
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

The paper was published in the proceedings of the 7th 

International Conference on Earthquake Geotechnical 
Engineering and was edited by Francesco Silvestri, Nicola 
Moraci and Susanna Antonielli. The conference was held 
in Rome, Italy, 17 – 20 June 2019.

https://www.issmge.org/publications/online-library


Earthquake Geotechnical Engineering for Protection and Development of
Environment and Constructions – Silvestri & Moraci (Eds)

© 2019 Associazione Geotecnica Italiana, Rome, Italy, ISBN 978-0-367-14328-2

Effects of source energy and receivers arrangement in surface wave
methods

S. Virendra & D.K. Baidya
Department of Civil Engineering, Indian Institute of Technology Kharagpur, India

ABSTRACT: In the present study SASW and CSWS system are used for investigating
the effects of source energy and receivers arrangement on the variation of shear modulus
and shear wave velocity with depth. This Investigation is carried out with different
heights of the fall of the dropping mass and with varying spacing between the receivers.
The maximum depth of penetration and the maximum wavelength up to which the shear
wave velocity profile can be detected with the usage of surface wave measurements,
increases with increasing in the height of the fall of the dropping mass and also increases
with increasing spacing between receivers. No clear trend was observed regarding the
effect of height of fall of the mass and spacing between the receivers on the value of the
minimum wavelength. The SASW and CSWS test results are compared with shear wave
velocity profile obtained from SPT-N value, using different empirical correlations and
found to be in good agreement.

1 INTRODUCTION

The spectral analysis of surface waves (SASW) and continuous surface wave system
(CSWS) testing techniques have been used quite extensively for determining the shear
wave velocity profiles of various soils and pavement sites (Jones 1958, 1962; Knopoff
1964; Kausel and Roesset 1981; Heisey 1982; Heisey et al. 1982; Rix and Stokoe 1989;
Gucunski and Woods 1991; Tokimatsu et al. 1991; Addo, and Robertson, 1992; Nazarian
and Desai 1993; Stokoe et al. 1994, 1999; Matthews and Clayton 1996; Miller et al.1999;
Park et al. 1999; Xia et al. 2002; Chen et al.2004; Lin et al. 2004; Heymann, et al. 2007
Rosenblad and Bertel 2008;Kumar and Rakaraddi 2011, 2013). The SASW/CSWS method
is a nondestructive technique which is based on the dispersive characteristics of the Ray-
leigh wave. High frequency waves propagate in the near surface layers, and low frequency
waves propagate mainly through deeper layers. The strain induced by the propagation of
seismic waves is considered to be very small (<0.001%), thus provides the maximum shear
modulus and the value of the maximum shear modulus assigned to a depth of 1/3rd wave-
length where the energy of the Rayleigh wave is the maximum. In the past three/four dec-
ades, numerous research has been carried out to study the effect of the arrangement of
source and receivers on the shear wave velocity for the SASW/CSWS method. Heisey et al.
1982 on the basis of experimental studies proposed a generalized criterion. Geophone type,
spacing of geophone and energy source has significant influence on the CSWS and SASW
results.
The Primary objective of the present study is to investigate the effects of source energy and

receivers arrangement on the variation of shear modulus and shear wave velocity with depth.
For this purpose SASW tests with different heights of the fall of the dropping mass and differ-
ent spacing between receivers are carried out at different locations in the IIT Kharagpur
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campus. The CSWS tests also conducted for verification of the results obtained from SASW
tests. SPT- N values of soil from the same site are collected and used for comparison purpose.

2 METHODOLOGY

Both CSWS and SASW system works on the same fundamental principal, that Rayleigh
waves (surface waves) can be generated at a source and measured on the ground using geo-
phones. The difference between the systems is that the CSWS system uses a ground vibrator
as the source of the energy, and the SASW uses an impact source (Drop weights or Hammer).
The basic procedure that has been adopted in CSWS and SASW testing involve the following:
(a) The generation of predominantly vertical ground motions using a point source of

energy, as either a transient impulse or a continuous wave. In this study 7.26kg spherical ball
is used instead of Hammer with proper connectivity between ball and striking plate in SASW
test set up. (b) Measurement of ground surface motions using geophones or other sensors
placed in a line which is co-linear with the source. A total of 6 receivers are used for both
CSWS and SASW test (c) The recording of ground surface motions with an oscilloscope, spec-
trum analyzer or a conventional seismograph. (d) Use of spectral analysis of the data to pro-
duce the dispersion curve, showing the variation of Rayleigh wave velocity with wavelength.
(e) The determination of the Rayleigh wave velocity-depth profile, based on the inversion of
the measured dispersion curve. There are three principal inversion methods, namely (i) the
wavelength-depth method (ii) Haskell-Thomson matrix techniques (iii) Finite element
approaches. In the wavelength depth method, the representative depth is taken to be a fraction
of the wavelength, λ. That is, (λ/z) is assumed to be a constant. Gazetas suggested (λ/z) = 3 is a
reasonable compromise except in the case of irregularly layered grounds with a strong diver-
sity in the stiffness profile. And this value has been used for the present experimental study. (f)
Application of elastic theory to derive a stiffness-depth from the Rayleigh wave velocity pro-
file. According to elastic theory, the velocity of shear wave propagation, VS, is related to Ray-
leigh wave velocity VR by VS =p � VR Where p is a rather complicated function of Poisson’s
ratio, v. For v = 0.25, p is 1.088 and for v = 0.5, p is 1.047. Error in estimation of v has little
effect on VS. The shear modulus, G, is related to the shear wave velocity by G = ρ�VS

2

where ρ is the bulk density of the soil.
Many investigators have attempted to provide empirical relationships for estimation of

shear wave velocity for soils from SPT (N) value. Table 1 presents a few empirical relation-
ships for obtaining the shear wave velocity (Vs) from SPT (N) value.

3 RESULTS AND DISCUSSION

Based on the procedure described in previous sections SASW tests were carried out at IIT
Kharagpur campus. And a few locations CSWS tests were carried out where SASW tests

Table 1. Correlations between Shear Wave Velocity (Vs) and SPT-N Values

Author(s) Correlations Remarks

Obha and Toriumi 1970 Vs = 84N0.31 All type of soils

Ohta and Goto 1978 Vs = 85.35N0.348 All type of soils

Imai and Tonouchi 1982 Vs = 97N0.314 All type of soils

Sisman 1995 Vs = 32.8N0. 51 All type of soils

Kiku et al. 2001 Vs = 68.3N0.292 All type of soils

Hasancebi and Ulusay 2007 Vs = 90N0.308 All type of soils

Dikmem 2009 Vs = 58N0.39 All type of soils

Uma Maheswari et al. 2010 Vs = 95.64N0.301 All type of soils
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already had been conducted. Variations of shear modulus and shear wave velocity with depth
are plotted for different height of the fall of the dropping mass and different spacing between
the receivers. Wavelength versus frequency curve is also plotted for same. Energy source plays
an important role in surface wave testing, so in this study 7.26kg spherical dropping mass is
used for SASW test while CSWS test uses a vibrator of 64kg. SASW test was conducted at
Tata Sports Complex, Jnan Ghosh Stadium. These tests were performed by dropping 7.26 kg
spherical mass, from a height ranging from 0.5m to 1.5m. CSWS tests were carried out at the
same locations and Variations of shear modulus and shear wave velocity with depth are plot-
ted. Figure 1 shows the variation of wave length with frequency at Tata Sports Complex and
Jnan Ghosh Stadium for 1m receiver spacing and deferent heights of fall of dropping mass.
As shown in Figure wavelength decreases with frequency. The lower frequencies correspond
to longer wavelength and these waves provide properties of soil/rock of larger depth. It is
observed that, the maximum wavelength up to which the shear wave velocity profile can be
detected, increases continuously with an increase in height of the fall of the dropping mass
and profiles obtained using SASW test matched quite well with that obtained from CSWS
tests. Figure 2 shows the variation of shear modulus with depth. It is observed that the max-
imum depth of penetration up to which the shear modulus profile can be detected with the
usage of surface wave measurements, increases with increasing in the height of the fall of the
dropping mass.
Figure 3 shows the variation of shear wave velocity with depth. As it can be seen from the

figure that Shear wave velocity profiles obtained using SASW tests with different height of the
fall of the dropping mass and spacing between receivers, matched quite well with that
obtained from CSWS tests. Figure 4(a) shows variation of wavelength with frequency for dif-
ferent spacing between receivers. If frequency is greater than 10Hz, there is no variation in the
wavelength with increasing spacing between receivers. Below 10Hz frequency, wave length
increases with increasing spacing. Figure 4(b) shows the variation of shear wave velocity with
depth for different spacing between receivers. It is observed that the maximum depth of pene-
tration increases with increasing spacing between the receivers and shear wave velocity
increased with depth up to 8m and beyond that it is reduced significantly. However, value
again increased after 12m depth which indicates the existence of comparatively soft soil layer
sandwiched between two strong soil layers.
Stronger sources are always preferred for deeper material investigations. The maximum

depth of penetration that can be achieved using the surface wave method depends on the
lowest frequency for which reliable data may be obtained. The maximum wave length, up to
which the shear wave velocity profile can be detected, increases continuously with an increase

Figure 1. Variation of wavelength with Frequency at (a) Tata Sports Complex (b) Jnan Ghosh Stadium
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in height of dropping mass. This is one of the reasons for larger penetration depth obtained
from increasing in height of dropping mass. It is observed that depth of penetration achieved
using CSWS test is more than that obtained using SASW test. Variations of shear modulus
and shear wave velocity with depth and variation of wavelength with frequency obtained
using SASW compared with CSWS results. It showed reasonably good agreements between
the profiles determined using the SASW and CSWS method.
Figures 5 and 6 show the variation of SPT-N value with depth at Jnan Ghosh Stadium and

Disha Seema School respectively. Using SPT-N values of soil, shear wave velocity values were
calculated and plotted as shown in Figures 7 and 8. Variation of shear wave velocity over
depth obtained from the CSWS is also plotted in the same figures. It is observed that for a
particular N-value different correlations give different shear wave velocities. Out of those cor-
relations a few of them matched well with the CSWS and SASW results. However, the trend

Figure 2. Variation of Shear modulus with depth at (a) Tata Sports Complex and (b) Jnan Ghosh

Stadium

Figure 3. Variation of Shear wave velocity with depth for (a) deferent heights of fall of dropping mass

and (b) different spacing between receivers
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of variation of shear wave velocity with depth from CSWS is similar as obtained from empir-
ical relationships. Due to unavailability of SPT data at depths lesser than 1.8m, comparison of
shear velocity profile was not possible for this region.

5 CONCLUSIONS

This paper presents the effects of source energy and receivers arrangement on the variation of
shear modulus and shear wave velocity with depth. A series of SASW tests were performed to
investigates the effects of source energy and receivers arrangement on the variation of shear
modulus and shear wave velocity with depth and examined the effect of the height of fall of
the dropping mass on the magnitude of the maximum wavelength (or the minimum frequency)
up to which interpretation of the shear wave velocity can be determined. CSWS tests were car-
ried out with different spacing between receivers. The CSWS test results were compared with

Figure 4. (a) Variation of wavelength with Frequency and (b) Variation of Shear modulus with depth

for different spacing between receivers

Figure 5. Variation of SPT-N value with Depth at Jnan Ghosh Stadium
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SASW results. It was observed that the maximum depth of penetration and the maximum
wavelength up to which the shear wave velocity profile can be detected with the usage of sur-
face wave measurements, increases with increasing in the height of the fall of the dropping
mass and also increases with increasing spacing between receivers. No clear trend was
observed regarding the effect of height of fall of the dropping mass on the value of minimum
wavelength.

Figure 6. Variation of SPT-N value with Depth at Disha Seema School

Figure 7. Shear Wave Velocity from CSWS test and SPT data at Jnan Ghosh Stadium
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An increase in the value of height of fall of the dropping mass and spacing between receivers
causes a drop in the values of the minimum frequency causing the maximum depth of penetra-
tion. Finally the shear wave velocity profile obtained from SPT-N value, using different
empirical correlations are also compared with that obtained from the CSWS and SASW and
found that the shear wave velocity profile obtained using surface wave methods matched well
with that obtained from SPT results. The surface wave method provides a rapid means of
determining stiffness-depth profiles in near surface soil and rock without the need for bore-
holes. While borehole drilling must never be replaced by surface wave methods in geotechnical
site investigation, a combination of borehole drilling supplemented by geophysical investiga-
tion may prove to be cost-effective. This approach has the potential to reduce the amount of
intrusive investigation, such as the number of boreholes.
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