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Seismograph records processed by Fourier transform

J. Hans Rainer

ABSTRACT

The method presented of processing strong-motion accelerograph film records
employs the Fourler transtorm and boundary conditions of zero mean and initial
and final acceleration, velocity and displacement. Ways of achieving instrument
correction, integration, baseline correction and filtering are described and the
mathematical expressions summarized. Numerical results for the records of the
Saguenay ea rthgjuake of 1988 are compared with those obtained by the Geological
Survey of Canada using the time-domain method. Good agreement is achieved for
acceleration and velocity, but substantial differences are encountered for
displacements. This is due to differences in boundary conditions used for
displacement. It is recommended that the time-domain method adopt the zero
mean displacement instead of the current zero initial displacement.

INTRODUCTION

Recordings of motions of the ground and of structures during earthquakes
have contributed immeasurably to the technical advancements in seismologg and
earthquake engineering. From such records, engineers and scientists are able to
develop seismic motions for design and analysis. Before such recordings can be
used, however, they need to be "processed” so that inaccuracies and distortions that
invariably accompany an instrumental recording process are properly accounted
for.

Instruments that have been most successful in recording strong seismic
motions obtain the acceleration at the instrument location. Early versions, from the
1940’s to the 60’s, employed a lightbeam that was reflected off a mirror moupi{e?d
ona damped Single-degree—of-freedom oecillator and focused onto photo-sensitive

paper. Then up to the 1980’s, photographic film replaced the paper. There are now
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closely, as can be seen by comparir _
e g 1 Oy comparing the peak values and the - T
variation with time. 28 and the detailed amplitude

Table 1 presents a comparison ¢
; = . (; g p‘lrlh()n ()f e;ﬂk 2 .0 : P, e e ‘
dlsplacement for all Saguenay earth(llgjakv l‘feiclg;(?%Of ?u:d-{im“mmf w.:_lucny i
Munro (1989) and by the Fourier transform e Pj()(_(:f?b(jd by Weichert and
designated by "GSC", the | D Bhagh e ethod. The former results are
eslg y "G5C7, the latter by "IRC". Percent differences of res e
methods are computed by taking the differehce In a]lL) 1(,_.1ign<:(;s) sl ﬁ“)r*”m .
the IRC value. It may be seen that with few exce ti()g()‘ l;ktxelvam% fhe e
"k velocities agree ver i tions e peak accelerations and
pe : 1 e C ()bpt)/. Large differences can be seen in the
disp acctlemu 13, 1owever. 'hese ditferences occur because the G5C time-domain
method emp O};b an 1n1t1al condition of zero displacement, after filtering, whereas
the [RC nietl}og uses a zero mean and a zero start and finish before filtering. T'his
difference is even further accentuated when the 0.10 Hz high-pass filter is
employed, f.«.flth_ results shown In f*l%. 3. While there is still good agreement in
velocity and acceleration peaks, large ow-frequency components are evidentin the
displacement trace. The non-zero displacement at the start of the record is clearl
ble and arises from the filtering operation; the comparable G5

discernl
displacement trace would be shifted upward by the amount of the offset. After the

record has been filtered, the zero mean displacement is considered to be a more
reasonable initial boundary condition than the zero initial displacement; thus a
change from the latter to the former is recommended for the standard time-domain

processing.

ents in the displacement trace are real

~d motions or an artifact of the recording or processing methods 15 NOt clear

But since these long-period components occur In the displacement traces
1991), it can be concluded that these

for instrument correction,

Whether the low-frequency compon

grou

ef.
%iltered at 0.1 Hz for both methods (Munro,

components are not the result of the processing methods
integration, baseline correction or filtering.

CONCLUSIONS

method of processing strong-motion seismogra h

independent alternative to the

The Fourier transform
truments presents an|l

records retrieved from film ins

commonly used time-domain metno
time-domain method and the Fourier transiorm me

earthquake of 1988, shows good agreement 1n eak values
Veloc(i:lty and in amplitude variations with time. TEe displacement traces, however,

show large deviations whichare mainly due to different boundary conditions used
by the two methods. It1s recommended that the time-domain method adopta 2

mean displacement boundary condition rather than the current Zero initial

displacement.
Low-frequency com onents predominate in the

high-pass filters of 0.10 Hz are used. The origin of these com iy
to be due to the integration, instrument correction al
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