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ABSTRACT

This paper aims to study on the soil dynamic characteristics of central part of Shiraz city near the monument
of Persepolis, southwest of Iran. Parameters investigated are natural period of soil sediment. The technique
used to obtain these parameters is microtremor measurements. Microtremor measurement was performed in
120 stations in the city. Two 15 minutes data were recorded at each station. Segmental Cross Spectra were
applied to calculate spectra. Nakamura's method (H/V) was used for analyzing the measured data. At each
site, natural period values were obtained. Iso-period map of this part of city was prepared. The calculated
natural periods were compared to those obtained through one dimensional analysis for some existing
geotechnical borehole information. It showed that the predicted fundamental period of microtremor method is
well comparable to that of one dimensional analysis.
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INTRODUCTION

The ground is always vibrating at minute amplitudes. Microtremors are ambient vibrations of the ground caused
by natural or artificial disturbances such as wind, sea waves, traffic and industrial machinery. The amplitude
level of the microtremor is typically less than several microns. Seismometers of high sensitivity are used for
microtremor measurements (TC4 1993). The application of microtremors to determine dynamic characteristics
(natural period and amplification factor) of soil layers was pioneered by Kanai and Tanaka (Kanai, K. and
Tanaka, T. 1954), (Kanai, K. and Tanaka, T. 1961). Nowadays microtremor measurements are generalized in
site characterization due to their simplicity, low cost and minimal disturbance to other activities.

Methods for analyzing microtremors are generally divided into two main categories: non-reference site (H/V)
and reference site (Hs/Hr) techniques. In (Hs/Hr) method, assumptions are that at nearby sites, source and path
effects are believed to be identical and reference site is free of any site effect. Therefore, motion recorded at the
reference station is representative of the excitation arriving at the interface sediments under the soft soil site and
spectral ratio, (Hs/Hr), constitute a reliable estimate of site response. In other words, by dividing horizontal
spectrum of the measured microtremor on sediment to the horizontal spectrum of the record on reference site,
transfer function of soil can be obtained. This technique, introduced first by Borcherdt (Borcherdt, R. D. 1970),
is still widely used and is very popular for the analysis of weak or strong motion records. It has been applied to
microtremors by Kagami et al. (Kagami, H., Okada, S., shiono, K., Oner, M., Dravinski, M. and Mal, A. k.
1986) with good results. A technique using horizontal to vertical spectral ratios (H/V) of the microtremors,
which was first applied by Nogoshi and Igarashi (Nogoshi, M. and Igarashi, T. 1970), (Nogoshi, M. and
Igarashi, T. 1971) and popularized by Nakamura (Nakamura, Y. 1989), has been widely used to estimate the site
effects. Several recent applications of this technique have proved to be effective in estimating natural periods
(Field, E. H. and Jacob, K. H. 1993), (Ohmachi, T., Konno, K., Endoh, T. and Toshinawa, T. 1994) as well as
relatively amplification factors (Lermo, J. and Chavez-Garcia, F. J. 1994), (Konno, K. and Ohmachi, T. 1995).

Several methods have been proposed for spectral calculation of ground motions including microtremors.
Fourier spectrum is the most convenient one that is used widely. Some investigations showed that different
methods give similar results (Dimitriu, P. P., Papaioannou, Ch. and Theodulidis, N. P. 1998). However some
researchers declare that a suitable spectral method gives more reliable results. For instance Ghaemmaghamiyan
and Kawakami investigated the aspects of spectral analysis of microtremors (Ghayamghamian, M. R. and
Kawakami, H. 1997). They introduced segmental cross-spectrum (SCS), as an effective tool for compensating
unknown effects like source effects and noise in input and output measurements. They evaluated the



performance of (SCS) in contrast with the conventional methods, i.e. Fourier or power spectra through the
mathematical modeling and numerical simulations. Results of their studies indicated that (SCS) give more
reliable results for both amplification factor and natural resonance frequency of the site than the conventional
methods (Ghayamghamian, M. R. and Kawakami, H. 1997).

MICROTREMOR MEASUREMENT

Microtremor measurement was performed in 120 sites in central part of Shiraz city on December 2006. To
assess accuracy of the microtremor measurement and influence of time of measurements on results, microtremor
measurements repeated in 104 sites on June 2007. Figure 1 shows the distribution of these sites in Shiraz city.
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Figure 1 - Microtremor measurement points in Shiraz city

The equipment used to record the microtremors was a seismometer with 0.5 Hz natural frequency by
Sedisfore, Germany (Fig.2). Seismometers comprise three components, which can record the two horizontal
motions (in longitudinal and latitudinal directions) and the vertical motion. Sampling frequency is 500Hz and
the length of each record is 15 min. Measurement was repeated two times at each observation point.

Figure 2 - Microtremor measurement in Shiraz city



In observation procedure, special emphasis was given to minimize artificial noises due to traffic and human
activities. Figure 3 shows a typical record at site 11.
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Figure 3 - Microtremor recorded at site 11

To process microtremor data, a computer program was developed in MATLAB, using the Signal Processing
Toolbox. In order to find the best processing method, a special emphasis was given to the processing procedure
of microtremors as signals. A time window length of 20 seconds with an overlapping value of 10% and a
Hamming window type were distinguished to be the best choices in the processing of microtremor data.

SEISMIC MICROZONATION MAPS
At each site, data were analyzed using H/V technique. Segmental cross spectrum was used for spectral
calculation. In Figure 4, for example, a H/V spectral ratio curves are shown.
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Figure 4 - H/V spectral ratio curve



Natural period values at each site were determined and based on the obtained results iso-period map of
central part of Shiraz city was prepared. This microzonation map is presented in Figure 5. Because of low
accuracy of amplification factors that achieved by microtremor measurements, this factor is neglected in this
study.

Iso-period map shown in figure 5 shows a zone from northwest to southeast which having higher natural
period. From geological point of view a river that crosses the city from northwest to southeast could create such
high period zone. Moreover the natural period increase inside this zone from northwest to southeast. It seems
thicker and probably finer deposits are formed in downstream side of the river that flows from northwest to
southeast. Parallel to this zone a low period zone could be recognized in northern part. It is worthy to note that
this area is a hillside with clear rock outcropping.
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Figure 5 — Iso period map based on microtremor measurements

COMPARISON OF TWO SERIES OF MEASURMENTS

It is of interested to examine that whether the obtained predominant period of each site is the same, if different
records are used. In other word the H/V curves should be stationary. Therefore as noted before measurements
were repeated in 104 sites, after analyzing the records the results showed that time didn’t influence the spectral
ratio (H/V) of the microtremors. In figure 6 the spectral ratio (H/V) of the microtremors in some sites that
repeated in second series of recordings are compared. As it shown the results are similar and peaks of (H/V)
diagrams didn’t change with time of records.
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Figure 6 — Comparison of two series of records

COMPARISON OF RESULTS OF MICROTREMOR MEASURMENT AND INFORMATION
OF EXISTING GEOTECHNICAL BOREHOLES

In order to assess accuracy of calculated ground natural period, the results compared to those obtained through
analysis of some existing geotechnical borehole information. Geotechnical information such as soil type, density
and SPT blow count (Nspt) was obtained from borehole reports of 44 sites. Based on the existing empirical
relations between shear wave velocity (Vs) and Nspt, Vs was estimated for different layers in each borehole and
one dimensional equivalent linear analysis was performed for each site. The experimental relations used in this
part are:

1. Vi =84N%* (Ohba & Trauma)
2. V,=69N°"D°’EF  (Ohta & Goto 1978)
3. V,=6IN% (Seed & Idriss 1981)

The average amount of shear wave velocity from these relations is used for one dimensional analysis. The
earthquakes which used in present study are summarized in Table 1. All acceleration time histories have been
recorded on the rock or stiff soil (Vs>750m/s).



Table 1- Earthquake Records

Epicentral Peak Station
Earthquake | Distance | Acceleration
Name
(km) (9
Tabas 37 0.3 Dayhook
Manjil 43 0.50 Abbar
Northridge 36.1 0.23 MT Wilson

All the time histories are scaled to 0.2g and then applied to the considered soil layers. Transfer functions
which produced by one dimensional analysis are performed for two boreholes in figure 7.
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Figure7 — Transfer function of boreholes No.26 and No.28 respectively

Microzonation map was prepared based on quantities of natural periods of one dimensional analysis and are
presented in figure 8. As shown in this figure the natural period one dimensional analysis increases in a centric
zone this is compatible to those obtained from microtremore measurements. Nevertheless natural periods that
were obtained from one dimensional analysis are smaller than those obtained from microtremores. This could be
due to poor estimation Vs based on empirical equations. It should also be noted that the number of borehole data
were less than those of microtremores. However it seems there is a zone in central part from northwest to
southeast of the city that has higher natural period. The same observation can be concluded from figure 5. It is
interesting to know that the mentioned zone is a river side that crosses the city from northwest to southeast.



COCLUSION

Figure 8 — Iso period map based on geotechnical boreholes information

Two seismic microzonation iso-period maps for central part of Shiraz city were prepared by means of
microtremor measurements and one dimensional analysis of geotechnical boreholes. 1so-period map by using
microtremors is in a good agreement with that of one dimensional analysis. According to the presented iso-
period maps it can be concluded that:

1. Natural period of sediments in central part of the studied area are larger than periods in
western and eastern marginal parts. It may show that the depth of sediments in central part is
larger.

2. As it shown in geological reports the eastern part is hillside. Therefore the natural periods
could be as small as those estimated by microtremors.

3. Because of existence of a river crossing the city from northwest to southeast and possibility of
thick and soft sediments in this area the higher period zone look reasonable.

4. Natural periods of sediments increase from northwest to southeast. The reason can be thicker
and probably finer deposits are formed in downstream side of the river that flows from
northwest to southeast.

5. Natural periods that obtain by one dimensional analysis of boreholes are smaller than those
obtain from microtremore measurements. However a higher period zone is almost similar in
both maps.
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