PREDICTION OF FOURIER SPECTRA IN ZONES OF MODERATE SEISMICITY. APPLICATION TO SITESIN SPAIN
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ABSTRACT

In regions with moderate seismicity, where few strong motion records have been
obtained, a problem is presented for estimating seismic action d a certain site

aimed to engineering purposes. In these conditions it is necessary to introduce Introduction [

models and methods which allow the prediction of spectra, in a rore or less [

] b ooe 2

simpleway. o . . ) Different methods are being developed in spectral prediction. Onone hand, empirical methods aim L oce 1

In this paper we present anew prediction model of Fourier spectrum in rock sites, to obtain relationships from regression analysis of records in ones with high seismic activity [

derived from the stocastic model developed by Toro and Mc Guire (1990). This (Trifunac et al, 1989; Trifunac et al, 1993). On the other hand, some studies use data of small

e R LIS RSBl T foniors oy ncie, i o mers cormplex mode), the path and Ingal ofects (Wennarbery o wroe

magnltude'(Z-S), like these relcor(lied inthe Iberian Penlr'19JIa. X . al, 1990). Finally, a theoric ;;rediction is also develope&, in vhich stocastic models try to define the 100E3

Some details about the application of the method are: the use of arelationship characteristics of radiation, using few parameters empirically estimated. In all cases, the size of the 10084

moment-magnitude, Mo=f(M), the assumption of an stress drop in the fault fault is considered small with respect the epicentral distance, therefore the prediction is suitable in Looes

related to Mo, spectral shape for high frequencies according to w?, and the far field. But this hypothesis harms the prediction in near field where many uncertainties are Looes

anelastic attenuation Q as a function of Q, and frequency. The method has been introduced. (Herrero et al, 1994). oot

applied for predicting Fourier spectra linked with the main recent earthquakes The majority of the seismological studies assumes the shape of shear wave Brune’s sp}ectr_a for sor o1 o Looo e
occurred in Spain, all of them with magnitudes higher than 4.5. The results have modeling the spectral amplitudes. These models are built with some parameters such as: seismic

. . . moment, Mo, corner frequency, fc, the stress drop in the fault plane, Ds and a low-pass filter with a Accelerat " ding to B , del
been comp_ared with the spectraderived from thelnstr_umentaIArecords andlagqod characteristic frequency depending on the source or the attenuation (Hanks, 1981) . : ccel erah|on ipec raf atéqf?r ing to rune; mo ed
agreement is found. Therefore, the method may provide a reliable approximation gggic:rigl%lij;aiie gf Golkfnrem magnitudes - an
to the ground motion expected. The following values are taken:
K=2, Rw =04,r =2.8g/lcnm® y b=3.2Km/s.

Stress drop analysis 10000
The value of Ds is very important in the definition of corner frequency. Many sudies consider that Ds is constant around the fault. 1000 o The figure shows the dependence between
However, stress drop increases when the size of the earthquake is bigger, then a more real approximation becomes necessary. - seismic moment and stress drop, as well as
As it has b b d. the st drop in interplat . ller than in intraplat ) K i ot al. 1975: Atk 1993 Intraplate the dispersion of values of stress drop, which
s it has been observed, the stress drop in interplate zones is smaller than in intraplate regions (Kanamori et al., ; Atkinson, ). 100 o may be explained by the different values in

Thus, the constant value taken for interplate earthquakes (100 bars) is not a good approximation for the other earthquakes. interplate and intraplate zones.

On the other hand, a dependence between the stress drop and seismic moment is clearly observed for small earthquakes (M< 5). This is a
conclusion obtained from data of earthquakes all over the world. (De Natale et al, 1987; Mc Garr et al, 1985; Frankel, 1981; Scherbaum et

al, 1984; Olivera, 1983; Roca, 1990 y Susagna, 1990) Interplate

events
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Starting from different couple of values (Mo, Ds), we have carried out a non-lineal regression analysis and fit the data to the following
expresion (units in bar and dyne cm):

Log Ds = (-25.960  3.640)+(1.939 * 0.339) (Log Mo )+(-0.031 * 0.008) (Log Mo )2
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fmax analysis

00

X . B . . X . A clear trend is observed in the
In practice, the acceleration spectra don’t remain plane for high frequencies (as the Brune model proposes), but also a decreasing froma figure: decreases when
characteristic frequency, f,,,, is observed. The explication of this frequency is controversid. Some authors attribute its appearance to i seismic moment M increases.
process in the fault; others to the anelastic attenuation in the path and also to a time related with the stoped-phases during the rupture =y _| The dispersion of data is minor

i

process. 1B for small magnitudes.
Last trends may assume that f,,, is explained as a combination of all the above quoted factors, thus its prediction becomes more
complicated. (Herrero y Bernard, 1994).
The analysis of data obtained by different authors (Aki 1988; Roca 1990), taking data of earthquakes in a wide range of magnitudes and 1 T T T T T T T T T T
sites, gives as result the following fit (units are Hz and dyne cm) le+lde+ile+ile+ide+2datide+ddea+2Ble+2Te+28

bt [dinas.cm]
Log foe =(2.530+0.369) + (-0.067 + 0.015) Log Mo

Proposed Model

In the case of intraplate eartquakes (as most part of our study zone, Spain), different authors have developed models based in the original Brune model, with the same behavior in low and inter mediate frequencies but different characterization of the drop for high
frequencies. As an example, the model proposed by G. Toro y R. McGuire (1992) has been applied in zones of moderate seismicity in Norway.

Starting from Toro and McGuire’s model, we have adopted a new one, for which the behavior of the high frequency part given by f,,, becomes now dependent on Mo, as the main difference with respect to the former model. Thus, we propose the following shape
for the acceleration spectrum:

1 1 p:fr
A(f)= A(T) xA(F) XA (F) XA, (f) Where:  A(f)=Ww, w A(f)= A(f)== " 3r£100Km fy=-—"""_
oD O r A= 5 5m
1
f)= " :r >100 Km
A(f) e
. K>R; *PRIN M, .
Being: W, = e f: frequency R; =0.6 And taking in account:  LogM, =1.5xM +23
P r : hipocentral distance b, =3.2 knvs; Lg velocity average Log»Ds = - 2596+ 1.939x(LogxM,)- 0.031x(LogxM,)>
K=2 r =2.8glcn® Log f,, ., = 2.5345- 0.067xLog V|
PRIN =0.71 f, =4.940°b_{Ds /M JF Hz 09 X gy = 2. . 0g XM,
Q(f) =140<f " Quality factor used in the studied zone
ReS U ItS Earthquake Date Station Dh[Km] M Recorded in
Mula 020299 |  Orihuela 47 48 ROCA
The proposed model has been applied to several events ocurried ih Spain (considered as intraplate), in order to obtain the Fourier spectra in similar conditions to those of the real Mula 02.02-99 Jumila P 18 ROCA
records (magnitude, distance and soil). The estimated spectra inour work have been compared with the spectra derived from some of the accelerograms recorded by the IGN, during - .
these events. A brief summary of the parameters corresponding to the analyzed records is given in the following table. Mula 02:02-99 Lorqui 2 48 ROCA
Mula 02-02-99 Torrevieja 71 48 ROCA
In the lower part the figures with the results are included. They show the comparison between the Fourier acceleration spectra for the two horiziontal components (in black) and the Mula 02-02-99 Lorca 51 4.8 ROCA
estimated spectra by our model (in red). Adra 040104 Adia 27 49 ROCA
Adra 23-12-93 Adra 1 50 ROCA
Perpignan 18-02-96 Olot 71 5.0 ROCA
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Conclusions

« The fit carried out for controlling the stress drop (and corner frequency) supplies satisfactory results

« The attenuation of high frequencies obtained with our model is near to the real observed. This means that a good fit has been reached through the previous funtions.

« Some records show bigger amplitudes in low frequencies and smaller in high frequencies than the ones predicted here. This fact may be atributed to the non-lineal behavior of soil.
* The simple model proposed in this work allows the prediction of FAS and the derived parameters.



