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SUMMARY :

Because of ambient vibration benefits in soil seismic properties estimation, several precious researches have
been done up to now especialy by single station methods. Combining surface wave dispersion curves with the
elipticity of the fundamental mode Rayleigh waves has the advantage of defining the total depth of the soft
sediments (Fh et al., 2008).

Recording methods using 3D seismometers have the determinant role in data interpretation process. There are
various ways for seismometers installation on ground and there are several restrictions due to some precast
structures (e.g. pavements, asphalt or foundations). Signals may be influenced by some of these conditions that
lead to discover different results for an individual sitein various seismometer installation situations.

In this study several installation situations was tested to compare estimated soil properties (e.g. Vs profile based
on derived dlipticity curve from H/V spectra ratios analysis (HVTFA)) to evaluate reliability of each
seismometer indallation method.
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1. INTRODUCTION

Among several proposed microtremor methods, the H/V technique (e.g. Nakamura, 1989) has proven
very convenient for estimating the fundamental frequency of soft deposits (e.g. Tokimatsu, 1997;
Bard, 1998; Bonnefoy-Claudet et al., 2006a). This method allows detailed mapping of this frequency
within urban areas. In one-dimensional structures, average H/V spectral ratios can also be used to
estimate the elipticity of the fundamental mode Rayleigh wave (e.g. Yamanaka et al., 1994). In the P-
SV case, the dlipticity of the ground motion at the free surface is defined as the ratio between the
horizontal and vertical displacement eigen-functions at each frequency. Ellipticity is detectablein H/V
spectral ratios between the peak at the fundamental frequency of resonance and the first minimum at
higher frequency (e.g. Fah et al., 2001). The shape of the H/V ratio around its maximum peak can thus
be used to estimate a shear-wave velocity profile Yamanaka et al. (1994), Satoh & al. (2001), and
Parolai et al. (2006) applied this approach to deep sedimentary basins, while Fah & al. (2001, 2003)
used it for shallow sites (NERIES, 2010). This dlipticity-based method applies only to sites presenting
a strong S-wave velocity between sediments and bedrock and when sources are near (4 to 50 times the
layer thickness) and close to the surface (Bonnefoy-Claudet et al., 2006b).

Most seismic codes adopt the average shear-wave velocity as a key parameter in the first 30 m of
subsoil (Vsz). Estimates of Vs are therefore required for both large- and small-scale seismic
microzonation. Some techniques have proposed to measure the V sz, based on the horizontal to vertical
spectral ratio (H/V) of microtremor recorded at a single station (e.g. Castellaro et al., 2009). By these
methods the H/V is fitted with a synthetic curve using the independently known thickness of a
superficial layer of the subsoil as a constraint. These proposed procedures consist of three steps:
(1) identify the depth of a shallow stratigraphic horizon from independent geotechnical data,
(2) identify its corresponding H/V marker, and (3) use it as a constraint to fit the experimental H/V
curve with the theoretical one. (Castdlaro et al., 2009)



2. PROBLEM EXPLANATION

Recent researches indicate recording operation is influenced by several factors including atmospheric
and weather conditions, wave's property and source (eg. natural, human) and system installation
conditions. The last one is more controllable. In other words, there are various ways for seismometers
installation on a site ground including: direct contact with virgin soil layer (i.e. immediacy) and or
using artificial contact (e.g. stedl plate, thin sand layer, pavement, etc.). Sometimes, precast area with
concrete (e.g. on top of foundation) or asphalt (e.g. on aroad) may constrain recording operation. (See
Fig. 2.1.)
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Figure 2.1. Some hardshipsin seismometer set up operation.

Let's review some notes from SESAME (2004):
1) Avoid plates from "soft" materials such as foam rubber, cardboard, etc.
2) On steep slopes that do not allow correct sensor leveling, install the sensor in a sand pile or in
acontainer filled with sand.
3) On snow or ice, install a metallic or wooden plate or a container filled with sand to avoid
sensor tilting due to local melting.

Always there is a concern that above-mentioned conditions may cause undesirable effects on signals
and analysis results. So in this study, at first we consider the validity of results (e.g. the derived Vs
profile) of records on virgin soil, then we will compare several setting situations with setting of
seismometer (i.e. on virgin soil). Also the effects of recording time duration is surveyed.

3. BASIC PRINCIPLE OF HVTFA METHOD

In the time-frequency method of H/V computation, the H/V ratio is not computed from the whole
spectra for vertical and horizontal components of the ambient noise signal as in the classical spectral
ratio method. Instead, the time-frequency representations of the vertical and both horizontal
components are computed using CWT (Continuous Wave et Transform) as defined by Egn. 3.1 for a
real function x(t) with respect to an analyzing wavelet y (t) . (NORIES, 2010)
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Where parameter a isthe dilatation (scaling) parameter and b is the translation parameter. If t isatime,
then scale a is inversely proportional to frequency and b is a tranglation in time. Functions (t) (a b
are defined as Eqgn. 3.2 and generated by scaling and tranglating the mother wavelet w(t) , forming a
set of analyzing wavelets, while the width of an analyzing wavelet in the time or spectral domain is

proportional to a. Such a set of functions is called a wavelet family, or more simply wavelets.
Moreover, in general, the wavelet function y (t) has to satisfy the admissibility condition (Daubechies,

1992).
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Then the wavelet representations of both horizontal components are merged into one (CWTH) by Eqn.
3.3 asfollows:
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Where CWrys and CWrgy are complex representations of the CWT for all horizontal components. The
ratio between horizontal and vertical values is saved for each maximum found on the vertical
component. This process is repeated for all frequencies (f;). For each frequency, the saved ratios are
analyzed statistically. A histogram is drawn for each frequency with a log scale. In an ideal case of
separated modes of Rayleigh waves, the 2D histogram should exhibit a well defined ridge, with its
crest corresponding to the ellipticity. (NORIES, 2010)

Two options were considered for extracting the ellipticity curve from the histogram: first, dlipticity is
estimated from the average (geometrical mean) of the histogram values (the probability density
function, PDF) for a certain frequency; second, it is assessed by manual picks. Parts of the histogram
are influenced by the Rayleigh wave contribution only. The highest values of the PDF at a certain
frequency (represented by colors of the histogram) correspond to elipticity at this frequency. Rdiable
picking of these values is easy. However, other parts of the histogram may be influenced by
contributions from other waves on the horizontal component with frequency content and arrival times
similar to those of Rayleigh waves on the vertical component. (NORIES, 2010)

4. RECORD COLLECTION

4.1. Instrument

A 3D component seismometer (CMG-6TD, Guralp modd) was utilized to record data. Other
instruments contain; a laptop, a compass, a GPS and rd ative wires.

Also some materials were used to make similarity in real situations and practical ones like a stedl plate
and sand as well as mosaic and mortar etc.

4.2. Site Location
We performed this exploration in a site located in northern area of Iran (36°39'15.5"N 51°29'29.5"E).

Distance to Elburz Mountains is about 5km and distance to Caspian Sea is about 1km. (see Fig. 4.1)
Thesiteis lied on a 20m soft layer (SPT4,4=10) of marine deposit (SC-SM), and then on the bedrock.
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Figure 4.1. The sitelocation: north area of Iran (36°39'15.5"N 51°29'29.5"E).
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Figure 4.2. Various Situationsin sgnal recording operation:
asStl , bSt2 , ¢St3 , dSt4 , eSits , f)Sit6 (i.e onthevirgin soil)

4.3. Weather Condition

The weather was sunny, (hot and humid: approximately, 30°C and 80%) in all recording times. No rain
and no strong wind (>5m/s) were observed.

4.4. Situations Description

The records have been collected in 6 situations as following: (according to Fig. 4.2)

e Sitl: Balcony (Contains: about 2.5cm mosaic + 2cm cement mortar + 50cm basement aggregates
on the virgin soil).

e Sit2: Concrete pavement (Contains: about 5cm concrete + 30cm basement aggregates on the
virgin sail).

e Sit3: Sted plate & sand (Contains: a stedl plate (20 x 20 x 1cm) + 3cm marine sand on the virgin
soil).

e Sit4: Sand (Contains: 3cm marine sand on the virgin soil).

o Sit5: Sted plate (Contains: a stedl plate (20 x 20 x 1cm) on the virgin soil).

e Sit6: Virgin soil (i.e. directly on the virgin soil).

4.5. Recording Time Duration

For the situations (1-5) recording time durations were 1 hour. In order to determine a suitable time
duration for recording, we decided to compare situation sité (i.e. on virgin soil) results by 1 hour
duration with one recording in the same situation but a 7-hours record. So as a result, we may evaluate
therdiability of 1 hour recording duration and universalize the results to the long ones.

5. ANALYSIS PROCEDURE

5.1. Software Introduction

We have used GEOPSY.org package that is a novel programming product in ambient vibration
processes (www.GEOPSY .org) including both single and array capabilities as well as a powerful
inversion processor (DINVER) that uses neighborhood algorithm which is one of the newest ones.

For HVTFA analysis, it presents a user friendly screen and options. Unfortunately, we did not bring
the all pretty and comprehensive graphical outputs in this paper (due to the space dearth) but we
concluded those output results in some graphs for comparison puporses instead.

5.2. Analysis Steps

The analysis has 3 principal steps as follows:



HVTFA analysis (computation of H/V curves with a time-frequency analysis using wavelet
transform as described above, theoretically)

Ellipticity curve extraction (success in this part is related to interpreter by the geotechnical
experiences).

Inversion process to derive an accurate Vs profile.

The program uses the algorithm for an HVTFA analysis as follows (NERIES, 2010):

1- For al three components, the average value is subtracted (DC removal) and the Fourier spectra
are calculated.
2- The modified Morlet wavelet in the frequency domain centered around the frequency fc is given

by Egn. 5.1 asfollows:

(5.1)

Where, f is the frequency, @, is the first Morlet parameter (> 5.5), and m is the second Morlet
parameter. This function is convoluted with the three components and then transformed back into
the time domain, providing a complex signal there; , is set to 6 and only m is kept as a varying
parameter (in this exploration is converged to 10) .

3- The complex signals for horizontal components (North and East) are grouped together with a
vectorial combination as Egn. 5.2.

VNorth? + East? (5.2

4- The absolute values of the complex vertical and the complex, combined horizontal components
are calculated.

5- For al maxima (including the local) on the vertical component, the time and amplitude are kept.
Amplitudes on the horizontal component are measured at times shifted by +/-90° relative to the
vertical peaks.

6- All amplitudes and the ratios of the horizontal over vertical amplitudes are output.

7- Thepoints 2 to 6 arerepeated for all frequencies fc chosen by the user.

5.2. Inversion Parameter Setting

Some parameters that were set in DINVER for theinversion analysis arelisted in Table 5.1.

Table 5.1. Some parameters are set in DINVER for theinversion analysis.

Nu .
Vp Vs Poisson's Ratio Run setting
Range Bottom Range Bottom i Run
(m/s) | Depth(m) | (m/s) | Depth (m) 0.2-05 name | 'tMex | NSO Ns 1 Nr
RHO (Density)
300-1500 | |inkedto | 150-700 20-100 (kg/m3) Run_1 50 50 [ 50 | 50
1000-3000 Vs 200-2000 - Run_2 50 50 [ 50 | 50
2000
Vpoe>Vpl Vs>Vsl Run_3 50 50 50 50




6. Performed runs and their results

At first, we performed two run groups on the recorded signals on the virgin soil directly (1-hour and 7-
hour) to show the reliability of the 1-hour recording duration. (See the derived Ellipticity curves
comparison in Fig. 6.1 and the onefor Vs profilein Fig. 6.2a.). We defined some detect errors criterias
(e.g. Vs%Miss, Boun%Miss, Ev30 and Eb30 for estimation of the Vs average in the first 30m of the
ground) in Egn. 6.1 to Eqgn. 6.4, respectively which calculated and shown in Fig. 6.2b.

Vs —Vs.
Vs% Miss = —UCe 1,100 (6.1)
SSOUTCG

Where VSsource IS the source Shear Wave (SW) velocity with more reliable conditions (e.g. it is VS7hour
for time effects evaluations) and Vs; is the other SW velocity that we want to compare with the source.
The Vs%Miss can be calculated in each depth and results a profile (e.g. Fig. 6.2b and Fig. 6.6b).

H .
Boun% Miss = —24€€ 1,100 (6.2)
source

Where Hsource 1S the sourcefirst ground layer thickness with more reliable condition (e.g. it is Hzpour in
the time effects evaluation) and H; is the other first ground layer estimated thickness that we want to
compare with the source. (e.g. Fig. 6.2b and Fig. 6.7b).
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Figure 6.1. A time effect evaluation (1hr and 7hr) of derived Ellipticity curves (frequency: 1-6Hz) on virgin soil.
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Figure 6.2. A time effect evaluation (1hr and 7hr) of derived Vs profiles (depth: 0-40m) on virgin soil:
a) Vsprofile against depth comparison. b) Boundary and Vs %Miss (Eqns.6.1to 6.4).
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Figure 6.3. HVTFA outputs (Ellipticity H/V against Frequency range: 0.5-15Hz) for various situations:
asStl , bSt2 , ¢St3 , dSt4 , ¢Sts , f)Sit6(i.e onthevirginsail)
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We performed several runs for various situations (defined in part 4.4) recorded data. The HVTFA
results of the situations 1-6 are shown in Fig. 6.3 as well as derived Vs profiles (i.e. Dinver inversion
outputs) in Fig. 6.4. The comparison of all ones have presented in Fig. 6.5 (i.e. the Ellipticity curve)
and Fig. 6.6a (i.e. the Vs prafile).

Also we used the other detect errors criterias as Evsy and Ebs, for the first 30m of the ground (very
similar to Davoodi et.al, 2008 definitions for Eb and Ev) which are presented as Eqgn. 6.3 and Eqgn. 6.4
and the time duration effect results are shown in Fig. 6.2b.
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Figure 6.5. Comparison of inversion outputs (Ellipticity curvesin frequency range: 1-6Hz) in various situations.
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7. Discussion and Conclusion

The obtained results in this exploration may be summarized as follows:

1) For atime duration effects evaluation (Fig. 6.2b) , in estimation of first deposit layer thickness,
Boun%MIiss equation shows a value of -5% as well as in estimation of Vs profile that Vs%Miss
shows values bellow 6% in throughout of the profile. Also, Cumulative detect errors criteriain
first subsurface 30 meter eg. Evsg, Epso represent 5.83% and 15% , respectively that both are
below 20%. Thus these results can confirm acceptable reliability in 1-hour recordsin this site.

2) All situations (defined in 4.4) have shown values bellow 20% for all detect errors criteria (e.g.
Boun%Miss, Vs%Miss, Evsy and Epz) that may confirm acceptable reliability in all situations
recording operations (Fig 6.6b and Fig 6.7) in this site. However in estimation of deposit layer
thickness, Sit4 and Sit5 show minimum misfit and Sitl and Sit2 show maximum one. Also in
estimation of Vs profile and Vs;o, Sitl shows minimum misfit and Sit3 shows maximum misfit.

3) To continue this exploration, the effects of other recording situations on soft and hard deposits
characters or some other techniques may be studied to control weather conditions restrictions.
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