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Geotechnical engineering design necessitates a study of soil parameters for calculation purposes. As a complement to the
conventional method, a resistivity survey can give preliminary results in a short amount of time. Tis study uses a statistical
analysis program to show a correlation and regression for predicting soil parameters based on the resistivity value. Sixty-six data
points for each soil parameter and resistivity were used for statistical analysis from six profles of the study area as a part of the
investigation.Te soils are sampled by drilling the borehole up to a depth of 3 meters. TeWenner array was applied to conduct a
resistivity survey. Te collected data were utilized to establish a correlation between resistivity (ρ) and soil parameters such as
moisture content (w), clay content (clay), plasticity index (PI), friction angle (ϕ), bulk density (c), and porosity (n). Te generated
statistic model was improved through several iterations for each correlation. For the ρ-w, ρ-clay, ρ-PI, ρ-ϕ, ρ-c, and ρ-n re-
lationship, the total iterations are 5, 4, 7, 6, 5, and 4 for each correlation, respectively. Resistivity and moisture content showed a
signifcant power correlation, followed by a modest relationship between resistivity and porosity. Between resistivity and other
parameters, relationships such as clay content, bulk density, friction angle, and plasticity index were found to have very weak or no
association. However, some trends can be seen clearly. Tis study aims to ofer the geotechnical engineer a quick preliminary way
of obtaining the associated soil parameters for various geotechnical calculations employing the resistivity approach based on the
developed numerical equation.

1. Introduction

An engineering design requires an accurate assessment of
soil parameters for calculating purposes. For geotechnical
engineering design, several factors must be addressed, in-
cluding density, friction angle, and other factors like water
level, consolidation rate, and settlement [1].Tese factors are
critical in engineering design, especially for evaluating soil-
bearing capacity and slope stability [2]. As a result, every

geotechnical engineer’s responsibility is to ofer a con-
structive design for construction assessment based on soil
parameters data.

A resistivity survey, which is a geophysical approach, has
been discovered to be an alternate mechanism for deter-
mining probable subsurface characteristics without dis-
turbing the soil structure [3]. It has been used in various
engineering disciplines, such as mining, tunneling, and
construction. Engineers will be able to estimate geotechnical
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parameters based on resistivity values as preliminary and
supporting data for geotechnical design by using a reliable
connection between soil parameters and resistivity values,
bridging the gap between geotechnical and geophysical
surveys [4].Te idea behind this study is that soil parameters
may be calculated based on resistivity measurements by
substituting them into correlation equations.

Many studies have attempted to investigate the phe-
nomena of soil resistivity and its connection to other soil
parameters. However, it should be noted that studies con-
ducted by the researchers came globally, which is only
applicable to their local region. Terefore, this study focuses
on the author’s local region, Perak, Peninsular Malaysia.
Although it is still in an early phase, this study tends to utilise
this approach to determine soil parameters based on elec-
trical resistivity use for geotechnical calculation purposes
such as soil-bearing capacity and slope factor of safety (FOS).
Moisture content versus resistivity is one of the metrics that
many studies have correlated efectively. Te fndings did
not contradict resistivity-moisture content correlations
established in soil science literature [5].

Siddiqui and Osman [6] studied the correlation between
resistivity and plasticity index (PI). Te correlations were
poor in all soil types, such as silty sand and sandy soil, while
Bery and Saad, 2012, obtained a moderate relationship on
clayey sand soil. Akinlabi and Adeyemi [7] discovered that
when the plasticity index rose, the resistivity values dropped.
Te researchers determined that soil with more clay or less
granular particles had a varied range of plasticity index and
impacted the resistivity related to moisture content [8–12].
Tis is because clay-rich soil serves as a flter, reducing water
penetration via soil particles collected inside the soil while
increasingmoisture content and conductivity [13].Te efect
of clay percentage attributes to change the soil porosity.
Porosity rose when clay and moisture content rose, resulting
in low resistivity value [14]. However, if the clay is com-
pacted or very dense, tortuosity will develop instead of
porosity, increasing the resistivity value since the current
cannot readily pass through conduction water, increasing
resistance [15, 16].

Researchers found connections between friction angle
and resistivity values using empirical formulas reported in
publications [17–19]. Siddiqui and Osman [20] investigated
the relationship between resistivity and friction angle in
sandy soil, fnding modest and signifcant correlations, re-
spectively. According to them, the mechanism underlying
these weak and robust connections has to be investigated
further through rigorous testing, which is not included in
their study. However, they concluded that as the resistivity
increased, so did the friction angle value.

Researchers used the correlation of resistivity and
density to determine the connection and assess the reliability
of the correlation. Syed and Zuhar [21] measured resistivity
using the Wenner confguration and correlated it to the bulk
density of soil obtained from borehole samples at various
depths.Te soil samples comprised sandy silt, clayey silt, and
silty sand. Te plotted data indicated that bulk density is
proportional to resistivity, and the resulting correlation
revealed a signifcant relationship between the chosen

parameters. Tey assumed increased bulk density was due to
higher soil moisture content and porosity, but no evidence
was presented.

Several attempts have been made in the present study to
develop such correlations for the general soil type of the local
region. From the statistical analysis modelling, through
correlation and regression, the developed equations may
theoretically be utilized to calculate the geotechnical pa-
rameters by simply incorporating the resistivity value, which
would have been difcult to determine otherwise by using
the conventional approach yet limited under certain cir-
cumstances. Tese limitations of the conventional approach
disturb soil structure, limited data coverage, accessible area,
and regular monitoring process. Hence, another quick and
less expensive way of obtaining soil parameters as sup-
porting information of the conventional approach is re-
quired to enable rapid and comprehensive measurement and
computation of geotechnical design at various places either
in the ground or slope.

Tis study aims to investigate the behaviour of soil re-
sistivity on soil properties through an electrical resistivity
survey, laboratory measurement, and statistical analysis
approach. Te development of statistical models for pre-
dicting soil parameters from the resistivity value through
regression includes ftting tests. Te correlations and
equation produced from the analysis can be useful in esti-
mating soil parameters for geotechnical calculation purposes
including soil-bearing capacity and slope factor of safety
(FOS).

2. Methodology

2.1. Site Description. In this study, the resistivity survey and
soil sampling were carried out at six locations which are
located in Seri Iskandar, Tronoh, Pinji, Parit, Sungkai, and
Hutan Melintang area of Perak, Malaysia. All locations
including coordinate are denoted as Profle “a”
(N04°22′52.9″E100°57′54.2″), Profle “b” (N04°31′21.9″
E101°4′33.6″), Profle “c” (N04°25′45.1″E100°57′54.2″),
Profle “d” (N04°32′30.23″E100°55′14.19″), Profle “e”
(N03°59′32.35″E101°18′48.91″), and Profle “f”
(N03°53′19.4″E100°57′07.4″). Generally, the Perak area
consists of silty and medium to coarse type sand with
minimal fne contents. Te area in Seri Iskandar, Parit,
Tronoh, Pinji, and Sungkai is mostly dominated by clay, silt,
sand, and gravel, whereby the obtained samples are con-
sistent with produced deposits as mentioned in the geo-
logical map. Te soil deposits in the Hutan Melintang area
are marine clay and silt. Although some areas are open, cut,
and agricultural, the consistency of the obtained samples is
still the same as the produced deposits.

2.2. Sampling. Samples were obtained by boring the bore-
holes at predetermined sites with a petrol-powered per-
cussion drilling set (CobraTT, Atlas Copco) equipped with a
1 meter core sampler. Boreholes were bored in a comparable
area to perform feld resistivity. Boreholes were drilled at a
maximum depth of 3 meters. Te sampling tube was
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installed in the core sampler before drilling to allow for a
simple and smooth recovery of soil samples from the core
barrel. To avoid moisture loss, the undisturbed samples were
then preserved with a capped plastic and sealed at both edges
of the sampling tube. Te samples were then labelled
according to depth and location. Te samples were returned
to the laboratory for soil parameters analysis.

2.3. Resistivity Survey. At the exact location where the
boreholes were drilled and sampled, a two-dimensional (2D)
resistivity survey was performed. As shown in Figure 1,
electrodes were placed at a consistent distance apart
(GEOTOMO, 2002). ABEM SAS 4000 Terrameter and
Electrode Selector ES-464 were used to collect 2D resistivity
data using Wenner confguration. Before this investigation,
the 2D resistivity equipment was connected to two electrical
wires. Based on available space and 1m, 1.5m, and 2m
electrode spacing, the profle lengths in this investigation
varied from 40 meters to 80 meters. Te data were trans-
ferred, and the apparent resistivity data were kept in “.dat”
fles.

Te obtained data was processed through the inversion
technique by using Res2Dinv software [23]. Te inversion
technique ofers additional information for resistivity value
and pseudosection of the subsurface layer in the 2D resis-
tivity survey, resulting in an accurate result [22]. A forward
modelling program was found for calculating apparent re-
sistivity values and optimizing a nonlinear least-squares
system [24]. Tis system’s synthetic data, which would
theoretically be produced if the measurement was performed
on the frst raw model, is calculated. Tat synthetic data are
then compared to what was collected in the feld. Finally,
optimizing the initial raw model minimizes the mismatch
between the data obtained in the feld and the synthetic data
generated from the raw model. Tis process is called iter-
ation, which is done three to four times on average but might
be fewer or more. Each iteration is allocated a certain
percentage known as the root mean square.

Root mean square (RMS) is a statistical measure of how
closely feld data matches synthetic data. Without consid-
ering noise and calculation mistakes, the allowable error
percentage that may be considered, in general, should be less
than 6% [25]. Accepting the produced pseudosection based
on the RMS error alone is insufcient to validate the quality
of the fndings. Te model with the lowest RMS error can
exhibit huge and unnatural fuctuations in model resistivity
values and may not always be the “optimal” model from a
geological aspect. Te most prudent approach is to select the
model at the iteration when the RMS error does not con-
siderably change [26].

2.4. Statistical Analysis. Before analysing pertinent data in
this study, it was paramount to understand the features and
factors exhibited that could afect the magnitude of soil
resistivity. It should be taken to note that the soil compo-
nents infuence the resistivity of a certain portion at diferent
degrees, some peculiarly at a greater degree as compared to
others. A certain parameter could still establish the variance,

and also the fact that these parameters infuence one another
could make it more complicated to establish a diferent
unique independent correlation of resistivity with a par-
ticular soil parameter. For instance, high moisture content
theoretically has a porosity, which somehow could afect the
soil’s strength parameter, but the degree of these parameters’
infuence varied, either towards the soil resistivity value or
soil parameters.Tis is why a desktop study is essential in the
geotechnical area before site investigation and survey is
conducted so that the information of the proposed area,
regardless of any purposes such as construction, slope as-
sessment, and mitigation, can be obtained as part of the
preliminary assessment.

Te correlation and regression of obtained data of re-
sistivity and soil parameters value were performed through
statistical analysis software. It should be noted that the study
of correlation and regression was used to determine broad
trends for general soil types. Tis is because the behaviour of
resistivity with soil parameters in particular soil types may be
less informative and considerably diferent from general
relationships [27, 28]. Te produced statistical model from
OriginPro version 2019b was assessed and the correlated
variables’ reliability was evaluated. Hence, descriptively
defne the data through numerical procedures. Trough
ftting analysis, this statistical model involved power allo-
metric one function using the classical Freundlich Model,
and the Levenberg–Marquardt algorithm was used for the
iteration algorithm. Te quality of the ftted data model is
determined based on the R, R2, adjusted R2, and the standard
error of the estimate [29]. However, in this paper, the
standard error of the estimate will not be discussed. Te
relationship between variables and the produced value is
denoted as the correlation of the coefcient, R [30]. Te
correlation coefcient is a statistical metric used to assess the
strength and direction of data classifcation, data analysis,
clustering, decision-making, fnancial analysis, biological
research, engineering statistics, and other data-related ac-
tivities [31]. Te correlation coefcient is determined by
dividing the covariance ofX and Y by the standard deviation,
which is expressed as follows [32]:

r �
 Xi − X  Yi − Y 

Σ Xi − X 
2
Σ Yi − Y 

2
 

1/2 , (1)

where X and Y are the mean averages of X and Y, and the
correlation coefcient, often known as the amount of as-
sociation between specifed variables, determines whether
the relationship is positive or negative. From negative
correlation (−1) to no correlation (0) to positive correlation
(+1) and the value range (1) are all shown in Figure 2.

Te basis of the correlation coefcient, R, can be
interpreted as meaningful by squaring the R known as the
coefcient of determination, R2. It is a statistical measure-
ment or summary of data that approaches near the ftted
regression line of multiple regressions [34]. Te R2 is a
number that ranges from 0 to 1, indicating that the model
created may be explained by the variability of the data
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response. Due to the apparent functional dependency be-
tween X and Y, the value of R2 demonstrated that R is a
relevant measurement from the ftting regression.

Nonetheless, a low or high R2 value is acceptable, and it
does not necessarily suggest that themodel is well ftting.Te
acceptable criterion for R2 for validation purposes is typically
set to 0.6 [35–37]. It is entirely expected that the R2 value will
be low in some categories since it is more challenging to
predict behaviour such as physical processes, human be-
haviour, or soil behaviour [38]. Te success of the ftted
model, which the changes in the set data may describe, will
be validated by an acceptable generated regression model
[39]. As a result, the R2-based correlation characteristic
description’s conclusion is ambiguous or undefned. Te
purpose of regression analysis is to determine the relative
infuence of a predictor variable on the outcome. It entails
the use of a dependent variable and independent variables to
construct an empirical formula or equation [33]. Te in-
teraction between the factors and the responses was also
obtained from the numerical analyses of the data by using
the ANOVA test to analyse the variance. Te P value was
used to evaluate model terms with a 95% confdence level.
Te linear model with a P value of (0.0001) was signifcant
enough to suggest a probability of error of less than 0.05.

3. Results and Discussion

3.1. Soil Analysis. A borehole sampling initially obtained the
soil samples up to 3m. Te samples were examined and
evaluated to determine the index and engineering

parameters of the soil. Te samples were examined and
assessed in the laboratory according to British Standard
(BS). In general, clayey sand (SM) type mixes of sand and
clay were discovered in profles b, c, d, and e up to a depth of
3m. Te soil profle “a” location revealed poorly graded
sands, gravelly sands, and little or no fne particles (SP). Te
soil type of profle “f” is inorganic silt (MH), which includes
inorganic silts, micaceous or diatomaceous, fne sandy or
silty soils, and elastic silts. Table 1 shows the unifed soil
classifcation system’s profle and soil type parameters.

3.2. Resistivity Profle. Te pseudosection of the resistivity
survey is depicted in Figure 3. As illustrated in the fgure, the
profles of the soil sampling up to 3 meters in depth are
shown in the six pseudosections. Figure 3(a) indicates the
resistivity value, ρ, where the soils were sampled ranging
from 60Ω.m to 110Ω.m. Te composition of profle
Figure 3(a) was described as silty sandy clay with a high
water level. Te resistivity values of the soil of the pseu-
dosection in Figure 3(b) ranged between 300Ωm and
1200Ωm. Te area indicated that the subsurface material
was dominated by sand and fne soils. In Figure 3(c), the
resistivity values ranged between 500Ωm and 1400Ωm.
Similar to Figure 3(b), the profle of Figure 3(c) was
interpreted to comprise loose and fne material, such as sand
and clay. A similar interpretation was applied to Figures 3(d)
and 3(e), where the resistivity values ranged from 200Ω.m
to1000Ω.m and 100Ω.m to800Ω.m, respectively. Te re-
sistivity value of profle f (Figure 3(f)) was found to range
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Table 1: Range value of study soil parameters.

Profle USCS group
symbol

Moisture content, w

(%)
Clay content, clay

(%)
Plasticity index, PI

(%)
Friction angle,

ϕ

Bulk
density,

c (g/cm3)

Porosity, n
(%)

a SP 11–19 1–7 17–20 22–27 1.3–1.8 40–60
b SC 10–30 18–45 20–60 14–25 1.9–2.3 30–42
c SC 13–28 2–27 3–19 34 1.4–2.3 7–60
d SC 10–30 2–23 6–20 8–35 0.8–2.4 29–77
e SC 8–45 2–44 22–34 9–32 1.2–1.9 40–64
f MH 60–160 32–60 19–30 5–35 1.3–1.5 68–81

BH 1
-30.0 -18.0 -6.0 6.0 18.0 m.

8.60
7.20
5.93
4.78
3.73
1.91

0.375

D
ep

th

Iteration 3 RMS error = 6.3 %

Unit electrode spacing 1.50 m.

Inverse Model Resistivity Section

22.4 38.2 65.2 111 190 323 552 941
Resistivity in ohm.m

(a)
BH 1 BH 2

-20.0 -12.0 -4.0 4.0 12.0 m.

5.73
4.80
3.96
2.49
1.27

0.250

D
ep

th

Iteration 3 RMS error = 2.3 %

Unit electrode spacing 1.00 m.

Inverse Model Resistivity Section

176 242 332 455 625 857 1177 1615
Resistivity in ohm.m

(b)
BH 1 BH 2

-40.0 -24.0 -8.0 8.0 24.0 m.

7.91
9.60
11.5

6.37
4.98
3.70
2.55

0.500

D
ep

th

Iteration 3 RMS error = 15.9 %

Unit electrode spacing 2.00 m.

Inverse Model Resistivity Section

54.2 85.8 136 215 340 539 853 1351
Resistivity in ohm.m

(c)
BH 1 BH 2

-20.0 -12.0 -4.0 4.0 12.0 m.

4.80
3.19
1.85

0.250

D
ep

th

Iteration 3 RMS error = 5.0 %

Unit electrode spacing 1.00 m.

Inverse Model Resistivity Section

67.8 98.9 144 210 306 446 649 946
Resistivity in ohm.m

(d)
BH 1 BH 2

-20.0 -12.0 -4.0 4.0 12.0 m.

4.80
3.19
1.85

0.250

D
ep

th

Iteration 3 RMS error = 4.1 %

Unit electrode spacing 1.00 m.

Inverse Model Resistivity Section

75.3 112 167 249 370 551 820 1221
Resistivity in ohm.m

(e)

Figure 3: Continued.
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from 2Ω.m to 28Ω.m.Te subsurface material of this profle
comprises silty sandy clay. Te resistivity values obtained
from these profles were used for correlation and regression
with soil parameters, followed by evaluation using a sta-
tistical model.

3.3. Statistical Model and Regression Analysis. Te statistical
model of data resistivity and soil properties values are
tabulated in Table 2. Te total number of points in this
statistic model before refning was 66, and each parameter’s
degree of freedom value varied. For each interrelation be-
tween resistivity and soil parameters, the generated statistic
model went through a number of iterations. Tese numbers
are 5, 4, 7, 6, 5, and 4 for ρ-w, ρ-clay, ρ-PI, ρ-ϕ, ρ-c, and ρ-n
relationship, respectively. From reduced chi-squared values,
the statistical model shows that the ft testing is 100%
converged with a chi-square tolerance value of 1E− 9 that is
reached. Te prediction quality of the soil parameters from
resistivity is based on multiple correlation coefcients, R.
Te R values were found between 0.0692 and 0.9382.

However, the R value is supported by the coefcient of
determination, R2 (COD). Tis R2 is the proportion of
variance in the dependent variable that the independent
variable can explain. From the correlation between re-
sistivity and soil parameters, the R2 values varied from
perfect/strong to no association of the size of the corre-
lation. Te R2 of interrelation between resistivity and
moisture content (w), clay content (clay), plasticity index
(PI), friction angle (ϕ), bulk density (c), and porosity (n)
was found to be 0.8802, 0.4093, 0.0048, 0.2292, 0.3028, and
0.5717, respectively.Te adjusted R2 was found to be lower
than R2, which indicates the model’s usefulness for the
better ft of the regression line [29]. Tus, the adjusted R2

will be employed for the correlation reliability.
Te F-ratio in the ANOVA, as tabulated in Table 3, was

analysed to identify the data ftness for the overall re-
gression model. According to the analysis, the table shows
that the independent variables statistically and signifcantly
predict the dependent variable, where at the 0.05 level, the
ftting function is signifcantly better than the function
y � 0. Te regression model of ρ-w relationship F (2, 64) �

487.4, p (1.86E − 39)< 0.05 is a good ft of the data. Similar
patterns happened to other relationships with F (2, 64)
values of 113.94, p (8.15E− 22); F (2, 64) 64.58, p

(4.45E − 16); F (2, 46) 227.44, p (1.41E − 24); F (2, 63)
999.76, p (1.89E− 48); and F (2, 64) 778.11, p (1.23E− 45)

for ρ-clay, ρ-PI, ρ-ϕ, ρ-c, and ρ-n relationship, respectively.
In general, the relationship between soil parameters and
resistivity shows that independent variables statistically
and signifcantly predict the dependent variable.

Figure 4(a) illustrates the correlation between resistivity
and soil moisture content.Temoisture content ranges from
10% to 150%, whereas resistivity values vary from 1Ω.m to
1500Ω.m. Te power regression shows a perfect/strong
correlation with an adjusted R2 of 0.8784. According to
several studies, as moisture content increases, the resistivity
value falls. Based on the current tendency, soil moisture acts
as a channel for the current fow. As a result, a decrease in
moisture content caused by ionmobility in pore water would
diminish electrical current conduction while increasing
resistance to current fow. Previous investigations have
revealed a similar tendency, with resistivity values de-
creasing as soil moisture content increases [40]. Although
moisture content is the principal cause of resistivity varia-
tions, other variables or soil characteristics should be
addressed since they may also impact resistivity, including
plant roots and soil temperature. According to Ni et al. [41],
higher root length, higher conductivity (lower resistivity),
and high moisture content can be detected due to the fact
that low soil temperature could increase the water fow
resistance through the soil-plant-atmosphere continuum
that leads to an increase in root length density or root surface
area.

Te behaviour of resistivity correlated with the per-
centage of clay shows a decreasing power regression, as
illustrated in Figure 4(b). It can be said that the percentage of
clay content is high at low resistivity and vice versa. Clay
content also attributed low or high resistivity value to the
surface conduction in the double layer of clay mineral
particles, which is more prominent in higher or lower ionic
concentration fuids, thus infuencing soil moisture content
[42]. Although the concept of resistivity related to moisture
content is widely known, more research into the medium of
water adsorbent is required. Tis is since some materials,
such as clay, may function as a water adsorbent. In this
study, the clay particle imitates the moisture content and
adds to the resistivity behaviour [8]. From the regression, the
relationship was found to be weak, with an adjusted R2

0.4001. A reduction in resistivity value is attributed to a rise
in clay percentage, as many researchers have claimed [9–12].

Te relationship between resistivity and plasticity index
(PI) values of soil is shown in Figure 4(c). Te results show
that there is no correlation between the two parameters.

BH 1 BH 2
-20.0 -12.0 -4.0 4.0 12.0 m.

4.80
3.19
1.85

0.250

D
ep

th

Iteration 3 RMS error = 3.7 %

Unit electrode spacing 1.00 m.

Inverse Model Resistivity Section

1.97 3.36 5.72 9.74 16.6 28.2 48.1 81.8
Resistivity in ohm.m

(f )

Figure 3: (a)–(f) Pseudosections of resistivity survey for profle.
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Table 2: Summary statistical analysis for soil parameters with resistivity.

Parameters Moisture content, w Clay content Plasticity index, PI Friction angle, ϕ Bulk density, c Porosity, n
Number of points 66 66 66 48 65 66
Degrees of freedom 64 64 64 46 63 64
Reduced chi-square 195.02 183.76 192.27 52.14 0.09 118.83
Residual sum of squares 12481.16 11760.85 12305.48 2398.34 5.79 7605.22
R-value 0.9382 0.6398 0.0692 0.4787 0.5503 0.7561
R-square (COD) 0.8802 0.4093 0.0048 0.2292 0.3028 0.5717
Adj. R-square 0.8784 0.4001 −0.0108 0.2124 0.2917 0.5650
Root-MSE (SD) 13.96 13.56 13.87 7.22 0.30 10.90
Number of iterations 5 4 7 6 5 4
Fit status Succeeded (100) Succeeded (100) Succeeded (100) Succeeded (100) Succeeded (100) Succeeded (100)

Table 3: Analysis of soil parameters using the ANOVA test.

Parameters Model DF Sum of squares Mean square F value Prob> F

Moisture content, w

Regression 2 190103.21 95051.60 487.40 1.86E− 39
Residual 64 12481.16 195.02

Uncorrected total 66 202584.36
Corrected total 65 104217.66

Clay content

Regression 2 41876.66 20938.33 113.94 8.15E− 22
Residual 64 11760.85 183.76

Uncorrected total 66 53637.51
Corrected total 65 19911.53

Plasticity index, PI

Regression 2 24835.31 12417.66 64.58 4.45E− 16
Residual 64 12305.48 192.27

Uncorrected total 66 37140.79
Corrected total 65 12364.62

Friction angle, ϕ

Regression 2 23716.89 11858.45 227.44 1.41E− 24
Residual 46 2398.34 52.14

Uncorrected total 48 26115.23
Corrected total 47 3111.47

Bulk density, c

Regression 2 183.67 91.83 999.76 1.89E− 48
Residual 63 5.79 0.09

Uncorrected total 65 189.46
Corrected total 64 8.30

Porosity, n

Regression 2 184928.47 92464.24 778.11 1.23E− 45
Residual 64 7605.22 118.83

Uncorrected total 66 192533.69
Corrected total 65 17755.98
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However, the trend or pattern of the regression line can be
observed in the image, which shows that the PI decreases as
the resistivity increases [43]. Te decrement of PI in the soil
is due to coarse particles (less clay) dominating the per-
centage in soil and thus increasing the ρ.

Te relationships between resistivity, ρ, and friction
angle, ø, values of soil are depicted in Figure 4(d). Te re-
lationship between ρ and ø produces adjusted R2 � 0.2124,
demonstrating that the variables are unrelated, although the
trend suggests that resistivity rises as the friction angle rises.
Te reduction in moisture content is one probable reason for
the rise in friction angle. Osman and Siddiqui [17] dis-
covered a similar trend for all soil types in the ρ-ø rela-
tionship and explained that soil shear strength increases as
moisture content decreases.

Te correlation of resistivity, ρ, with bulk density, c, was
successfully established for all soil types, as shown in
Figure 4(e). Te relationship shows a weak correlation with
an adjusted R2 � 0.2917. Te rising regression lines between
these two variables may be seen in the correlation. Te
resistivity value of soils increases as they get denser, whereas
the moisture content decreases [44]. Te only rational ex-
planation for why bulk density rises when resistivity rises (in

both sandy and clayey soil) is that the volume of voids in the
soil reduces, resulting in a drop in moisture content.Te rise
in resistivity is because of the decrease in moisture content.

Figure 4(f ) illustrates the relationship between resis-
tivity (ρ) and porosity (n) for all soil types, indicating that
the produced regression line is moderate with adjusted R2

equal to 0.5650. It can be shown that as porosity increases,
the ρ decreases and the fndings of this relationship
demonstrate that porosity is inversely related to resistivity
[45]. A soil that contain a high percentage of moisture
content and clay content produced high porosity, which
caused the ρ to be low [46]. Since the porosity is calculated
based on the void ratio, studies reveal that the relationship
of ρ-n resembles the relationship between resistivity and
the void ratio [47].

Te generated equation was derived from correlation
and regression. Although several of the produced equations
are suspected owing to their faws and inability to relate the
variables, the regression trends demonstrate the possibility
for a probable correlation. Table 4 listed the unstandardized
coefcient denoted as “a” and “b” for the general form of the
equation to predict soil parameters based on the power
model.
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Figure 4: Correlation resistivity in equation y� axb. (a) Against moisture content; (b) against clay content; (c) against plasticity index;
(d) against friction angle; (e) against bulk density; (f ) against porosity.
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4. Conclusion

Te soil parameters, namely moisture content, clay content,
plasticity index, friction angle, bulk density, and porosity,
were correlated with the resistivity value obtained from the
feld survey using Wenner confguration. Te obtained
samples were limited up to a depth of 3 meters. A total of 66
data points for each parameter were correlated with re-
sistivity and analysed through a statistical analysis model.
Te analysis model indicates that the relationship between
soil parameters and resistivity shows that independent
variables statistically and signifcantly predict the depen-
dent variable when at the 0.05 level, and the ftting function
is signifcantly better than the function y � 0. Although the
ftting model has shown its functionality, the acceptance of
the relationship is based on the value of the correlation of
coefcient (R), coefcient of determination (R2), and ad-
justed R2.

Te power allometric statistical model indicates the
correlations for each parameter with resistivity were
found to vary. A power regression shows a perfect/strong
correlation with an adjusted R2 equal to 0.8784. Further,
the resistivity (ρ) and porosity (n) correlation for all soil
types exhibited regression line is moderate, with adjusted
R2 equal to 0.5650. However, between resistivity and clay
content, friction angle, bulk density, and plasticity index,
the relationship was observed to be very weak or with no
association. Te adjusted R2 was found to be 0.4001,
0.2124, 0.2917, and −0.0108, respectively. Although these
values are low or not, showing any signifcant correlation
based on adjusted R2, the regression trends show the
possibility for a probable correlation. Te limitation of the
developed numerical equation is only applicable to
shallow subsurface up to a depth of 3 meters. Further-
more, the sample size used for statistical analysis is rel-
atively small. Terefore, further studies are suggested to
analyse the correlation and regression with massive data
and extend the depth of sampling. Tis study is still
considered a preliminary stage, the established equations
from correlation resistivity with soil parameters will be
practical to obtain the parameter value of a soil for en-
gineering design by applying a resistivity survey. Hence,
we support the information obtained through the con-
ventional approach.
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