus-
sian processes using random trignometric polynomials.

Recently, the popularity of wavelets due to their retention
of both time and frequency information has led to the simu-
lation of nonstationary processes using wavelet transforms
(Kareem et al. 1993; Gurley and Kareem 1994). The method
is again based on the concept of a modulated stationary pro-
cess centered at narrow-banded frequencies to model ground
motion. In this representation, each component process is
modulated by a different modulating function. This approach
is used to simulate ground motion records. The statistical and
spectral features of the parent and simulated records exhibit
good comparisons (Gurley and Kareem 1994).

The application of modulation-based methods may be lim-
ited because the modulating functions may not be easily found,
or a large number of functions may be required to match the
given time records or prescribed evolutionary spectra.

The digital filtering approach offers an efficient alternative
means of simulation. The nonstationary time series can be gen-
erated by a digital impulse or by a filtered white noise (Lin
and Yong 1987; Shinozuka and Deodatis 1989). Autoregres-
sive and moving-averages models offer improved accuracy
and efficiency [e.g., Kozin (1988), Conte et al. (1992), Cak-
mak et al. (1985), Polhemus and Cakmak (1981), Deodatis
and Shinozuka (1989), and Gersch and Kitagawa (1985)].
However, the determination of parameters in the digital filters
may become difficult for accurate representation of the evo-
lutionary spectra. Other models based on the output of a time-
variant linear filter to stationary white noise are available [e.g.,
Safak and Borre (1986)]. Simulation based on these models
involves numerical difficulty, particularly when the target
spectra are characterized by multiple peaks. The simulation of
response-spectrum-consistent ground motion is presented in
Spanos (1983).

The theoretical background of random processes with non-
stationary probabilistic characteristics is omitted here for the
sake of brevity. For additional background, a sample of related
references is provided: Priestley (1967), Mark (1986), Lin and







