SPECTRAL ATALYSIS OF SEISMIC AQTIONS
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accelerograms Of strong-moiion earthquakes recorded in th
the late decades are analysed. The power content cof th
¥ © 1s characterized by their acceleration spectral densi
stermined in & digital computer. The results are compared with va
ues already available in the literature.
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sponse of a set of linear oscillators tc th
rded in Califcrnia was obtained by Pro
gic computer about 15 years ago. EHou
ant. the weighted mszan values of the ace
and d placements of oscillators the different ear
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He represented the characteristics of seismic
an averags spectrum and of factors concerning the
different carthquakes.(1)(2)(3)(4)

The nhservation of Housner's curves shows that dominant Ireguen
cies are absent. The small differences between the spectra were satis
factorily sccounted for by Housn r as due to the particular characte
ristice of the different rthquakes analysed. It was thus observed
that the influence of the hlgher frequencies decreases vary fast as
the disiarnce to the epicentre increases and that the naturs of the
ground has a considerable influence on the load intensities.

) A
About five years ago, using an analogic medel, 3.N.3ycro /
applied to linear oscillators white noise acceleration pulses with a
duration of 25 seconds and & uniform spectral density
2 b -1 2 -4 qet

So = 0.75 £t~ sec Bz — = 697 cm sec
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in the frequency band of 0-35 Hz, obtaining maximum values for accele
rations, velocities and displacements very mnear those indicated by
Housner for the El-Centro earthquake of 18/5/940, the most intense on
record (about IX in the Mercalli scale). This result confirmed +the
absence of dominating frequencies in the seismic loadings.

At the Laboratério Nacional de Engenharia Civil numerical analy-
sis techniques were applied to the data of four strong motion earth-
quakes, recorded in California, in an attempt to define the major chs
racteristics of earthquakes from an energy and a statistical point of
view.

2 - SPECTRAL ANALYSIS OF SEISMIC ACTIONS

Bight accelerograms of 4 strong motion earthquakes recorded in
California were analysed, their principal characteristics being pre-
sented in Table 1.

The power spectra of the accelerogram? yere determined by the
Stantec-Zebra computer of the Laboratdrio.‘*’/ As the computing program
is based on equally spaced sampling( ), the accelerograms data had to
be interpolated.

The spectral power densities of accelerations were computed in
the frequency band of 0-10 Hz. A very marked decrease of densities
having been observed for frequencies above 5 Hz, it was decided +to
determine the spectral densities for the following frequencies:

f =0.2; 0.4%4; 0.6; 0.8; 1.0; 2.0; ...; 5.0; 5.4; 5.8; 6;...; 10 Hz
The spectra obtained are presented in fig. 1 to 8.

It is noteworthy that the power content is practically confined
to the band O to 5 Hz decreasing very fast for higher frequencies.

The mean guadratic acceleration a® can be obtained by integra-

ting the power spectrum S (f)
- o0

a® =I s (£).df
0
The values thus obtained are indicated in Table 2.

For reducing the power spectra obtained to the same variance,the
most intense earthquake being chosen as standard, the values of the

(%) Now replaced by an Elliott 803-B computer
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spectral density must be multiplied by the coefficient defined in Table
2. Computing the mean value of the densities for each frequency, the
mean spectrum presented in fig. 9 is obtained.

The following characteristics of this spectrum should be noted:

- the power content is practically confined to the band 0-5 Hz,
with maxima in the zone 2 to 3 Hz.

3 -~ COMPARISON WITH THE RESULTS AVAILABIE

Housner characterized the four earthquazes analysed by means of
coefficients relating the maximum accelerations, velocities and dis-
placements in the linear oscillators.(#) These coefficients are easily
related with the spectral density.

For a linear oscillator vibrating with a frequency w, and a per
centual damping n under the action of an earthquake with a spectral
density So, the variance of the displacements is given by

The following relationship between the displacements correspon-
ding to different spectral densities is then obtained

*1 (=L 51 .1/2

2 2

i.e. Housner's coefficients are proportional to the square root of
spectral densities.

Taking for the earthquakes analysed an average spectral density
in the band of frequencies studied by Housner, it is possible to
compare Housner's coefficients with a coefficient proportional to the
square root of the power demsity (Table III).

The average spectral density computed from the mean power spe-
ctrum (fig. 10) in the band of frequency 0.36 to 2.50 Hz is
8, = 689 cmasec:_L"Hz-1
which agrees with Bycroft's value
-1

S, = 697 cmasec—AHz
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4 - STATISTICAL TESTS

The data of L¢-c@nt,u,oAf chguake were run for a test hypothesis
of Gaussean distribution. =

The X 2 test gave a satisfactory answer, as the value obtainegd
falls well in the confidence interval.

5 - CONCLUSIONS
The results obtained can be summarized as follows:
- There is uniformity in the power content of the earthquake:,as

can be infered from the existence of a common shape for the power spe
ctral density curve. -

~ The instantaneous values can be accepted as having normal dis-
tribution.

The agreement of the obtained values with those of Housner angd
Bycroft is very satisfactory. It seems important to make further
analysis on other records of earthquakes,in order to define standard
values.
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Epicentralf_ .. . . Time
Seisn distance Depth Magnitude Acceleration duration
= 2
km km cm/s s
Tl-Centro N-5 48 2L 6.7 330 20
18/5/1940 E-W 48 2k 6,7 230 30
El-Centro N-S 56 24 6,5 255 25
30/12/934 E~-W 56 24 6,5 196 25
Taft N 21 E 64 24 7,7 170 30
21/7/1952 |N 69 W 6L 24 7,7 180 30
Olympia N 80 E 72 72 7,1 310 30
13/4/1949 |N 10 W 72 72 7,1 180 30
TABIE II
El-Centro El-Centro Taft Olympia
Seism 1940 1934 1952 1949
N-S E-W N-S E-W N 21 E|N 69 W|N 80 E|{N 10 W
Variance
sz 8-4 3820 2690 1900 2305 1360 1775 2930 2190
Koot mean
sauer? 61,8 | 51,7 | 43,4 | 48,0 | 36,7 | 42,0 | 54,0 | 46,6
en” s
Power
reduction 1,00 i,42| 2,01} 1,66 2,811 2,15} 1,30 1,74
coefficient
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TABLE III

Coefficient proportional
Seism Housner's coefficient|to the square root of the
power density
El-Centro
18/5/1940 2.7 2.60
El-Centro
30/12/93k 1.9 1.90
Taft
1 1.8
21/7/1952 ? 2
Olympia -
1.6 1.70
13/4/19%9 ’
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