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ABSTRACT

Many problems related to geotechnical structures, the wave attenuation is useful for determining the
effects of vibration on the affected area. Many studies have been also conducted to obtain the
damping and empirical correlations between the damping ratio in term attenuation and the amount
of radiated energy compared to the frequency of vibration and type of soil. The aim of this paper is
to determine the frequency-independent attenuation coefficient generated Rayleigh wave on soil
medium using a wavelet spectrogram analysis. This method improves a common used signal
processing tools, e.g., Fourier analysis, for illilli()l‘] analyses which fail to identify when certain
characteristic features occur in a waveform. The time-frequency character of wavelet transforms
allows increased flexibility as both traditional time and frequency domain system identification
approaches can be exploited to examine nonlinear and nonstationary seismic events that are in
essence obscured by traditional spectral approaches. A frequency-independent attenuation empirical
coefficient was obtained from wavelet spectrogram analysis. This study is conducted to show the
capability of wavelet spectrogram analysis for attenuation measurement of soil layer profile.
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1. INTRODUCTION

The attenuation parameter of soil is either determined from the radiation and material damping of the soil structure.
This parameter is one of important parameters which measure ground elmpliﬁnli()n during earthquake (Vucetic and
Dobry, 1991). Attenuation in soil dynamics is a phenomenon that involves the interaction of several mechanisms
that contributed to the energy dissipation of the seismic wave during dynamic excitation (Rix et al., 2000). The
physical mechanism that has been postulated to be responsible for elttenuelan and soil damping is the energy loss in
materials, for instance, the frictional losses between soil particles. The damping ratio (D) is defined as the ratio
between the energy loss and a maximum stored energy within one loading-cycle (Figure 1). Under the low-loss
condition, the relationship between quantities used in different disciplines to characterize fundamental attenuation
and material damping follows:

1 O 1
Q'=2D ok (D
where Q' is the dissipation factor which describes as material attenuation, [JE energy dissipated during one cycle at
circular frequency w and E maximum strain energy stored during referredflycle. Aki & Richards (1980)
mentioned that [ behaved as frequency independent for 0.1 < f < 10 Hz which is also called hysteretic or rate-
independent damping. Material damping can also be obtained using the attenuation cocfficient (/) and the
logarithmic decrement (| ) in which their relationship is written as:
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where ¢ is seismic wa locity. The damping ratio during dynamic excitation is usually a small value (less than

10 %), consequently the second order terms are negligible and Eq. (2) can be rewritten as:
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Figure 1. Damping obtained from the cyclic shear stress — strain curve (Rosyidi et al., 2008).

Other physical mechanisms alsgcmtribulcd to the decay in the seismic wave amplitude that propagates in the soil
mass. The first mechanism is the spreading of energy over an expanding area as the wavefront propagates away
from the source causing the amplitude of waves to attenuate with increasing distance from tlnsource (geometric or
radiation damping). The second mechanism explained that the reflection and transmission of seismic waves affliter-
faces, mode conversions and scattering in non-homogeneous media causes the wave amplitude to diminish (Rix et
al., 2000).

Many in situ and laboratory os have been used to evaluate attenuation parameter. Rix et al. (2000) investigated
surface wave measurements to determine attenuation and damping ratio of a layered soil deposit. In their
studies, elallenuelli()n curve was constructed from the observed spatial attenuation of Rayleigh wave amplitudes and
thells mverted to obtain the material shear damping ratio. However, seismic data used in surface wave analysis
are non-stationary in nature ie. varying frequency content in time. Time-f'rajency decomposition of a seismic
signal aims to characterise the phase information of transfer function spectrum. The inability of conventional Fourier
analysis to preserve the time dependence and describe the evolutionary spectral characteristicdg#f non-stationary
processes require tools which allow time and frequency localization beyond customary Fourier analysis. Wavelet
analysis is becoming a common tool for analyzing localized variations of power within a time series. By
decomposing a time series into time-frequency spectrum (TFW), one is able to determine both the dominant modes
of variability and how those modes vary in time. Studies on the improvement of attenuation analysis obtained from
in situ measurements of seismic wave attenuation were relatively few. Therefore, this paper is aimed to determine
the attenuation coefficient (L) from Rayleigh wave (R-wave) measurement on the soil structure using the wavelet
analysis.

2. RESEARCH METHOD
Field Test Set Up

Two key elements of the surface wave method are the generatio surface wave energy from impact sources and
the measurement of the particle motion of the R-welpl suitable distances from the source on the surface of m .
In layered soil media, the surface wave velocity depends on the frequency (or wavelength) of the wave.
variation of the velocity with frequency is called dispersion and arises due to the different wavelengths of waves
passing through the layered media. Short wavelengths (high frequency) of waves propagate only through near-
surface materials while longer wavelengths (lower frequency) of waves propagate in deeper layers. A plot of
surface (R-) wave velocity versus frequency is called the dispersion curve. The experimental set up of the surface
wave test is shown in Figure 2(a). R-waves in field tests were detected using two geophones. Several configurations
of the geophones and the source spacings were required in order to sample different depths. Short receiver spacings
with frequency sources were used to sample the surface layer of soil structure while larger receiver spacings with
low frequency sources were implemented to sample the deeper layers. The arrangement of receivers which was
adopted in this study is the common receiver midpoint geometry as illustrated in Figure 2(b). The surface wave test
was carried out at some different sites on soft soil at Kelang, Malaysia.
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Figure 2. Field set up of SASW measurement (a) (Rosyidi & Taha, 2012) and its arrangement of receivers (b)

Wavelet Spectrogram Analysis

The signals produced from impact sources in time domain are digitalised and recorded in time domain by a dynamic
spectral analyser. In order to measure the attenuation data from signals recorded from field measurement, the
spectrogram attenuation model developed by Rosyidi (2009) and Rosyidi & Taha (2012) was employed in the
analysis. The decrease in amplitude (energy density) of the vertical component of the R-wave with distance due only
to geometric configuration 1s also called the radiation damping or geometric spreading. An effective soil damping
ratio of R-wave in layered medium can be defined from the attenuation analysis and the value is frequency
dependent. Its value may become very high for the first few modes of vibration. The attenuation data () of R-wave
can be performed by the spectrogram attenuation model proposed by Rosyidi (2009) as follows:

=In {%}”{G(R)-G(I)-K(R)}e{'“”m'm} )

2

W (o)

where, R; dan R, = geophones distance from the sources (if using two geophones), W (u.s) dan W (u.s)=

n [W_f’ (u,s}

spectrogram magnitude response of wavelet for geophone 1 and 2 respectively, G(R) = geometric spreading factor,
G(I) = instrumentation correction factor and K(R) = correction for refracted and transmitted waves.

A spectrogram magnitude response produced from wavelet analysis is defined as a function of Y1) € LX(R) with a
ZEro mes hich is localized in both time and frequency. By dilating and translating the wavelet (1), a family of

wavelets can be produced as:
f_
w{,,(r}whw(—I] 5)
’ o o

where o is the dilan parameter or scale and T is the translation parameter (o, T € I} and o = 0). The continuous
wavelet transform (CWT) is defined as the inner product of the family wavelets ¥ .(f) with the signal of f{r) which
is given as:

E (o) = (£0),,(0) = [ 7(0) == ©

A
_@

where 4 is the complex conjugate of 3 and Fy(o,7) is the time-scale map. The convolution integral from Eq. (6)
can be computed in the Fourier domain. To reconstruct the function f{(r) from the wavelet transform, Calderon’s
identify (Daubechies, 1992) can be used and is obtained as:

Konferensi Nasional Teknik Sipil 7 (KoNTekS 7)
Universitas Sebelas Maret (UNS) - Surakarta, 24-26 Oktober 2013 G- 85




Geoteknik

@

1 t-t\do dt 7
f(r)=alﬁ‘.((1‘rh’(7]?ﬁ (7
Cu- = Zﬂfde < )

(7]

where 1,‘3({0) is the Fourier transform of (r). The integrand in Eq. (8) has an integrable discontinuity ew =0 and
implies that fw [r]dr =0. A commonly used wavelet in CWT is the Morlet wavelet where its shape is a Gaussian-

windowed complex sinusoid. It is defined in the time and frequency domains as follows:

!Fn (E) = ?f_xe"""g-":ﬂ )

2

P, (sw) =:r'HH(w)e'("""”‘}” (10)

10
where m is the wavenumber, H is the Heaviside function. The time and frequency gmain plot of Morlet
wavelet is shown in Figure 3. The Morlet wavelet is shown within an adjustable parameter m of 7 which is used in
this study. m, parameter can be used for an accurate signal reconstruction of seismic surface waves in low
frequency. The Gaussian's second order exponential decay used in time resolution plot results in the best time
localization.
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Figure 3. Time domain of real and imaginary part (a) and frequency domain plot of Morlet (b)

3. RESULTS AND DISCUSSION

Figure 4 shows the wavelet spectrogram generated from Morlet wavelet analysis on 1 and 2 m receiver spacing for
signal measurement received by geophone 1 and 2, respectively. From both spectrograms, a plot of ratio between the
second signal magnitudes from spectrogram (w;) over the first signal magnitude (w,) versus frequency can be
obtained. This ratio represents as the decay factor curve of frequency dependency from the R-wave motion (Figure
5). A simple regression analysis is subsequently performed on the experimental data of decay factor curve. The
theoretical regression analysis of attenuation derived from Eq. (4) can then be written as:

W (u.s)

W/ (u,s)

= _a(fJ(DR)+k = —Zau(f)+k ©)

In

The best-fit curve is then established between the decay factor of the experimental data and the regression analysis
equation by trial and error for different values of ap from visual best-fit evaluation of the two curves. From Figure
5, the best-fit value of frequency-independent attenuation coefficient of the soil is calculated as 5 x 107 s/m at
frequency of 3 to 20 Hz. The frequency range of the attenuation coefficient of the R-waves in the pavement layers
was chosen using the bandwidth criteria. The root mean square error for this fitting curve is found to be 0.27.
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Figure 4. The wavelet spectrogram of signals received by geophone 1 and 2.
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Figure 5. The best-fit frequency-independent attenuation coefficient of the soil based on regression analysis

By repeating the procedure for attenuation analysis in each frequency value for all seismic data, the experimental
attenuation curve is subsequently generated. An example of attenuation versus frequency curve at the soil site is
presented in Figure 6a. By knowing the experimental attenuation profile, the shear damping ratio can be obtained by

inversion process.

In the invemn analysis, the soil model is typically assumed as the homogeneous linear elastic layers over a half-
space with model parameter of shear wave velocity, shear damping ratio and thickness for each layer. In this study,
due to shear damping ratio is unknown data and there is no prior information from the previous field or laboratory
soil data, lhcncf'()rca should be assumed with rational values for soil model parameter. The inversion analysis is
processed by using Herrmann (1994) code based on a weighted, damped, least-squares algorithm. Figure 6b shows
comparisons between the experimental attenuation curves and the theoretical attenuation data. Iteration processes
were conducted to rach between both experimental and theoretical curves. Figure 7 presents the final profiles of
shear damping ratio for the last iteration of the inversion process with lowest RMS error.

Konferensi Nasional Teknik Sipil 7 (KoNTekS 7)
Universitas Sebelas Maret (UNS) - Surakarta, 24-26 Oktober 2013




Geoteknik

Attenuation (), 1/m
Attenuation (), 1/m

0 0.1 02 03 0 0.1 02 03
0 0 5000 ©
ot - 00
Ilewm
s 5 .
teratn
Y, € Tterati
10 10 eratio
8 ke E 88§ &
£ [ag] = o o o\
Eﬁ g L= -] =] '
s} \
£ s E s
= Ioe] 5 oo © v oMo
E (e} 00 ©
= (o = oo © ot
20 P mn lee o o
i oo o o
] 00 o o
b oo o o
= e o °
agd loo o o 0 a
30 B

Figure 6 (a) Experimental attenuation versus frequency curve at the soil site and (b). iteration process in the
inversion analysis for fitting of theoretical attenuation curve to the experimental curve.
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Figure 7. Final damping ratio profile from inversion analysis of attenuation curve from Fig. 6

4. CONCLUSION

From this study, soil attenuation profile can be obtained from wavelet analysis with continuous wavelet transform of
Morlet wavelet using the data of the surface wave measurement. It is also shown that the characterization of the
physical properties of the soil structure in terms of the attenuation coefficient and the shear damping ratio of soft soil
layer can be satisfactory obtained using wavelet analysis. In addition, this method has the advantage of being fast,

economical and non-destructive.

Konferensi Nasional Teknik Sipil 7 (KoNTekS 7)
G- 88 Universitas Sebelas Maret (UNS) - Surakarta, 24-26 Oktober 2013




Geoteknik

%KNOWLEDGEMENTS

The authors would to thank the Ministry of National Education of Republic of Indonesia (through Hibah
Bersaing Grant) and Department of Civil Engineering, Universitas Muhammadiyah Yogyakarta for supporting this
research work.

REFERENCES

Aki, K. and Richards, P.G. (1980). Quantitative Seismology: Theory & Methods. W H. Freeman and Company, San
Francisco.

Daubechies, I. (1992). Ten Lecturers on Wavelets. Society of Industrial and Applied Mathematics, Pennsylvania.

Herrmann, R.B. (1994). Computer Programs in Seismology, User’s Manual, St.Louis University, Missouri.

Rix, G.J., Lai, C.G. and Spang, AW, Jr. (2000). In situ measurement of damping ratio using surface waves, Journal
of Geotechnical and Geoenvironmental Engineering 126(5),472 — 480.

Rosyidi, S.AP., (2009). Wavelet Analysis of Surface Wave for Evaluation of Soil Dynamic Properties, Ph.D.
Thesis, the National Universiti of Malaysia, Bangi.

Rosyidi, S.AP. and Taha, M.R. (2012). Wavelet Spectrogram Analysis of Surface Waves Technique for Dynamic
Soil Properties Measurementon Soft marine Clay Site. In Seismic Waves, Research and Analysis (Ed. Masaki
Kanao). Intech, Rijeka, Croatia.

Rosyidi, S.AP., Taha, M.R., Chik, Z. and Ismail, A. (2008). Determination of attenuation and geometric damping
on clayey sand residual soil in irmregular profile using surface wave method. Proceeding of the 12th
International Conference of International Association for Computer Methods and Advances in Geomechanics
(IACMAG), 1-6 October 2008, Goa, India.

Vucetic, M., Dobry, R. (1991). “Effect of soil plasticity on cyclic response”. Journal of Geotechnical Engineering,
Vol. 117, No.1, 89-107.

Konferensi Nasional Teknik Sipil 7 (KoNTekS 7)
Universitas Sebelas Maret (UNS) - Surakarta, 24-26 Oktober 2013 G- 89




Attenuation Analysis On Soil Structure Based On Wavelet
Spectrogram

ORIGINALITY REPORT

20% % 20% %

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Glenn J. Rix, Carlo G. Lai, A. Wesley Spang. "In
Situ Measurement of Damping Ratio Using
Surface Waves", Journal of Geotechnical and
Geoenvironmental Engineering, 2000

Publication

4,

Wei Wei. "Development of PD on-line
monitoring system for large turbine generators”,
Conference Record of the the 2002 IEEE
International Symposium on Electrical Insulation
(Cat No 02CH37316) ELINSL-02, 2002

Publication

2

Muhammad Zakaria. "SLOOF DAN
INDENTIFIKASI KEARIFAN LOKAL
DIKALANGAN PEKERJA BANGUNAN", Jurnal
Vokasi Indonesia, 2016

Publication

2

Satish K. Sinha. "Time-frequency attribute of
seismic data using continuous wavelet
transform", SEG Technical Program Expanded
Abstracts, 1999

1o



Publication

M. Liaghat, A. Abdollahi, F. Daneshmand, T.
Liaghat. "Wavelet Analysis of the Pressure
Fluctuations of Bottom Outlet of Kamal-Saleh
Dam", Volume 9: Heat Transfer, Fluid Flows,
and Thermal Systems, Parts A, B and C, 2009

Publication

1o

Araujo, Moacyr, Doris Veleda, Paulo Barrocas,
Flavia Moraes, Raul Montagne, and Enrique
Lopez. "Non-stationary climatic influence of
inter-epidemic periods on Dengue in Brazil",
Safety Reliability and Risk Analysis Beyond the
Horizon, 2013.

Publication

1o

S. A. Badsar, M. Schevenels, W. Haegeman, G.

Degrande. "Determination of the material
damping ratio in the soil from SASW tests using
the half-power bandwidth method", Geophysical
Journal International, 2010

Publication

1o

Jacopo Boaga, Stefano Renzi, Rita Deiana,
Giorgio Cassiani. "Soil damping influence on
seismic ground response: A parametric analysis
for weak to moderate ground motion", Saill
Dynamics and Earthquake Engineering, 2015

Publication

1o

Foti, . "Using transfer function for estimating



dissipative properties of soils from surface-wave
data", Near Surface Geophysics, 2004.

Publication

1o

"Wavelet Transforms Applications and
Interpretation Based on the Signal Genesis",
International Journal of Engineering and
Advanced Technology, 2019

Publication

1o

"Surface Waves in Geomechanics: Direct and
Inverse Modelling for Soils and Rocks", Springer
Nature, 2005

Publication

1o

T. Kijewski. "Wavelet Transforms for System
|dentification in Civil Engineering”, Computer-
Aided Civil and Infrastructure Engineering,
09/2003

Publication

1o

Adel A.A. Othman, Ali Bakr, Ali Maher.
"Integrated seismic tools to delineate Pliocene
gas-charged geobody, offshore west Nile delta,
Egypt", NRIAG Journal of Astronomy and
Geophysics, 2019

Publication

1o

"ICoSI 2014", Springer Science and Business
Media LLC, 2017

Publication

1o

"An investigation on visual and audiovisual



stimulus based emotion recognition using EEG", 1
International Journal of Medical Engineering and %
Informatics, 2009

Publication

E. Alcantara. "The turbidity behavior in an 1 y
Amazon floodplain”, Hydrology and Earth °
System Sciences Discussions, 05/26/2009

Publication

Mohammed Farfour, Jalal Ferahtia, Noureddine <1 o
Djarfour, Mohand Amokrane Aitouch. "SEISMIC °
SPECTRAL DECOMPOSITION
APPLICATIONS IN SEISMIC", Wiley, 2017

Publication

Foti, S.. "Non-uniqueness in surface-wave <1 o,
inversion and consequences on seismic site
response analyses", Soil Dynamics and
Earthquake Engineering, 200906

Publication

Tianji Xu. "Multi-scale frequency and absorption

. -scale <71y
attributes of seismic signals”, Journal of
Geophysics and Engineering, 09/01/2011

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



	Attenuation Analysis On Soil Structure Based On Wavelet Spectrogram
	by Proseding Konteks7

	Attenuation Analysis On Soil Structure Based On Wavelet Spectrogram
	ORIGINALITY REPORT
	PRIMARY SOURCES


