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Electrical Resistivity Tomography (ERT) has been used in association with Standard Penetration Test (SPT)
and Dynamic Cone Penetration Test (DCPT) for Geotechnical investigations at two sites, proposed for thermal
power plants, in Uttar Pradesh (UP), India. SPT and DCPT tests were conducted at 28 points and two ERT
profiles, each measuring 355 m long, were recorded using 72 electrodes deployed at 5 m spacing. Electrical
characterization of subsurface soil was done using borehole data and grain size analysis of the soil samples
collected from boreholes. The concept of electrical resistivity variation with soil strength related to the grain
size distribution, cementation, porosity and saturation has been used to correlate the transverse resistance of
soil with the number of blow counts (N-values) obtained from SPT and DCPT data. It was thus observed that
the transverse resistance of soil column is linearly related with the number of blow counts (N-values) at these
sites. The linear relationships are site-specific and the coefficients of linear relation are sensitive to the
lithology of subsurface formation, which was verified by borehole data. The study demonstrates the
usefulness of the ERT method in geotechnical investigations, which is economic, efficient and less time
consuming in comparison to the other geotechnical methods, such as SPT and DCPT, used for the purpose.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Characterization of subsurface soil and determination of soil
strength are prerequisite for the foundation design of important
civil engineering structures. Electrical characterization of soil was
done by conducting surface electrical resistivity measurements and
subsequently translating these data in terms of electrical properties of
subsurface soil (Israil and Pachauri, 2003). Various attempts have been
made in literatures to integrate the ERT and geotechnical data for
characterization of subsurface soil (Cosenza et al., 2006; Gay et al.,
2006). The application of electrical resistivity for characterization of
soil was reviewed by Samouëlian et al., (2005).

Alternatively, in geotechnical studies, Standard Penetration Test
(SPT) furnishes data about the resistance of soils to penetration,
which can be used to evaluate the soil strength in terms of number
of blows (N-values). The N-values are defined as the number of
blows per 30 cm of penetration into the soil. Following the procedure
of IS 6403 - (1981) code, N-values can be used to obtain the bearing
capacity of soils. In Dynamic Cone Penetration Test (DCPT), the
resistance, N-value, to penetration of the cone in terms of the num-

ber of blows per 30 cm of penetration is correlated with the bearing
capacity of the soil. The data from these geotechnical tests (SPT and
DCPT) in associationwith the borehole data and laboratory measure-
ment of soil properties (e.g., grain size distribution, degree of satura-
tion and permeability) are used to characterize the subsurface soil.

Geotechnical tests are time-consuming and expensive. On the
other hand, geoelectrical methods are faster and comparatively cheap.
The use of Electrical Resistivity Tomography (ERT) technique provides
the electrical image of subsurface soil and has become an important
tool for the electrical characterization of soil. Correlation between
electrical parameters and soil strength, derived from geotechnical
tests, can be studied by choosing different electrical parameters. It has
been reported in literature (Braga et al., 1999; Giao et al., 2003) that
the relationship between the electrical parameters such as charge-
ability, resistivity and N-values is poor.

The physics of electrical current flow in the subsurface soil
suggests that the possible relationship between the soil strength
and electrical resistivity should be based on the parameters which
control soil strength as well as electrical resistivity such as grain size
distribution, degree of saturation, porosity and cementation. It is so
since resistivity is sensitive to the salinity of saturating fluid whereas
soil strength is not related with it. Therefore, the relationship between
electrical parameters and soil strength will be meaningless if the
salinity of saturating fluid changes with depth. On the other hand, clay
content in soil matrix can affect both soil strength as well as its

Journal of Applied Geophysics 67 (2009) 74–79

⁎ Corresponding author.
E-mail addresses: sudha_gupta00@yahoo.co.in (K. Sudha), mohdfes@iitr.ernet.in

(M. Israil).
1 Tel.: +91 1332 285078; fax: +91 1332 273560.

0926-9851/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.jappgeo.2008.09.012

Contents lists available at ScienceDirect

Journal of Applied Geophysics

j ourna l homepage: www.e lsev ie r.com/ locate / jappgeo

mailto:sudha_gupta00@yahoo.co.in
mailto:mohdfes@iitr.ernet.in
http://dx.doi.org/10.1016/j.jappgeo.2008.09.012
http://www.sciencedirect.com/science/journal/09269851



