N

(e

The 4™ National Conference on Civil Engineering- May 2008, University of Tehran

Application of noise wavefield to assign
velocity model in site effects studies- A case study in Tehran

Shabanil, E, Haghshenasz, E., Mirzaeil, N. and Eskandari-Ghadi3, M.
1- Institute of geophysics, University of Tehran, Iran.,
2- International Institute of Earthquake Engineering and Seismology, Tehran, Iran.
3- Dep. of Eng. Science, University of Tehran, Tehran, Iran.

eshabani @ut.ac.ir

Abstract

Analysis of seismic ambient vibrations is becoming a widespread approach to estimate the profile of
subsurface shear wave velocity. In this paper we are going to show the basic concepts of one most useful
ambient noise array processing, Spatial Autocorrelation (SPAC) method and its application in a site in south
of Tehran. The previous site effect estimations on this site using the earthquake records [6] show an important
amplification surprisingly beginning at the very low frequencies. To explain this unexpected results, in
contrast to the results of 1D analytical method of previous studies try to find the Vs profile of the studied site
by applying ambiant vibration array measurements to better understand the effect of surface geology on the
seismic motion.
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Introduction

Knowledge about the subsurface elastic properties is very important for prediction of local site effects on seismic
wave amplitudes, which is crucial for seismic hazard assessment. Analysis of seismic ambient vibrations is
becoming a widespread approach to estimate the profile of subsurface shear wave velocity. The background
seismic noise is typically generated by cultural sources (vehicle traffic, railways, machinery) and natural sources
(wind noise, surf action at coast lines). Such a surface origin clearly supports the interpretation of seismic noise
wavefield consisting primarily of surface waves.

Single station methods as well as array methods, frequency wave number (F-K) and Spatial Autocorrelation
(SPAC) [1] methods, are currently in use to determine site response properties from ambient vibrations. Among
the single station methods, the H/V spectral ratio is most popular. Here, ratios of spectral amplitudes of
horizontal to vertical components are calculated. In contrast to the single station methods, the array methods
make use of the dispersive properties of surface waves in layered media. Assessing the subsurface structure, in
particular the shear-wave velocity profile (Vs), is based on the dispersion property of surface waves in layered
media. Shear wave velocity profiles down to several hundred meters of depths can be obtained by inversion of
dispersion curves of long period surface waves.

In this paper we are going to show the basic concepts of one the most useful ambient noise array processing,
Spatial Autocorrelation (SPAC) method and its application in Tehran. Two separate measurement of concentric
circle arrays have been manipulated using 10 Guralp CMG6TD seismic stations in two sites in south of Tehran.
The sites show the most important amplification based on the results of pervious studies on the other hand there
are some relatively deep boreholes that can help us to interpret the results.

SPAC method

The SPAC method was first designed by Aki [1] to reveal the nature of the background seismic noise and also
the characteristics of the propagation medium. The SPAC method is designed to estimate the dispersion curves
for surface waves by analysing the correlation between noise recordings made at nearby sites. From these curves,
we can characterize the structure of the underlying propagation medium. Since the method is based on a
statistical investigation in time and space, we assume that the signal is a stochastic noise, stationary in both
domains [2].
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Principle of the SPAC method
Let us first consider the case of a single plane wave propagating along the x direction. The spatial auto-
correlation function of the signal u(x,f) for the region x€[0,X] and the time domain r€[0,7] is defined as follows

[2]:

(p(E.1). —Ju(x Ou(x+ &, tdx (1)

From the assumption of signal stationarity both in space and time, it follows that:

#(&) = (pE.D) =(p&.n) = —Ivo (1w (t)dt | @)
where v, (f) =u(x,,t) and v (1) = u' (x, +&,1) could be the signals recorded at two stations separated by

a distance &, In the case of a single dispersive wave, Aki (1957), using the relation between the spectra in time
and space, showed that the auto-correlation function can also be expressed like:

f)dw’ 3
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where ®(w) is the auto-correlation frequency spectrum,® is the angular frequency and c(@)is the frequency

dependent velocity. When the wave is filtered by a narrow-band filter around the frequency @y, if P((o‘o) is the

spectral power density and & the Dirac function, it follows that:

D(w) = P(w,)d(w — @,) 4
Therefore Eq. (3) becomes:
0. 0,) = P(w ) cos(— 0 o ) £ )
0
and if we define the spatial auto-correlation ratio as :
¢(§7 w(] ) (6)
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It follows that:

P& @) = cos(—20_ &) @)

0
c(@,)

This relationship may then be inverted in order to obtain the dispersion curve c(@,) .

When the direction of propagation of the considered wave is not known, Eq. (7) should be expressed in a
different way. Let r and ¢ be respectively the distance and azimuth of the direction between the stations. If 0 is
the azimuth of propagation, Eq. (7) becomes:

a
p(r. 9.,) = cos(———cos(— ¢) ®)
c(@,)
in general, 0 is not known. It is thus necessary to introduce an azimuthal average of the auto-correlation ratio:
— 17
p(r.0)=—[ p(r.p.0,)d9 ©)
0

Then, for a wave filtered around @, using Eq. (8), we obtain:

() = J, (-2 (10)
c(ay)

where J (x) is the Bessel function of zero order: Jo(x)=1/ ”J' cos(xcos(@)) dg - Therefore, in the case of a

0

Rayleigh wave recorded by vertical components and dropping the index of frequency @, , Eq. (10) gives:
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p.(ro)=1,-25) (1)
‘ )

where ¢, (@) is the phase velocity of the dispersive Rayleigh waves. The term ;Z(r, ) in Eq. (11) can be
obtained by measuring p (r,@,¢) for several stations located on a semi-circle of radius r with a reference

station at the center. Knowing E(r,w) at different values of the frequency, the phase velocity ¢, (@) can be
computed [2].

Tehran Experiment

The previous studies have shown a controversial results regarding the natural periods of the alluvium and
corresponding amplification ratio for this part of the city. The 1D analytical transfer function estimation ([3],
[4]), using SHAKE program and considering a layer with Vs greater than 700 m/s as a seismic bedrock, result in
the fundamental frequencies generally higher than 2 Hz and a small to moderate amplification ratios. In contrast
to this conclusion the experimental evaluation of site effect, using site/reference spectral ratio method on the
earthquake records ([5], [6]), revealed a very high amplification for a large band of frequencies, beginning at a
very low frequencies (Fig.1). In the current state of knowledge on the underlying structure of Teheran two explications
can be proposed for describing this controversial results: The existence of a very deep (500 m to 1 Km) impedance
contrast and the second; A 2D or 3D site effect [6].

These possible explanations should be verified by gathering some information about underlying subsurface
structure of Tehran and the Vs profile for the alluvium. Two sites in the south of Tehran near to MOF station in
Figure 1 have been chosen in this regard (Fig. 2) for which a series of microtremeor array measurements have
been conducted in this study. The first one is situated in Girls’ Technical College of Dr. Shariaty located in
Khani Abad district, on the northern edge of Azadegan bypass and the second one is located in Abdol Abad
district. In this paper we present the preliminary results obtained by the second measurement.

Two concentric circle array with radius of 10 and 20 meters (Fig. 3) were conducted from 2007/11/05 to

2007/11/07. The CMG6TD Guralp seismological stations were used and an accurate, absolute timing was
obtained through GPS receivers connected to the station.
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Figure 1- Site/reference spectral ratio obtained by a temporary seismological network in Tehran (Haghshenas, 2003)
the refernce site was located in Jamshidieh Park at the north of the city. The figure show an important site
amplification and low fundamental frequencies specially for the sites in the southwest of area (Station MOF, SHL and
FAR, respectively for Mofarah Hospital, Charbari district and Farabai Hospital)
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Figure 2. Location of the array measurements on the Tehran map, the large circle denotes the Technical College of
Dr. Shariaty located in Khani Abad district and the second one is located in Abdol Abad district.
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Figure 3— Array layout and location of 17 receivers for Abdol Abad array

Signal processing
The continuous data records have been broken down to one hour time segments, each of them has been
processed with the help of the SESARRAY ambient noise processing package [7] for both of the H/V single
station technique and SPAC method. The total length of 1 hour recording were selected and used to process by
dividing it into 50 sec time windows.

Figure 4 shows the result of estimating the array validity range for the large array (20m diameter) including: (a)
theoretical array response in wave-number space. The small and large black circles are located at Kmin/2 and
Kmax, respectively. (b) azimuthal cross-sections plotted in the direction marked by black line in (a). (c) The
validity limits of dispersion curve; Kmin/2 (thin continuous line), Kmin (lower thin dotted line), Kmax/2 (upper
thin dotted line), Kmax (thin dashed line).






