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Abstract— Precise determination of engineering properties of
soil is essential for proper design and successful construction of
any structure. The conventional methods for determination of
engineering properties are invasive, costly and time-consuming.
Electrical resistivity survey is an attractive tool for delineating
subsurface properties without soil disturbance. Reliable
correlations between electrical resistivity and other soil
properties will enable us to characterize the subsurface soil
without borehole sampling. This paper presents the preliminary
results of an ongoing research on correlations of electrical
resistivity with strength properties of soil. Soil investigations,
field electrical resistivity survey (VES) and laboratory electrical
resistivity measurements were conducted. From the data
analysis, significant correlations have been obtained between
resistivity and moisture content and angle of internal friction.
Weaker correlations have been observed for cohesion and unit
weight of soil.

Index Terms—Correlations, electrical resistivity,
geotechnical investigations, geophysics, shear strength, slope
failures.

I. INTRODUCTION

Stability of natural and engineered structures such as
building, roads, tunnels, slopes, bridges, dams etc, is the most
vital aspect of geotechnical engineering. Precise
determination of engineering properties of soil is essential for

proper design and successful construction of any structure [1].

The conventional method of obtaining these engineering
parameters is laboratory investigations performed on soil
samples acquired from site/field through borehole sampling.
However, bore hole sampling is in general time-consuming
and expensive. Soil properties are subjected to high spatial
and temporal variations. For accurate assessment of soil
properties, high-density sampling will be required but
borehole sampling would be very costly and time-consuming
option in such conditions [2].

Geophysical methods (geoelectrical, ground penetrating
radar, seismic refraction, etc) have become increasingly
practiced in engineering site characterization as being
non-invasive, non-destructive, rapid and cost-effective
method. Among these methods, geoelectrical survey is a very
attractive tool for delineating subsurface properties without
soil disturbance [3]. Electrical resistivity survey was first
applied to oil/gas exploration and prospecting of conductive
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ore bodies, later it found applications in various engineering
fields e.g. mining, agriculture, environment, archeology,
hydrogeology and geotechnics.

Several attempts have been made by many researchers to
explore the phenomenon of electrical resistivity in soils and
its relationship with other soil properties; such as water
content, thermal resistivity, salinity, CEC, hydraulic
conductivity, ground water distributions etc [2], [4]-[15].
Few studies have been carried out to correlate electrical
resistivity and geotechnical parameters of soil such as
N-value SPT, moisture content, plasticity index, grain-size
etc. [1], [15]-[18]. No research work has been carried out so
far which actually correlates electrical resistivity with
strength properties of soil (e.g. Cohesion, Angle of friction
etc) quantitatively or qualitatively.

The aim of this research work is to propose a
non-destructive, quick and low-cost method for the
assessment of geotechnical problems, such as bearing
capacity and factor of safety in soil slopes based on
correlations of soil parameters such as cohesion, internal
angle of friction, and unit weight with electrical resistivity
values.

II. MATERIAL AND METHODS

The research methodology consist of both field and
laboratory investigations. The study area is located at
University Technology PETRONAS, Perak, Malaysia. Field
investigations comprise of electrical resistivity survey (VES)
and soil boring. The vertical electrical sounding or 1D survey
was conducted at the location of borehole BH-01 and BH-02,
using simple equipments and accessories in acquiring the
electrical resistivity value e.g. Handheld multimeter, D.C.
power source, Insulated wires, Measuring tapes, Stainless
steel electrodes. The electrical sounding was conducted using
wenner electrode configuration with electrode spacing
ranging from 0.5 to 6 meters. Distance between borehole
BH-01 and BH-02 was 30 meters

The inversion process generates a layered 1D model of
subsurface soil based on variation in electrical resistivity and
thickness. Soil samples from various depths were obtained by
soil boring performed using percussion drilling set. Two
boreholes BH-01 and BH-02 were drilled upto the depth of 3
meters. The obtained samples brought to the laboratory for
soil characterization and electrical resistivity test in
laboratory conditions. Laboratory tests were performed on
the soil samples obtained from boreholes, such as moisture
content, unit weight, and direct shear test as per methods
suggested in British standards (BS).

Electrical resistivity of soil samples from various depths
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was measured in order to determined resistivity values in
laboratory condition. Two disc electrodes were connected to
both ends of cylindrical soil samples and also attached to DC
power source and multimeter for current measurement.
Potential difference varying from 30V, 60V, and 90V were
applied and resulting variation in current were recorded.
Submit your manuscript electronically for review.

III. RESULTS & DISCUSSIONS

A. Soil Investigations Results

Twelve (12) soil samples obtained from borehole BH-01
and BH-02 were brought to geotechnical laboratory for
various soil tests (e.g. Moisture content, Unit weight, direct
shear, and laboratory resistivity test). Table 1 shows detailed
results of resistivity and geotechnical investigations.
Moisture content of soil samples ranges from 18% to 52%.
Direct shear test results indicates that all soil samples has
more or less same shear strength parameters.

The apparent resistivity inversions results indicate that
sub-surface soil have various layers or bands of different
resistivity values and thickness. The resistivity value ranges
from 1892.42 Q-m to 17.40 Q-m. The lower resistivity values
for the last layer indicate the presence of water table which is
further confirmed by borehole. Borehole data indicates the
presence of water-table at 2.1 meters in BH-01 and 1.35
meters in BH-02.

B. Resistivity Measurement Results

The soil samples obtained from borehole BH-01 and
BH-02 were subjected to laboratory resistivity measurement
in order to determine electrical resistivity of different
samples under laboratory conditions. Samples were taken
from the different depths of known resistivity values as
determined from field resistivity survey, for instance at the
depth of 0.574 meters, resistivity value is 1892.44 Q-m
according to field survey, therefore, the soil sample was also
taken from 0.574 meters for laboratory resistivity test.
Similarly, all the samples were taken from different depths.

In general, resistivity values obtained in laboratory is
higher than those measured in field possibly due to various
reasons such as change in saturations conditions, temperature
difference and overburden pressure. The maximum
percentage difference in resistivity values obtained at field
and laboratory is 95% and minimum variation is 2.3%.

C. Correlations of Geotechnical and Resistivity Data

The results from electrical resistivity tests (field and
laboratory) and soil characterization tests were analyzed
together to understand the interrelation between electrical

resistivity and various soil properties such as angle of friction,

cohesion, unit weight, and moisture content of soil.
Resistivity data from field and laboratory techniques were
combined for reason of simplicity and generalization and
correlated with various soil properties. Some of the data has
been omitted from the final curve-fitting due to high
deviation from the general trend. Bad data points indicated by
red-circles in the graphs. The correlations between electrical
resistivity and various properties of soil samples were
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evaluated using least-squares regression method. Linear,
logarithmic, polynomial, exponential and power curve fitting
approximations were applied and the best approximation
equation with highest correlation coefficient was selected.
Relationship between moisture content and resistivity values
demonstrates non-linear logarithmic correlation with good
regression co-efficient R*=0.65 (as shown in fig. la).
Electrical resistivity decreases with increasing moisture
content in soils as reported in various previous studies [1, 2, 6,
9, 10, 16].
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Fig. 1. Correlations of electrical resistivity with (a) moisture content (b) unit
weight (c) Angle of internal friction and (d) Cohesion of soil.
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Higher moisture content facilitates conduction of electrical
current through movement of ions in pore water. Fig. 1b
indicates a weak exponential correlation between electrical
resistivity and unit weight of soil with correlation coefficient
R?=0.36. It is also found that the electrical resistivity will
increase with the increase in unit weight of soil. The weak
correlation might be due to the fact that the unit weight of
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depends more on solid constituents than liquid portion of the
soil. More soil samples will be tested to verify this behavior.

The relationship between angle of internal friction and
resistivity indicates that the friction angle increases with
increase of electrical resistivity (as shown in fig. 1c). Angle
of internal friction has a good correlation with regression
co-efficient R*=0.62. The mechanism behind such good
relationship is yet to be explored through extensive testing. It
could not be elaborated at this point of time as it is beyond the
scope of current research paper. Cohesion has weak
relationship with resistivity of soil. Fig.1d shows logarithmic
relationship between cohesion and electrical resistivity. The
trend of the curve indicates that the cohesion increases with
increase of electrical resistivity.

IV. CONCLUSION

Significant quantitative and qualitative correlations have
been obtained between resistivity and moisture content, angle
of internal friction and plasticity index. Weaker correlations
have been observed for cohesion and unit weight of soil. It is
also observed that presence of water-table notably affect
correlations models as below water-table obtained resistivity
values are much lower. More field and laboratory tests
needed to be conducted in different geological environments
in order to establish more precise and generalized correlation
between strength properties and electrical resistivity of soil.
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