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I/ ABSTRACT

This article deals with a microtremor survey, which was carried out at 42 sites of CSIR-NGRI Campus
(area: ~0.65 km?), Hyderabad, India using a Tromino 3G ENGY for the measurement of 20-minute
interval each with the frequency of 512 Hz. The collected data were analyzed to attain a horizontal to
vertical (H/V) spectral ratio of the noise spectrum with the aid of GRILLA software. The frequency
corresponding to the first dominant peak of the average H/V spectrum plot was considered as the resonant
frequency of that particular site. The processing included in Fourier Transformation, smoothing (~10%)
with Triangular Window, and estimating the velocity of shear wave and soil thickness based on peaks
were identified on the H/V spectral ratio from the ambient noise. The results indicate that the estimated
resonance frequency varies from 52.81 to 102.81 Hz, with an average of 85.36 Hz. It is comparatively
high in the elevated area, implying the thinning of shallow seismic contrast layers. In the intermediate
elevated area, this frequency decreases, and it gives the result of a thick overlaid layer. The soil thickness
estimated is an average of 0.56 m with the shear wave velocity range of 143-190 m/s, with an average of
152 m/s. This H/V spectral ratio technique is very cost-effective for mapping the resonance frequency of
any place except farmland, marshland or any place having soft soil layer.
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INTRODUCTION

Originally, the horizontal to vertical (H/V) spectral ratio technique coined to evaluate the seismic risk
in Japan (Nagoshi and Igarashi, 1971; Nakamura, 1989). It is well-known that a significance of
oscillating horizontal shear waves arriving from underground at a fundamental resonant frequency
of the loose sediment leads to produce shaking of the surficial sediment. At this conjecture, the
horizontal oscillation is amplified with respect to the vertical oscillation because of the maximum part
of the shear wave is trapped within the loose sediment at this frequency. Therefore, an average
spectra of the horizontal components divided to the vertical components has been produced as a
dominant peak at the fundamental resonant frequency of the sediment on a three-component seismic
record, which is clearly recorded by Tromino 3G ENGY (Micromed, 2012). This Tromino is a
seismometer that is useful for the resolution of ambient noise measurements (Stanko et al., 2019). The
ground ambient noise measured is to detect resonance frequency of sub-soil in a passive, fast and

— e = = ———



N.C. Mondal and S.K. Rajewar

inexpensive way. The shear wave (Vs) velocity is very difficult to measure in deep soil, but using the
Tromino device, we can evaluate the layer of the ground and also the parameters of soil. Of course,
this soil thickness could be estimated using electrical method (Singh et al. 2009; Mondal et al., 2008,
2013, 2016-18, 2020).

We have in mind everything is noise, which is created from different sources such as tides,
sea waves, water flow in streams, rain and wind, etc. So it is difficult to define those vibrations, which
have natural or anthropogenic characters. The ambient noise sources are classified using their
frequency range (Gutenberg, 1958), as an example, frequency < 0.5 Hz caused by large scales
meteorological and oceanic conditions. Frequency ~ 1.0 Hz is caused from wind effect and regional
meteorological condition, whereas the frequency >1.0 Hz caused by human activity (Ibs-von Seht and
Wohlenberg, 1999). Uses of the ambient noise are mainly focused on seismic micro-zonation of any
places/ cities using the H/V Spectral ratio. This ratio has found a wide application (Parolai et al.,
2001; D’Amico et al., 2004; Gueguen et al., 2007; Biswas et al., 2015; Chabane et al., 2017; Picotti et al.,
2017; Anthiraikili, 2020).

It is noted that the relationships in between the H/V ratios and thickness of sediments were
well-established, and the results were appreciable when it was correlated with nearby borehole
lithology (Parolai et al., 2001). The thickness of Quaternary sediments covering carbonate and
terrigenous bedrock in Le Piane basin in Italy was estimated from the resonance frequency and then
compared with the results of S-wave velocity profile (D’ Amico et al., 2004). The sediment thickness (>
900 m) estimated by a micro-gravimetric survey at the edges of Grenoble Valley (France) was
compared with the resonance frequencies (Gueguen et al., 2007). It was also estimated the shear wave
velocity ranges of 200 to 550 m/s in the sediment thickness of 10 to 80 m in Shillong of Meghalaya
state in North-East India with the aid of H/V ratio technique (Biswas et al., 2015). Further, the H/V
ambient vibration had strengthened the electric resistivity tomography to mapping the sub-surface
structures in Algiers city (Chabane et al., 2017). It was applied in several glaciers in Italy, Switzerland,
and West Antarctica for estimating ice thickness (Picotti et al., 2017). The H/V ratios were well-
correlated with the estimated ice thickness up to the maximum thickness of 800 m. In Indo-Ganetic
Plain, an empirical relation had also been established between resonant frequency obtained from the
H/V ratio and the thickness of sediment observed nearby the exiting drilled borehole lithology
(Anthiraikili, 2020). Mostly the application of the H/V spectral ratios recorded in the frequency range
of 0.1 to 512 Hz, which are largely caused by the cultural activities (Bonnefoy-Claudet et al., 2006).
Thus the objectives of this article are to (1) calculate resonance frequency, (2) estimating soil thickness,
and (3) shear wave velocity in CSIR-NGRI Campus, which is located in a largely cultural noise and
capital city Hyderabad, Southern India.

Brief of the Experimental Site

The experimental site located in Hyderabad city, the capital of Telangana State in Southern India, is
the Campus of CSIR-National Geophysical Research Institute (NGRI) (Figure 1). It is spread over an
area about 0.65 km? is located in the south-east of Secunderabad at Longitude; 78°32'48" to 78°33'24"E
and Latitude: 17°24'24" to 17°25'08"N. The area has undulating topography with an elevation range
from 494 to 519 meters, above mean sea level (m, amsl), with an average of 508 m, amsl. The elevation
map shows the gradient slope towards the south-east direction (Figure 1). In the North, the map
shows comparatively higher elevation as well as in the North-West, but it is in opposite nature in the
South-East direction decreasing from 519 to 494 m, amsl. In the central area, some circular yellow
parts show a high elevation as compared to its surrounding area. The slope of the area is from north-
west to south-east direction. Pedda Cheruvu Lake lies in the N-NE of the area. The area is mostly
forest area, and there are also present some governmental constructed buildings. The dendritic
drainage pattern exists in and around the study area and ultimately meets the Musi River located
towards the South. Geologically, it comes under the Precambrian grey granite-gneissic complex with
dolerite intrusive and many outcrops (Krishnan, 1960). Red soil of varying thicknesses forms top
layer within the CSIR-NGRI Campus. This top layer is underlain by weathered granite of
considerable thickness followed by massive granites which may or may not be fractured/faulted. The
contact zone in granites is favorable for weathering and forming the weathered and semi-weathered

151 | BPAS / Vol. 39-F, Geology (Geological Science), No. 2 / July-December 2020



Estimating Soil Thickness using the H/V Spectral Ratio Technique in CSIR-NGRI Campus,
Hyderabad, India

layers at the shallow depths, and the fractures and joints in massive rocks, creating potential zones for
groundwater development.

MATERIALS AND METHODS

Estimation of Resonance Frequency

In the seismically contrast layer, the fundamental resonant frequency adequately represents the H/V
spectral ratio peak. It can be empirically related to the thickness of the first top layer if the stratified
layers are flat with a strong acoustic impedance contrast (> 2.5) (Lane et al., 2008). The resonance
frequency of a uniform stratified first layer has been derived by Nakamura (1989) as below.

Vs
f=— 1
4h @)

where, fis resonance peak frequency (Hz), Vs is shear wave velocity (m/s), and h is thickness (m) of
the top stratified (sedimentary) layer.

Mostly, the equation (1) was used for estimating soil thickness and discussed in this article.

Instrument and Software

TROMINO 3G ENGY instrument, which allows reaching signal to noise ratios at a low frequency of
interest, was used to gather the ambient noise in a passive, non-intrusive, fast, and inexpensive way.
This instrument consists of 3-velocimetric channels for the measurement of seismic ambient noise
recording up to 15 mm/s. In addition, it also consists of an in-built GPS receiver along with the
internal and external antenna for positioning and absolute timing among other units. GRILLA
software has been developed by Manufacture Company of Tromino (Micromed, 2012) in a specific
way for processing and analysis of data recorded from the TROMINO 3G ENGY. This software is
divided into three main modules such as (1) vibration analysis, (2) determination and modeling of
H/V curves for stratigraphic, and (3) calculation of fundamental modes of structures vibration. Both
Tromino 3G ENGY and GRILLA software were used in this work.

Surface Wave Modeling

The Grilla software needs the input parameters of each layer such as 1) thickness of the layer in [m],
2) P-wave (Vp) velocity in [m/s] [input not requested to the user but calculated automatically], 3)
shear-wave (Vs) velocity in [m/s], and 4) density in 103 kg/m3 for surface waves modeling. The last
layer of the model was assumed to have an infinite thickness. The V, was compiled automatically on
the basis of the Vs values and Poisson’s ratios (range: 0 to 0.5) inserted by the user. Other parameters
for the synthetic model in soil used such as the frequency range of the lower (0 Hz) and upper (half
sampling rate) frequency limit for the synthetic H/V curve. The frequency step was 0.1 Hz for the
synthetic H/V calculation. It meant that the curve would be calculated at, e.g., 1.5, 1.6, 1.7, 1.8, etc.,
and it was an adequate step to model the curve down to 0.2 Hz. This same value was used for each
layer by setting the box, and foundation depth allowed to calculate the H/V curve at a depth different
from the free surface (0 m) (Micromed, 2012).

Data Collection and Interpretation

Within the frame of determination of frequencies of the ground and its geometrical shape, ambient
noise was recorded using the Tromino 3G ENGY instrument for 20-minute at each site. In total, 42
sites covering approximately area of 0.65 km? (Figure 1) were selected for the ambient noise recording
during January, 2018. The sampling rate for recording was 512 Hz and measured the vertical and
horizontal (E-W, N-S) directions vibrations of the ground. The locations of experimental sites were
also taken with the help of Handheld Garmin GPS, as shown in Figurel.
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Figure 1: Location map of CSIR-NGRI Campus, Hyderabad, India along with the TROMINO 3G
experimental sites

A Fourier Spectrum of each window was considered and then computed it. It was also analyzed and
smoothed by using the GRILLA software. In some points, the measurements had shown the higher
levels of noise. For this case, the triangular smoothing was used and the smoothing was taken up to
10% for getting the best result. Before interpreting the resulting curve in-terms of the sub-soil
dynamical properties, the possible occurrence of spurious H/V ratio peaks were checked due to
impulsive sources. For this purpose, the time stability of spectral ratios over the recording length was
also investigated. For a better estimation, the graphs of frequency had been separated into three
frequency classes corresponding to three depth classes.
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Table 1: Estimated

resonance frequency, soil thickness and shear velocities in CSIR-NGRI Campus, Hyderabad, India using Tromino 3G ENGY

instrument
Site | Topography | Resonance | Error | Soil Shear Shear Site Topography | Resonance | Error Soil Shear Shear
No. | (m, amsl) Frequency | (Hz) | Thickness | velocity (Vs, | velocity (Vs, | No. (m, amsl) Frequency | (Hz) Thickness | velocity | velocity
(Hz2) (m) in m/s) in|in m/s) in (Hz2) (m) Vs, in| (Vs, in
soil weathered m/s) in | m/s) in
zone soil weathered
zone

1 511 90.00 +0.15 | 0.56 145 378 22 507 100.63 +0.93 | 0.45 190 374

2 508 95.00 +0.50 | 0.49 147 390 23 513 77.81 +0.05 | 0.55 162 376

3 500 72.50 +0.32 | 0.72 145 375 24 506 79.38 +0.98 | 0.53 156 375

4 516 94.69 +0.16 | 0.50 147 390 25 498 97.44 +0.73 | 0.44 161 377

5 516 98.13 +0.51 | 0.50 146 379 26 504 75.63 +0.31 | 0.60 148 378

6 512 75.94 +0.18 | 0.56 152 374 27 505 96.25 +0.40 | 0.53 145 379

7 503 78.75 +0.38 | 0.60 146 377 28 501 99.53 +0.20 | 0.43 153 382

8 507 99.94 +0.38 | 0.47 146 380 29 508 71.25 +0.05 | 0.65 147 377

9 515 74.38 +0.17 | 0.66 144 372 30 507 102.81 +0.43 | 043 154 390

10 |511 94.38 +0.26 | 0.44 152 372 31 511 93.44 +1.68 | 0.46 153 390

11 | 511 79.06 +0.23 | 0.62 144 372 32 494 85.63 +0.37 | 0.60 143 372

12 | 504 81.56 +0.41 | 0.59 144 373 33 504 96.59 +0.25 | 0.46 167 382

13 | 514 72.72 +0.22 | 0.59 155 379 34 503 64.38 +0.34 | 0.79 143 369

14 | 511 83.44 +0.19 | 0.51 155 376 35 516 77.50 +0.23 | 0.56 153 379

15 | 509 100.00 +0.42 | 0.43 154 390 36 503 73.13 +055 | 0.59 151 378

16 | 506 72.50 +1.91 | 0.65 185 380 37 503 92.19 +0.17 | 0.56 145 378

17 | 519 99.59 +0.36 | 0.44 149 381 38 497 68.47 +1.79 | 0.77 143 369

18 | 505 85.28 +0.17 | 0.60 143 371 39 499 78.75 +0.13 | 0.64 144 374

19 | 504 78.75 +0.47 | 0.56 149 379 40 516 52.81 +0.22 |0.83 151 374

20 | 517 99.06 +0.38 | 0.43 155 382 41 507 90.31 +0.29 | 0.57 145 379

21 | 517 90.63 +2.09 | 0.58 145 378 42 504 94.69 +0.23 | 0.45 170 364
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Figure 2: Showing H/V spectral ratios at the (a) site-2, (b) site-18, (c) site-26; and time stabilities at the (d) site-2, (e) site-18, and (f) site-26
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They were for the shallow depth (10-512 Hz), (2) intermediate depth (1-10 Hz), and larger
depth (0.1-1 Hz). It had been observed that there were no deeper seismic contrast layers for the
frequency ranges of 0.1-10 Hz. The stability of the layer had been seen very clearly in most of the sites,
but also in some places, it was a blur. The approach was used to estimate the resonance frequency
using the H/V peak of the curve, as shown in Figure 2. The H/V ratio was obtained as 95.00 Hz with
an error of £ 0.50 Hz at the site-2 (Figure 2a) whereas the ratios were 85.28 and 75.63 Hz at the sites-18
and 26, respectively (Figures 2b, c) corresponding to the time stabilities shown in Figures 2d-f. After
completion of the analysis, the resonance frequencies obtained from the measurements are presented
in Table 1. It was observed that most of the H/V curves shown within + 1.00 Hz error, but in some
cases, it had exceeded + 1.00 Hz. It might have happened because of the local noise that comes from
vehicles, under construction area or due to the wind flow and cultural noise, etc. The estimated H/V
ratios have indicated that the resonance frequency ranges between 52.81 to 102.81 Hz, with an
average of 85.36 Hz.

For the estimating soil thickness, we used the synthetic subsoil model for getting shear wave
velocity, and from that thickness of that site. The recommended parameters of topsoil and weathered
zone (Sunil et al., 2016) were initially utilized in the synthetic sub-soil model preparation. Typically,
the densities in the range of 1.6-2.2 g m/cc and V, depending on Vs according to the Poisson’s ratio
(range, p=0.33-0.40), were used. In natural materials, being V, > Vs, the Poisson’s ratio was included
in the range of 0 to 0.5, and in the shallow sub-stratum, it varied between 0.30 and 0.49 (Micromed,
2012). The velocities of soil and weathered rock were used initially as 150 m/s and 400 m/s,
respectively. Whereas the densities were assigned as 1.8 and 1.9 gm/cc, and Poisson’s ratios as 0.33
and 0.40, respectively, for the topsoil and weathered zone (Sunil et al., 2016), to generate a synthetic
curve and match with the resonance curve by using the trial and error approaches. The best match
between the synthetic and resonance curves had provided the most plausible shear wave velocity and
thickness of soil for the site under consideration. The typical synthetic H/V models had been
developed and are presented for the sites-2,18, and 26 in Figures 3a-c. Corresponding to the
subsurface models are shown in Figures 3d-f. The soil thicknesses were estimated as 0.49, 0.60, and
0.60 m at the site-2, 18, and 26, respectively, whereas the shear wave velocities were 147, 143 and 148
m/s, respectively. Similarly, the soil thicknesses, and velocities in topsoil and weathered zones were
estimated at other sites, and also presented in Table 1.

RESULTS AND DISCUSSION

The H/V ratio method is very fast and inexpensive as compared to others, and also it helps to
determine the seismic contrast of layers (Pazzi et al., 2017). In total 42 Tromino measurements were
carried out at CSIR-NGRI Campus, Hyderabad in January, 2018. Then it had been analyzed using
GRILLA software for getting a reliable peak of resonance frequency (f). All the measurements had
given good peak frequency except in some cases where it had given rise to errors due to the local
disturbance. But it had been tackled with the 10% Triangular smoothing for getting well- defined
curves.

The H/V ratio spectra had shown that nearly all sites were giving the frequency range
between 52.81 to 102.81 Hz. As at the site-40 (located at the playground in NGRI School), the H/V
ratio was given near to 52.81 Hz, in time stability spectra we could see the stable layer showing
against the time. At the site-34 (located in the front of Research Scholar Hostel), the H/V ratio was
64.38 Hz, and the time stability had shown the unstable layer of top layer. Similarly, a few sites had
shown the stability of top layer and some of them were unstable. But the resonance frequency was
estimated in the range of 52.81 to 102.81 Hz. It means that the thin soil layer exists at all the
experimental sites. As frequency increases, the thickness of soil layer decreases (Figures 4, 5d). It
means that the thick of soil zone had shown the low frequency because they were stable, and the thin
layers given the high frequencies.
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By the interpretation with the help of GRILLA software, the resonance frequencies were
obtained for each site. The contours of resonance frequencies were compared with the topography
map of the study area, as shown in Figuresl, 4a. It implies that the resonance frequency in the central
part was low as compared to the boundary line of the Campus area. If it was compared with the
elevation, the result was shown that the green part range between 506-511 m, amsl having less
frequency as compared to the red part range of 514-519 m, amsl, and also in the blue part range of
498-503 m, amsl having less resonance frequency. It indicates that the green part of the map had a
thick soil layer where the more weathered deposition was taken place. The elevated part was shown
by the thin layer of the weathered zone as marked by red color (Figurel), and in the blue zone, it had
shown intermediate deposition as compared to other areas. To get a clear understanding of resonance
frequency distribution in the Campus area, a contour map of resonance frequency had been prepared
as shown in Figure 4a. Also using the synthetic curve model, we had estimated the soil thickness.
From this, a contour map of thickness had been prepared, as shown in Figure 4b. Both were inversely
related to each other (Figures 4, 5d).

The contour maps of shear wave velocities in soil, and weathered zone were made available.
It indicates that the shear wave velocity in soil ranges from 143 to 190 m/s, with an average of 152
m/s. It had ranged from 169-190 m/s in a few patches in the Northern and Southern parts of the area
where the shear wave velocity encountered in the range of 364-382 m/s in the weathered zone. The
shear velocity of > 382 m/s in the weathered zone was encountered in between NGRI-I & Il Gates,
where the resonance frequency was encountered comparatively high, and the estimated soil thickness
was low. We had made the cross plots among topography versus resonance frequency (Hz), soil
thickness (m), and shear velocity (Vs, in m/s) in the weathered zone. It was found that the
topography is directly proportional to the estimated resonance frequency and shear velocity of the
weathered zone (Figures 5a, ¢), whereas it was inversely proportional to the soil thickness (Figure 5b).
A strong negative correlation was found among the resonance frequency and the estimated soil
thickness with a correlation coefficient of 0.90 (Figure 5d). Whereas, it was observed a comparatively
positive relationship with the shear wave velocity of the weathered zone (Figure 5f), but there was
not a strong positive relationship with the shear wave velocity of soil (Figure 5e).

CONCLUSION

The passive seismic survey has been carried out at CSIR-NGRI Campus, Hyderabad, Southern India,

for estimating the resonance frequency using ambient noise measurements. During the survey, 42

Tromino 3G ENGY measurements are taken, and at each site, the well-defined frequency peak

(known as resonance frequency) is obtained using the GRILLA software, and also its contour map has

been prepared for getting clear results of soil thickness. From this study, it has been concluded that

e The estimated resonance frequency has ranged from 52.81 to 102.81 Hz, with an average of 85.36
Hz.

e The contour map of resonance frequency has shown that the resonance frequency is increasing in
the high elevated areas where the thickness of the seismic contrast layer (soil thickness) is less.
But in the low elevated areas, the resonance frequency has shown an increase, and it indirectly
implies for the occurrence of thick soil deposition.

e The estimated soil thickness is on an average of 0.56 m, with the shear wave velocity range of 143-
190 m/s with an average of 152 m/s.

e Further, it has been observed that in the high resonance frequency area, the estimated soil
thickness is comparatively less than the low resonance frequency area. There is a strong negative
correlation among the resonance frequency and the estimated soil thickness with a correlation
coefficient of 0.90.

e The estimated shear wave velocities in soil and weathered zone are directly proportional to the
estimated resonance frequencies in the individual layers.

e This H/V ratio technique is very useful for mapping the resonance frequency of any place except
farmland, marshland or any place having soft soil layer. It is also an emerging rapid non-intrusive
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tool and low cost for subsurface investigation in-term of soil thickness, groundwater and
hydrocarbon exploration, and seismic micro-zonation.

Acknowledgments

Prof. V.M. Tiwari, Director of CSIR-NGRI, Hyderabad has encouraged and permitted to publish this
article (Ref. No.: NGRI/Lib/2020/Pub.57). The CSIR, New Delhi [Ref. No.: MLP 6407] has funded
partially for this work. Professor S.N. Patil, Department of Applied Geology, KBC North Maharashtra
University, Jalgaon, Maharashtra has provided his constructive comments to improve the article. The
authors are thankful to them.

REFERENCES
1. Anthiraikili, J.B. (2020). Establishing empirical equation for resonant frequency vs sediment

thickness using Nakamura or H/V ratio method in Indo-Gangetic Plain. Arabian Journal of
Geosciences, Vol. 13, No. 6, pp.1-15.

2. Biswas, R., Baruah, S. and Bora, D.K. (2015). Mapping sediment thickness in Shillong City of
Northeast India through empirical relationship. Journal of Earthquakes Art. ID. 572619, pp.1-
8.

3. Bonnefoy-Claudet, S., Cotton, F., Bard, P.Y., Cornou, C., Ohrnberger, M. and Wathelet, M.

(2006). Robustness of the H/V ratio peak frequency to estimate 1D resonance frequency. In:
Proceedings of the 3rd International Symposium on the Effects of Surface Geology on Seismic
Motion.

4, Chabane, S., Machane, D., Tebbouche, M.Y., Khaldaoui, F., Oubaiche, E.H., Bensalem, R. and
Mariscal, A. (2017). Ambient seismic vibration analysis and ground characterization in the
vicinity of Algiers seismic zone. Arabian Journal of Geosciences, Vol. 10, No.3, p.69.

5. D'Amico, V.E.R.A,, Picozzi, M., Albarello, D., Naso, G. and Tropenscovino, S. (2004) Quick
estimates of soft sediment thicknesses from ambient noise horizontal to vertical spectral
ratios: a case study in southern Italy. Journal of Earthquake Engineering, Vol. 8, No. 6,
pp.895-908.

6. Guéguen, P., Cornou, C., Garambois, S. and Banton, J. (2007). On the limitation of the H/V
spectral ratio using seismic noise as an exploration tool: application to the Grenoble valley
(France), a small apex ratio basin. Pure and Applied Geophysics, Vol.164, No.1, pp.115-134.

7. Gutenberg, B. (1958). Microseisms. In:Advances in Geophysics (Vol. 5, pp. 53-92). Elsevier.

8. Ibs-von Seht, M. and Wohlenberg, J. (1999). Microtremor measurements used to map
thickness of soft sediments. Bulletin of the Seismological Society of America,Vol. 89, No. 1,
pp.250-259.

9. Krishnan, M.S. (1960). Precambrian stratigraphy of India. Report 21st International Geol.

Cong. Norden.Vol. 9, pp.95-107.

10. Lane, Jr. JW., White, E.A., Steele, G.V. and Cannia, J.C. (2008). Estimation of bedrock depth
using the horizontal-to-vertical (H/V) ambient-noise seismic method. In: Symposium on the
Application of Geophysics to Engineering and Environmental Problems 2008 (pp. 490-502),
Society of Exploration Geophysicists.

11. Micromed, (2012). Introduction to the H/V modelling routine for statigraphic purposes in
Grilla, Version 3.0 August 2012. Micromed s.p.a., Italy.

12. Mondal, N.C., Adike, S., Singh, V.S., Ahmed, S. and Jayakumar, K.V. (2017). Determining
shallow aquifer vulnerability by the DRASTIC model and hydrochemistry in granitic terrain,
Southern India. Journal of Earth System Science, Vol. 126, No. 6, Art:89, pp. 1-23.

13. Mondal, N.C., Bhuvaneswari Devi, A., Anand Raj, P., Ahmed, S. and Jayakumar, K.V. (2016)
Estimation of aquifer parameters from surfacial resistivity measurement in granitic area in
Tamil Nadu. Current Science, Vol. 111, No.3, pp. 524-534.

14. Mondal, N.C., Lohithkumar, K., Bhima Raju, K., Tiwari, P., Naseem us Saba, Chandra, S. and
Ahmed, S. (2018). High resolution 2-D aquifer mapping along Tapi River Bed adjoining Surat
Smart City using Electrical Resistivity Tomography (ERT) survey. Journal of Geophysics, Vol.
XXXIX, No. 1, pp. 15-19.

161 | BPAS / Vol. 39-F, Geology (Geological Science), No. 2 / July-December 2020



Estimating Soil Thickness using the H/V Spectral Ratio Technique in CSIR-NGRI Campus,
Hyderabad, India

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Mondal, N.C., Rao, V.A., Singh, V.S. and Sarwade, D.V. (2008). Delineation of concealed
lineaments using electrical resistivity imaging in granitic terrain. Current Science, Vol. 94,
No.8, pp.1023-1030.

Mondal, N.C., Singh, V.P. and Ahmed, S. (2013). Delineating shallow saline groundwater
zones from Southern India using geophysical indicators. Environmental Monitoring and
Assessment, Vol. 185, No. 6, pp. 4869-4886.

Mondal, N.C., Vimala Supriya, T., Mahato, P.P. and Ahmed, S. (2020). Exploring water-
bearing zones by merging of partial curve matching, factor analysis and inverse technique
from surficial geophysical data in a sedimentary area of West Bengal. Hydrology Journal,
Vol. 40 & 41, No. 1-4, pp. 38-51.

Nagoshi, M. and Igarashi, T. (1971.) On the amplitude characteristics of microtremors (part 2),
J. Seism. Soc. Japan, Vol.24, pp.24-40.

Nakamura, Y. (1989). A method for dynamic characteristics estimation of subsurface using
microtremor on the ground surface. Railway Technical Research Institute, Tokyo, Quarterly
Reports, Vol. 30, No.1, pp.25-33.

Parolai, S., Bormann, P. and Milkereit, C. (2001). Assessment of the natural frequency of the
sedimentary cover in the Cologne area (Germany) using noise measurements. Journal of
Earthquake Engineering, Vol. 5, N0.04, pp.541-564.

Pazzi, V., Tanteri, L., Bicocchi, G., D'Ambrosio, M., Caselli, A. and Fanti, R. (2017). H/V
measurements as an effective tool for the reliable detection of landslide slip surfaces: case
studies of Castagnola (La Spezia, Italy) and Roccalbegna (Grosseto, Italy). Physics and
Chemistry of the Earth, Parts A/B/C 98, pp.136-153.

Picotti, S., Francese, R., Giorgi, M., Pettenati, F. and Carcione, J.M. (2017). Estimation of
glacier thicknesses and basal properties using the horizontal-to-vertical component spectral
ratio (HVSR) technique from passive seismic data. Journal of Glaciology Vol. 63, No0.238,
pp.229-248.

Singh, V.S., Sarwade, D.V., Mondal, N.C., Nanadakumar, M.V. and Singh, B. (2009)
Evaluation of groundwater resources in a tiny Andrott Island, Union Territory of
Lakshadweep, India. Environmental Monitoring and Assessment, Vol. 158(1-4), pp.145-154.
Stanko, D., Markusi¢, S., Gazdek, M., Sankovié¢, V., Slukan, I. and Ivanci¢, 1. (2019).
Assessment of the Seismic Site Amplification in the City of lvanec (NW Part of Croatia) Using
the Microtremor HVSR Method and Equivalent-Linear Site Response Analysis. Geosciences,
Vol. 9, No. 7, p.312.

Sunil Asadi, S.S. and Reddy, S.R.K. (2016). Free Vibration Analysis of Multi-Storeyed
Buildings resting on different Soil / Rock Media at Hyderabad, Telangana State, India. Indian
Journal of Science and Technology, Vol. 9, No. 37, pp.1-6.

162 | BPAS / Vol. 39-F, Geology (Geological Science), No. 2 / July-December 2020



