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1.  Introduction

The properties of soil are the most important aspect of 
ground engineering. In geotechnical engineering design, 
the most essential aspect that requires to be considered 
involve the soil moisture content, cohesion, friction angle, 
unit weight, saturation degree, porosity, plasticity index 
and size distribution. These properties are important 
elements especially in determination of bearing capacity 
and slope stability in soil.

Soil Investigation (SI) through borehole drilling and 
sampling offers the most dependable value of the relevant 
soil properties for the purpose of geotechnical design, 
however it is laborious, expensive and invasive. Therefore, 
an alternate quick, non-destructive and environmental 
friendly of assessing soil properties is very crucial so 
as to enable quick and widespread measurements and 
calculation of ground engineering design at different 
conditions of soil which is an essential factor in the 
prediction/mitigation of soil failures or landslides. As an 
alternate, geophysical method has been found to be an 
impressive tool for describing subsurface profile without 
disturb the soil structure.

Geophysical methods (electrical resistivity, 
geothermal, gravitational, magnetic etc.) have become 
widely known in engineering site characterization. 
Among these methods electrical resistivity survey is 
very impressive tools for describing subsurface profiles 
without disrupt the soil structure1.

The electrical resistivity is potentially used as a 
non-destructive method to estimate soil compaction 
performance for highway embankments, earth dams, and 
many various fields of civil engineering. It is expected 
with further technical refinement where it could also 
be used to detect soil porosity or anomalous materials 
in soil2. This research proposes a resolution for soil 
investigation and properties identification by introducing 
electrical resistivity correlated with soil properties 
(moisture content, cohesion, friction angle and plasticity 
index). Possible correlations of various soil properties 
with electrical resistivity will bridge the gap between 
geotechnical and geophysical engineering and also 
enable geotechnical engineers to estimate geotechnical 
parameters from electrical resistivity data.

Electrical resistivity survey has been widely used by 
correlating the changes of subsurface resistivity with the 
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soil properties3. Most of the published reports are focusing 
on moisture content while in this study, by using cohesion 
(c) and friction angle (ø) is a new approach to correlate 
resistivity with soil properties. Resistivity can be defined 
in the context of current flow through a subsurface 
medium (soil) consisting of layers of materials with 
different resistivity4. The major purpose of soil resistivity 
is to determine the resistivity distribution of sounding 
in soil volume. The applied current in the soil indicates 
difference produced potential volume. The produced 
potential volumes with different values can represent the 
types of materials of soils including its properties. Thus, 
it’s providing information with regards to soil profiles. In 
simple definition, the electrical resistivity survey can be a 
proxy for variability of soil physical properties. 

The resistivity values shown in Figure 1 the soil 
component can be in different range because of certain 
factors; salinity, clay content, cation exchange capacity, 
clay mineralogy, pore size and their distribution, moisture 
content, and temperature5. Among these factors, moisture 
content and conductivity are the major controlling factors 
of bulk soil electrical resistivity due to main mechanism 
involved are current6.

Figure 1.    Typical resistivity and conductivity values 
in various earth materials.

The objective of this paper is to propose a possible 
assessment for soil investigation by correlating the 
resistivity values with soil properties (limited to all kind 
of soil in tropical area and not applicable on rock). Note 
that the effect of mineral composition in the soil is not 
taken into this study.

2.  Materials and Methods

This study was carried out in two major phases; soil boring 
and laboratory work (soil properties and resistivity).

The soil boring was operated by using petrol-operated 
percussion drilling set model: CobraTT, Atlas Copco 
equipped with 1-meter tube sampler for sampling 
process. The bore holes were drilled to a certain depth 
for undisturbed samples. The undisturbed samples were 
kept in plastic cylinder and capped tightly and numbered 
according to the boreholes and depths. 

2.1 Soil Analysis
The laboratory tests on selected soil properties (moisture 
content, shear strength and plasticity index) were 
conducted on samples acquired through drilling and then 
brought to the laboratory. Then, soil samples from various 
depths were analyzed for its resistivity value in laboratory 
condition according to BS 1377: Part 3: 1990: 10.2 where 
two electrodes disk will be mounted on each side of soil 
samples. The disks will be clamped to make sure the disk 
and soil resist before the electrical potential (30, 60 and 90 
volts) applied. The soil resistivity can be calculated based 
Equations (1) and (2).

            (1)

 (A/L) x R          (2)
Where:
R = resistance calculated from applying volts divide 

captured current from soil
A =is cross sectional area 
L =length of the sample, L 
rs = resistivity value

2.2 Correlation and Regression
The correlation analysis was measured in order to interpret 
the strength of a linear or nonlinear relationship between 
two continuous variables. Meanwhile, simple regression 
analysis is to evaluate the relative impact of a predictor 
variable on a particular outcome7. The correlation and 
regression was conducted by using Microsoft Excel. The 
equation produced from correlation and regressions 
particularly use of Pearson method to obtain coefficient of 
determination, R2 where the value is square of correlation 
coefficient, r8,9.

The interpretation of coefficient can be found as listed 
in Table 1 order to determine the strength and rank of the 
correlation10.
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Table 1.    Interpretation size of correlation coefficient
Size of correlation Strength of correlation
0.9 – 1.0 Highly Perfect/ Very strong
0.7 – 0.9 Perfect/ strong
0.5 – 0.7 Moderate
0.3 – 0.5 Weak
0.0 – 0.3 No association

3.  Results and Discussion

Relationship between moisture content and resistivity 
values obtained from laboratory work for all type of 
soil is demonstrated shown in Figure 2. The regression 
shows strong correlations between these two variables 
with coefficient of determination R2 = 0.8168. From the 
regression line of moisture content and resistivity values, 
the empirical formula is developed for the soil samples 
investigated;

123.93rs
−0.252         (1)

Previous studies have showed resistivity value 
decreases with growing soil moisture content11,12. Through 
movement of ions in pore water at low value of moisture 
content tends to reduce the conduction of electrical 
current. 

Figure 2.    Correlation laboratory resistivity and 
moisture content.

The moisture-resistivity relationship shown in Figure 
3 obtained by the current research was compared with 
an established relationship in published report6,13–15. The 
obtained relationship model depicts similar trend where 
resistivity value increases in function with decrement of 
the moisture content.

Figure 3.    Correlation laboratory resistivity and moisture 
content.

The regression trend of cohesion and soil resistivity is 
shown in Figure 4. The result presents a strong relationship 
between cohesion and resistivity with coefficient of 
determination R2 = 0.7198 as shown in figure 4. Referring 
to obtained relationship, it can be concluded that resistivity 
value increases with increasing of cohesion. However, 
the cohesion values tend to decrease as resistivity values 
increase. The reason behind this phenomenon due to 
soil becomes sandy and at this point the cohesion will be 
less16. Hence, the moisture content will also be less. This 
is associated with its density, compression of clay particle 
and bonding between the particles of very fine clay17.

Figure 4.    Correlation laboratory resistivity and cohesion.

The produced empirical formula for cohesion(c) 
calculation from resistivity is given as follow;

-3E-0.5rs
2+0.0918rs+ 21.544        (2)

where, rs is the electrical resistivity (Ω.m) and c is 
cohesion (kPa).

The correlation between angle of friction and soil 
resistivity values is depicted in Figure 5. The produced 
regression trend shows a moderate relationship with the 
coefficient of determination, R2 was equal to 0.6337. The 
potential reason that attributes to the high friction angle 
is due to the low moisture content. It is understandable 
that soil shear strength reduces corresponding to high 
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moisture content. An increment in soil moisture turns 
the resistivity to be decreased. Hence, at higher friction 
angle, lower moisture will be observed corresponds with 
higher resistivity. Additional factor to the increment 
angle of friction value is due to high percentage of sand 
composition and hence, triggers the resistivity to be 
increased. Moreover, soil porosity could also the reason 
for this increasing trend. Generally, porosity will affect 
the pore size and air voids volume which in turn the 
saturation degree to be lower or higher. Saturated pores 
can create bridges between particles and develops particle 
contact18,19. Thus, lower and higher resistivity in function 
with friction angle of soil material is the results of the 
mentioned statement.

The equation to calculate friction angle from resistivity 
is given as follow;

4.7036ln(rs)+6.6297        (3)

where, rs is the electrical resistivity (Ω.m) and ø 
is friction angle.

Figure 5.    Correlation laboratory resistivity with 
friction angle.

The moderate relationship between plasticity index and 
soil resistivity value is illustrated shown in Figure 6. The 
result indicates a degree correlation between PI and soil 
resistivity with coefficient of determination R2 = 0.6337.

Figure 6.    Correlation laboratory resistivity with 
Plasticity Index (PI).

From the relationship between plasticity index and 
resistivity values, the following equation is obtained;

-2.71ln(rs)+29.793        (4)

where, rsis the electrical resistivity (Ω.m) and PI is 
plasticity index (%). This phenomenon shows that soil 
with higher PI, a higher percentage of fines, or a lesser 
granular grains generally have lower resistivity values.

4.  Conclusion

The findings in this study offer a significant data 
and research materials regarding soil resistivity. 
The results from laboratory work were analyzed 
together to cognize the interrelation among soil 
properties and electrical resistivity. The relationship 
between moisture content and resistivity values has 
demonstrate a strong correlation (R2 = 0.8168) as 
published in numerous reports. A strong correlation 
was found among cohesion and resistivity with R2 
was found to 0.7198. The regression produced an 
empirical formula -3E-0.5rs

2+0.0918 rs+ 21.544. 
More data collection is needed in order to understand 
the relation between friction angle and plasticity 
index (PI) with resistivity whereby a moderate 
correlation was obtained in this study. The empirical 
formula was in form of 4.7036ln(rs)+6.6297 
and -2.71ln(rs)+29.793, respectively. From 
produced empirical formulas, this study intends 
to assist geotechnical engineers in determining the 
site suitability in a short period of soil investigation 
work. Also, it is hoped that this study will be 
helpful for the existing ground engineering design 
for the enhancement purpose. Although new, the 
obtained data in this study has been consistent and 
supports most of the results by previous researchers. 
Nevertheless, this work can be improved by having 
varies research sites, longer period of observing and 
data recording for the purpose of generating more 
accurate correlation.
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