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Abstract

This study explores the correlation between Electrical Resistivity
Tomography (ERT) and borehole (borelog) data to characterize
subsurface properties at a coastal semi-developed area in Melaka,
Malaysia. The objective is to assess how resistivity values correspond
to soil or rock information obtained from boreholes, with a focus on
geological features, material types, and groundwater levels. A strong
linear correlation (R? = 0.93) was established between resistivity
values and SPT N-values, especially where ERT lines were closely
aligned with borehole locations. The research evaluates the reliability
and applicability of ERT as a non-destructive method, comparing it to
traditional point-based techniques like the Standard Penetration Test
(SPT). By integrating continuous ERT profiles with borehole data, the
study addresses trade-offs in resolution and accuracy between these
methods. Results show a strong correlation between resistivity and
SPT N-values, particularly in areas where ERT lines were closely
aligned with boreholes. The findings highlight the applicability of ERT
as a complementary tool for preliminary geotechnical investigation and
slope or coastal site assessment in urban and geologically complex
environments.

1. Introduction

Subsurface investigation is a critical component of construction and civil engineering projects, as soil and rock
conditions can vary significantly over short distances and time [1]. The Standard Penetration Test (SPT) is widely
used for determining soil strength and classification, yet it provides data only at discrete points, making it labor-
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intensive, time-consuming, and sometimes insufficient for complex geological settings [2], [3]. Electrical
Resistivity Tomography (ERT) offers a non-invasive alternative capable of mapping subsurface structures over a
continuous profile [4] — [8]. It is particularly effective in identifying geological features, groundwater levels, and
soil variations due to its sensitivity to differences in electrical resistivity, which depends on factors like moisture
content, mineral composition, and soil texture [2], [9] — [11].

While SPT provides direct measurements of soil resistance to penetration (N-values), it is subject to variability
from human error and equipment inconsistencies [12]. Conversely, ERT measures electrical conductivity
indirectly through electrode arrays, offering broad spatial coverage [14]. In coastal regions, the salinity and
moisture content in soils can significantly influence the correlation between SPT N-values and resistivity
measurements [2], [13], [15], [16]. In previous study, Sudha et al. [17] emphasized that the relationship between
ERT and SPT is highly site-specific. However, despite increasing applications of ERT in Malaysia, limited studies
have quantitatively established resistivity-SPT correlations in coastal or semi-developed zones, particularly in
Melaka, where saline influence and heterogeneous subsurface conditions may alter geophysical responses; most
existing research focuses on inland residual soils or generalized empirical relationships without detailed site-
specific validation. Therefore, a clear research gap exists in evaluating the reliability of ERT for preliminary
geotechnical investigation in Malaysian coastal environments. This research aims to establish such a correlation
for the Terendak area in Malacca by analyzing data from ERT profiles and two boreholes using regression analysis,
contributing a quantitative assessment of the resistivity-SPT relationship, establishing a site-specific regression
model to evaluate correlation strength, and demonstrating the applicability of ERT as a complementary tool for
preliminary geotechnical and coastal site investigation [18], [19].

2. Study Area

Environmental factors were considered during the meticulous planning phase, including the possibility of the
presence of geological faults and the complex lithological formations that can affect resistivity readings due to
variations in subsurface properties. The study area is located in Terendak, Malacca state of Malaysia and is
characterized by regional geology dominated primarily by coarse-grained biotite granite, consisting mainly of
quartz, feldspar, and mica minerals, as shown in Fig. 1 [20]. Geomorphologically, the area lies near coastal
landforms (Fig. 2) and is interspersed with man-made structures, reflecting significant urban development. It
features a mix of developed zones and natural or landscaped green spaces (Fig. 3). The study site includes a steep
coastal slope where slope failure occurred between 82.5 and 100 m along the survey line (Fig. 4). The slope
measures approximately 6 m in height, 15 m in width, and has an angle of 25 degrees.
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Fig. 3 Vegetations at the P.O. | Fig. 4 Slope failure along the survey line

This study utilized the ABEM Terrameter LS2, an advanced instrument designed for measuring subsurface
electrical resistivity. The equipment integrates seamlessly with ERT to accurately detect variations in subsurface
electrical properties, aiding in the identification of rock types, soil composition, and groundwater presence. The
multi-electrode system enabled efficient data collection across the site locations, thereby enhancing the spatial
coverage of the survey. The layout of each survey line was carefully planned, taking into account geological
composition, topographic elevation, site accessibility, guidance from reference materials.

Here, two 200 m long survey lines were deployed using the Gradient XL protocol to investigate subsurface
conditions up to a depth of 40 m. The locations of two SPT boreholes and two ERT lines are shown in the diagram,
with each ERT line positioned strategically near its corresponding SPT borehole to facilitate data comparison. This
layout, often adopted in major geotechnical and geophysical investigations, enhances the correlation between
methods [21], [22]. The collected data were then processed into pseudo cross-sections to visualize the subsurface
conditions at each proposed site.

3. Methodology

This study employed two complementary methods to investigate subsurface conditions: the SPT and ERT. The
SPT was used to obtain in-situ measurements of soil strength and collect soil samples, providing critical
information on geotechnical properties such as relative density, consistency, and bearing capacity. In parallel, the
ERT method was applied to measure variations in electrical resistivity within the subsurface, offering insights into
soil composition, moisture content, and the presence of groundwater. Following data acquisition, the results from
both methods were analyzed collectively. The electrical resistivity profiles generated by the ERT survey were
correlated with the geotechnical data obtained from the SPT, particularly focusing on the relationship between
resistivity values and soil strength parameters such as N-values.

The apparent resistivity data were processed using inversion software to generate two-dimensional
resistivity models, with final root mean square (RMS) errors ranging between 12% and 14.6%. These RMS values
are considered acceptable for coastal terrains, where heterogeneous sediments, saline groundwater intrusion,
and near-surface moisture variations commonly increase inversion uncertainty, and are within the generally
acceptable range for near-surface geophysical investigations. Following inversion, resistivity values were
extracted at depths corresponding to SPT test intervals to ensure consistent depth matching. A total of regression
data points was obtained by pairing averaged resistivity values from the inverted ERT sections with
corresponding SPT N-values at matching depth ranges, with depth correlation based on the closest vertical
alignment between borehole positions and ERT profiles.

By comparing these datasets, the study aimed to establish a meaningful correlation between electrical
resistivity and geotechnical strength characteristics. Identifying such a correlation is essential to the primary
objective of this research, which is to enhance the interpretation of resistivity data by integrating it with
conventional geotechnical testing. This integrated approach can improve the accuracy and reliability of subsurface
investigations, ultimately supporting better-informed decisions in site characterization, construction planning,
and groundwater resource assessment.

3.1 Standard Penetration Test (SPT)

The SPT is one of the most widely used in-situ testing methods in geotechnical engineering, providing critical
information about subsurface conditions. This test plays a fundamental role in site investigation by offering
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valuable data on soil stratigraphy, soil classification, and the depth and position of the groundwater table. Its

simplicity, cost-effectiveness, and reliability have made it a cornerstone technique in preliminary site assessment

for construction, foundation design, and geotechnical research. The SPT process involves a systematic three-stage
procedure:

1. Drilling: A borehole is drilled into the ground using a rotary or percussion rig to reach the desired testing
depth. Casing is often used to prevent borehole collapse and groundwater intrusion.

2. Penetration Testing: A standard split-barrel sampler (also known as a split-spoon sampler) is driven into
the soil at the bottom of the borehole using a 63.5 kg hammer dropped from a height of 760 mm. The sampler
is driven in three successive 150 mm increments, totaling 450 mm. The first 150 mm is considered a seating
drive, and the number of blows required to drive the sampler through the next 300 mm is recorded as the
SPT N-value or blow count.

3. Sampling: After the penetration is complete, the sampler is retrieved, and the soil contained within is
extracted for visual classification and, if necessary, laboratory testing.

The resulting SPT N-value represents the resistance index to dynamic penetration, reflecting the relative
density or consistency of the soil. Higher N-values typically indicate denser sands or stiffer clays, while lower
values suggest loose or soft soil conditions. This resistance index is a fundamental parameter in geotechnical
engineering, used for estimating bearing capacity, settlement potential, and liquefaction susceptibility. In this
study, the SPT procedure was conducted in accordance with the British Standard BS 1377:1990 — Methods of
Test for Soils for Civil Engineering Purposes. This standard ensures the consistency, accuracy, and comparability
of results, particularly in deep lithological investigations. Data derived from the SPT were instrumental in profiling
the subsurface lithology and validating results obtained through geophysical methods such as ERT. In addition,
SPT also allows for the estimation of groundwater level, as water ingress into the borehole can be monitored
during drilling. The detection of the water table is crucial for evaluating foundation safety, particularly in coastal
or flood-prone regions, where soil strength and water saturation are strongly correlated.

3.2 Electrical Resistivity Tomography (ERT)

ERT is a non-invasive geophysical imaging technique that provides high-resolution, two-dimensional (2D)
representations of subsurface resistivity variations. As shown in Fig. 5, this method operates by injecting electrical
current into the ground and measuring the resulting potential differences at the surface. Through measurements
taken at various electrode positions and depths, the ERT method constructs discrete data points that, when
interpolated using inversion algorithms, generate continuous 2D tomographic images (Fig. 6). These images
display the lateral and vertical distribution of subsurface resistivity, thereby enabling the identification of
variations in lithology, water content, porosity, and saturation zones.
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Fig. 5 Schematic of ERT electrode configuration
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Fig. 6 Example of 2D ERT pseudo-section and inverted resistivity model

The ERT system utilizes two current electrodes (C1 and C2) to introduce a continuous electrical current into
the subsurface (Fig. 7). Simultaneously, two potential electrodes (P1 and P2) measure the resulting voltage
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difference at the ground surface [23]. This voltage response is influenced by the electrical resistivity of the
materials through which the current flows. According to Ohm’s Law and the principles of potential field theory,
the resistivity (p) can be calculated based on the injected current, measured voltage, and geometric factors related
to electrode spacing [24]. The acquired point measurements are processed using inversion software to produce
pseudo-sections, which are further refined into true resistivity models. As shown in Fig. 8, these models are
capable of delineating features such as aquifers, bedrock interfaces, and contaminant plumes with greater clarity
than traditional 1D methods.

In this study, two ERT lines (designated RLO1 and RL02) were deployed in close proximity to previously
drilled boreholes. This spatial alignment was intentional, allowing for direct correlation between geophysical
(ERT) and geotechnical (borehole) data, enhancing the accuracy of subsurface interpretation. The maximum
electrode spacing for both lines was 1.62 m, while the minimum was 1.37 m, carefully selected to balance
resolution and depth of investigation. The survey lines were oriented according to site-specific parameters,
including topography, access routes, and known geological features.
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Fig. 7 Gradient-XL array diagram Fig. 8 Field setup with ABEM Terrameter LS 2

The Gradient XL array protocol was utilized, which operates similarly to the traditional Schlumberger array.
This configuration records voltage measurements across multiple adjacent dipole pairs between two transmitting
electrodes, significantly increasing the density and depth of data acquisition. The Gradient XL protocol is
particularly effective in detecting horizontal layering and vertical structures, making it suitable for environments
with complex stratigraphy or variable resistivity zones. The choice of this array configuration was influenced by
the expected geological setting and the resolution required to delineate specific features. As emphasised by
Sufiyanussuari et al. [25], array selection must align with both the anticipated resistivity contrasts and the spatial
geometry of the target subsurface structures.

All resistivity measurements were conducted using the ABEM Terrameter LS 2, a state-of-the-art resistivity
imaging system known for its versatility and field robustness. The device features 12 measurement channels and
a built-in electrode selector, enabling automatic switching among up to 81 electrodes. This configuration enhances
field productivity and data quality by minimizing downtime between measurements and allowing deeper
investigations with high lateral resolution (Fig. 8). The placement of electrode cables was determined by precise
measurements from the first electrode to the central LS unit and subsequently to the last electrode, taking into
account the total profile length as specified in Table 1. These measurements ensured proper electrode positioning,
accurate data collection, and full coverage of the target area.

Table 1 Distance of electrode cable according to profile lines length

Profile C1/ Initial electrode -  C1/C2 (sharing) - C2/C3 (Center) - C3/C4 (sharing) -
Length(m) C1/C2(sharing) C2/C3 (Center) C3/C4(sharing) C4/ Last electrode
200 50m 100m 150m 200m

3.3 Data Processing

To process and interpret the electrical resistivity data collected during the field survey, RES2DINV and ZondRes2D
software were utilized. These programs perform two-dimensional (2D) inversion of apparent resistivity
measurements, transforming raw field data into meaningful subsurface resistivity models. The inversion process
plays a critical role in interpreting geophysical surveys by estimating the true resistivity distribution from the
apparent resistivity values recorded during the ERT survey. The inversion software generates a 2D subsurface
model, composed of a mesh of rectangular elements (blocks). Each block represents a discrete unit of subsurface
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material with an assigned resistivity value. These values are calculated using the least-squares inversion method,

an iterative numerical approach that minimizes the difference between the measured apparent resistivity and the

calculated resistivity from the model [17]. The objective function in this optimization balances data misfit with

model smoothness, ensuring geologically plausible outcomes. The output from this inversion process typically

includes three distinct resistivity sections:

1. Measured apparent resistivity pseudo-section: Represents raw field data plotted against electrode positions
and depth levels.

2. Calculated apparent resistivity section: Illustrates the forward model prediction of resistivity, based on the
initial inversion output.

3. Inverted resistivity model (True Resistivity Section): Depicts the final resistivity distribution obtained after
multiple iterations, interpreted as the best approximation of the true subsurface structure.

Table 2 Color-coded resistivity scale

Resistivity value Legend Interpretation
(2m)
1to 100 [ B B B §F N Zone of soil / rock saturated
0.00 5.00 30.0 60.0 100 with water
>100 1 F - M B N Zone of rock / soil of less
300 50 0 4000 saturated with water

Table 3 Resistance of soil or rock types in the study area [28]

Soil/ Rock Type Resistivity value (Q m)
Alluvium 10 to 800
Sand 60 to 1,000
Clay 1to 100
Groundwater (fresh) 10 to 100
Sandstone 8t0 4,000
Shawl 20 to 2,000
Slate/ quartz mica schist 500 to 50,000
Graphite schist 10 to 500
Limestone 50 to 4,000
Granite 50 to 10,000

To quantify the accuracy of the inversion, Root Mean Square (RMS) error values are computed. The RMS error
expresses the average discrepancy between the measured and calculated apparent resistivity values. A low RMS
value (typically below 5%) indicates a good fit between the model and observed data. However, extremely low
RMS values might reflect overfitting and should be interpreted alongside geological plausibility. The final inverted
resistivity model is interpreted by integrating it with ground truth geological data obtained from boreholes and
Standard Penetration Test (SPT) results. As shown in Table 2, the resistivity values are color-coded using a
continuous scale, where each color band corresponds to a specific resistivity range. These ranges are typically
classified based on standard reference values for common subsurface materials [25], as shown in Table 3.

These classifications help in delineating lithological boundaries, identifying aquifer zones, and assessing
subsurface anomalies, such as voids or contamination plumes. The resistivity contour maps generated through
inversion are then refined using geological input to improve interpretive accuracy. Reference values for typical
resistivity ranges are derived from established geophysical literature and field calibration [25].

3.4 Correlating Both SPT-N and ERT

To evaluate the relationship between geotechnical properties and geophysical responses, a least squares
regression approach was employed. This statistical method is commonly used in geophysical studies to identify
and quantify correlations between parameters such as electrical resistivity and soil strength Melvern et al. [27].
The aim was to establish empirical relationships that allow for indirect estimation of geotechnical parameters,
specifically, the SPT-N values, based on resistivity data derived from ERT surveys. A qualitative and quantitative
comparative analysis was conducted to assess the alignment between ERT-derived resistivity measurements and
lithological classifications obtained from SPT borehole data. For this purpose, ERT resistivity values at depths
corresponding to SPT N-value measurements were extracted at each borehole location. These paired datasets
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were subjected to linear regression analysis, allowing for the development of correlation equations for each
individual borehole.

Moreover, to improve the reliability and site-specific relevance of these correlations, additional resistivity and
SPT data were collected from adjacent boreholes exhibiting similar lithological composition and positioned at
comparable depths relative to the groundwater table. This stratified approach ensured that the correlation models
reflected consistent geological and hydrogeological conditions across the study area. The correlation between
electrical resistivity and geotechnical strength is highly site-dependent Sudha et al. [17], largely influenced by
local soil type, moisture content, clay fraction, and degree of weathering. Once a reliable relationship is established
for a specific region, ERT-derived resistivity profiles can serve as proxies for estimating soil strength, particularly
in areas where direct sampling is limited or inaccessible.

Further analysis was conducted to observe the behavior of regression fitting coefficients, especially in relation
to changes in lithological composition and clay content. By analyzing how the slope and intercept of the regression
lines varied with respect to these geological parameters, the study evaluated the sensitivity and robustness of the
derived models. Finally, the fitting parameters (i.e., slope, intercept, and coefficient of determination R?) were
compared with average resistivity values and mean SPT N-values across the study area to assess the predictive
quality and consistency of the regression models.

4. Result and Discussion

The findings of this study are interpreted and discussed in the context of the integrated dataset obtained from
both geophysical and geotechnical investigations. Specifically, the analysis focuses on elucidating the relationship
between ERT results and SPT data. This comparative approach enables a comprehensive understanding of
subsurface conditions by correlating resistivity variations with mechanical soil strength parameters. The
outcomes demonstrate the extent to which geophysical measurements i.e., particularly resistivity values, can be
used as proxies for geotechnical indicators, such as the SPT N-value. This correlation provides valuable insights
into subsurface stratigraphy, soil behavior, and material properties without the need for extensive intrusive
sampling. As such, the study underscores the effectiveness of combining geophysical and geotechnical methods to
enhance the reliability and resolution of subsurface investigations.

Furthermore, the interpretation of results contributes to the broader objective of developing site-specific
empirical models, which can facilitate non-invasive soil characterization in future studies or engineering
applications. The discussion also addresses the consistency of these findings with previous literature and
highlights any site-specific anomalies, limitations, or recommendations for further research.

In coastal environments such as the Terendak area, groundwater salinity plays a significant role in influencing
resistivity measurements, as saline pore water reduces bulk resistivity and may amplify contrasts between
saturated and unsaturated layers. This effect explains the pronounced low-resistivity zones observed near
shallow groundwater levels and highlights the importance of calibrating ERT data with borehole information to
avoid misinterpretation. Compared with previous studies conducted in tropical regions such as Brazil and
Sumatra, where moderate to strong correlations between resistivity and SPT values were reported in residual and
alluvial soils, the correlation obtained in this study falls within the upper range of reported values, likely due to
the close spatial alignment between ERT lines and boreholes and careful depth matching procedures. However,
the regression model developed here remains site-specific, as resistivity-SPT relationships are influenced by local
lithology, moisture conditions, and salinity; therefore, while the model provides a reliable reference for similar
coastal terrains, its direct transferability to inland or non-saline environments may require recalibration.

4.1 Geotechnical Investigation (Bore log SPT-N)

The results from two boreholes, referred to as Borehole 1 and Borehole 2, are presented in Fig. 9(a) and (b), which
illustrates their respective lithological profiles and associated geotechnical properties. The subsurface profile of
Borehole 1 consists primarily of stiff to medium-stiff silty sand with moderate to high plasticity, encountered from
depths of approximately 1.50 m to 9.45 m. This soil type, comprising clayey silt and fine sand, is generally suitable
for light infrastructure applications, such as road base construction or shallow foundation systems, due to its
intermediate load-bearing capacity and relatively stable moisture retention characteristics.

At greater depths, from 10.50 to 15.00 m, high-quality granite bedrock was encountered. The granite was
retrieved through core sampling and displayed excellent integrity, making it a potential candidate for anchoring
deep foundations or for quarrying purposes. The transition from unconsolidated sediments to bedrock is
significant for geotechnical design, particularly in assessing load-bearing strata and excavation feasibility. The
Standard Penetration Test (SPT) N-values for Borehole 1 demonstrated a general increase with depth, which is
consistent with the natural geostatic stress increase and progressive soil compaction. The maximum N-value
recorded was 196 blows, which is indicative of very dense material, typically characteristic of weathered or
unweathered rock or compacted gravelly sand.
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Importantly, the proximity of Borehole 1 to the ERT survey line allowed for more accurate correlation
between resistivity data and borehole lithology. The close spatial alignment enhanced the reliability of the
geophysical-geotechnical integration and contributed to the robustness of the correlation models developed in
this study. The final groundwater level was measured at 6.11 m below ground surface (BGS), indicating a
moderately deep phreatic surface which may influence both resistivity values and soil strength behavior.

(a) Borehole 1 (b) Borehole 2
Fig. 9 SPT-N results for Borehole 1 and Borehole 2

Borehole 2 revealed a lithological profile similar to Borehole 1 in its upper layers. From 1.50 to 4.95 m, the
subsurface is composed of silty sand, again suitable for light civil engineering applications such as pavement
subgrade or shallow footing support. The SPT N-values recorded in this layer reached up to 169 blows, reflecting
very dense, competent soil conditions, comparable to those found in Borehole 1. Beneath this layer, at a depth of
5.50 m, granite bedrock was encountered and continued down to 10.00 m. The presence of granite in both
boreholes suggests a laterally continuous bedrock formation, which provides critical information for structural
foundation planning and slope stability assessments.

In contrast to Borehole 1, the groundwater level in Borehole 2 was recorded at a shallow depth of 0.29 m,
implying a higher water table in this area. This variation in hydrogeological condition is likely to affect both the
resistivity readings and mechanical behavior of the overlying soils, particularly in finer-grained materials that are
sensitive to saturation.

4.2 ERT Results

The classification of subsurface materials in this study is largely informed by their electrical resistivity values,
which serve as an indirect indicator of moisture content and material composition. In geophysical investigations,
resistivity values below 100 Om typically denote saturated conditions, often indicating the presence of water-
bearing soils or porous, water-filled rock formations. In contrast, resistivity values exceeding 100 Qm are
generally indicative of unsaturated or drier materials, with lower moisture content and higher grain-to-grain
contact resistance. This classification scheme, which is grounded in the empirical work Netto et al. [29], is
summarised in Fig. 10, and has been applied consistently throughout this study to interpret the resistivity data
obtained from the Electrical Resistivity Tomography (ERT) surveys.
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Fig. 10 Classification of resistivity ranges and corresponding water content [29]

The resistivity data were carefully processed, with negative values and anomalous outliers removed to ensure
data quality and model accuracy. The clean dataset was then subjected to 2D inversion using RES2D and
ZondRes2D software, generating inverted resistivity models that allow for detailed visualization of subsurface
resistivity variation along two survey lines, RLO1 and RL02. Fig. 11 illustrates the inverted resistivity model for
survey line RLO1. The model reveals that the majority of the subsurface to a depth of 40 m exhibits high resistivity
values exceeding 100 Qm, suggesting relatively dry or unsaturated conditions throughout the upper and lower
layers. These resistive zones are typically associated with granite bedrock or coarse-grained soils with low
moisture retention, which corresponds well with the lithological descriptions from adjacent borehole data.
Notably, a granite formation is inferred at a depth of approximately 15 m, supported by both geophysical
resistivity values and borehole core descriptions.

GradientXL_1

Hodel resistivity with topography
Tteration 18 RMS error = 12.8

e e

U L B0 Ry R ey ey )
0.00 5.00 0.0 60.0 100 a0 500 1008
Resistivity in ohm.n

Fig. 11 Inverted resistivity model for survey line RL01

The upper 10 m of the profile exhibit more variation in resistivity, likely reflecting heterogeneous surface
materials, including sandy silt with clay admixtures. Despite lithological differences, these layers display similar
resistivity responses due to comparable moisture content and mineralogical composition. A notable anomaly is
observed between the 80-100 m mark along the survey line, where resistivity values drop below 100 m, with
localized zones showing values as low as 0-50 Qm. These low-resistivity zones strongly suggest water saturation
and possibly the presence of shallow groundwater accumulation. Importantly, this saturated zone aligns with the
observed location of slope failure, which occurred between 82.5 and 100 m, implying a strong correlation between
increased pore water pressure and reduced slope stability.

Fig. 12 presents the resistivity model for survey line RL02, where the subsurface resistivity ranges from 0 to
1000 Om. The profile is dominated by resistivity values above 100 Om, especially in deeper sections, indicating
that this area is composed of less saturated soils or weathered bedrock, similar to RLO1. The deeper parts of the
profile show a progressive increase in resistivity with depth, consistent with compacted or lithified geological
units that possess limited water retention capacity. Although some localized low-resistivity zones are present in
the shallower regions, these are less pronounced than those in RL01, suggesting that RL02 lies in a relatively drier
zone. This supports the site-specific hydrogeological variability indicated by borehole water level data, where
RLO2 is associated with a higher elevation and deeper water table.

The resistivity dataset underwent rigorous preprocessing to eliminate errors such as negative readings and
anomalously high or low values that could distort the inversion results. A summary of the data before and after
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processing is provided in Table 3, illustrating the significant improvement in data quality following the application
of filtering and cleaning protocols. This process enhanced the reliability of the inverted models and ensured the
accurate interpretation of subsurface conditions.

GradientxL_1

Hodel resistivity with topography
Elew. Iteration 7 RMS errar - 1.6

C B B 1 Il g D ...
0. 5.

L] ae ae.e 8.8 100 00 509 10688

Resistivity in ohm.m

Fig. 12 Inverted resistivity model for survey line RL02

Table 3 Summary of resistivity data points before and after processing

Number Of Total data

S . o
Profile Line Original Data Negative Data  Excluded Data post- analysis RMS Error (%)
RL1 1030 -1 30 999 12
RL 2 1030 -1 18 1011 14.6

4.3 Correlation of ERT with SPT-N Data

The correlation between the interpreted resistivity values obtained from ERT and the borehole data acquired
through SPT investigations is illustrated in Fig. 13. The results demonstrate a strong linear relationship between
the electrical resistivity and the SPT N-values within the study area, with the derived regression equation

expressed as:
y = 0.47x — 63.04 (D

250
200 ]
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50

y=0.472x - 63.04
R2=0.93

-50
0 100 200 300 400 500 600

Fig. 13 Linear relationship between SPT-N vs resistivity (2m)

In this expression, y denotes the SPT N-value, and x represents the resistivity ((dm). The correlation coefficient
(R) for this linear relationship is 0.93, indicating a very high degree of correlation between the two datasets. Such
a high correlation value suggests that electrical resistivity is a reliable proxy for estimating subsurface strength
parameters, particularly in soils and shallow rock where SPT data are often sparse. The level of correlation can be
interpreted as an indicator of consistent lithological conditions across the site [17] and Devi et al. [30], where
variations in resistivity closely mirror the changes in soil and rock strength.
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Fig. 14 ERT overlay on the study area

The slope of the regression line (0.472) reflects the sensitivity of SPT N-values to changes in resistivity. A
higher slope value implies that relatively small variations in resistivity correspond to more significant differences
in soil resistance, thus enhancing the diagnostic utility of ERT for geotechnical applications. However, it is
important to note that any derived negative resistivity values from the regression model lack physical meaning,
as electrical resistivity cannot assume negative quantities in natural materials. Such anomalies are typically
attributed to extrapolation errors or data outliers and should be excluded from interpretative conclusions.

The correlation analysis between the resistivity profile RL01 and Borehole 1 further supports these findings.
In the upper 10 m of the subsurface, the ERT data reveal low resistivity values (<100 Qm), corresponding to layers
composed primarily of silty sand. This lithology is typically associated with relatively low SPT N-values ranging
from 5 to 10, indicating weaker or less compacted soil. Beyond this depth, from approximately 10 m to 25 m, the
resistivity values significantly increase, exceeding 100 Qm. This increase in resistivity aligns well with the
borehole data, which confirms the presence of a granite bedrock layer extending to a depth of approximately
15 m. The high resistivity observed in this depth range is characteristic of igneous rock formations, such as granite,
which are generally dry, compact, and electrically resistive (Fig. 14). This strong agreement between geophysical
and geotechnical data reinforces the applicability of ERT as a non-invasive technique for preliminary subsurface
investigations, especially in contexts where borehole drilling is limited due to cost or accessibility constraints.

5. Conclusion

The application of geophysical methods, particularly Electrical Resistivity Tomography (ERT), has proven to be a
valuable complement to traditional geotechnical investigations. While geophysical techniques offer an efficient
means of acquiring continuous subsurface data across extensive areas, they are indirect in nature and, by
themselves, may not provide the detailed resolution necessary for comprehensive geological or geotechnical
characterization. Conversely, conventional methods, such as the Standard Penetration Test (SPT), provide highly
localized, point-specific data on subsurface stratigraphy and mechanical properties. However, they are
constrained by limited spatial coverage and logistical challenges, especially in large or inaccessible terrains.
Geological and geotechnical surveys, when combined with ERT, offer a more holistic understanding of
subsurface conditions. While borehole logging and SPT provide precise lithological data at specific depths and
locations, ERT facilitates a broader interpretation of the subsurface by measuring variations in electrical
resistivity over both lateral and vertical extents. These measurements can indicate the presence of groundwater,
changes in lithology, and the depth to bedrock, thereby addressing spatial discontinuities inherent in borehole
data. The results from this study demonstrate the synergistic value of integrating SPT with ERT. For instance, SPT
data offer quantitative insight into the mechanical strength of soils through the N-value, while ERT models
delineate the spatial distribution of subsurface features. By superimposing resistivity data over borehole
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locations, the study was able to identify zones of correlation between resistivity anomalies and specific soil types,
thereby improving interpretive accuracy.

The primary objective of this investigation is to establish a correlation between electrical resistivity and SPT
N-values was successfully achieved. The subsurface profile in the study area is generally characterized by high
resistivity values exceeding 100 0m down to a depth of 40 m, suggesting dry conditions and the possible presence
of competent soil or rock layers. In the specific case of survey line RLO1 and Borehole 1, lower resistivity values
were observed in the upper 10 m, which coincide with silt and fine sand layers identified through borehole
sampling. These layers also corresponded to low SPT N-values ranging from 5 to 10, indicative of loose to medium-
dense soils. Below this zone, resistivity values increased substantially, reaching levels consistent with granite
bedrock identified in borehole cores at depths of 10 to 25 m. These layers also displayed significantly higher N-
values, confirming higher material strength and reduced moisture content.

This correlation underscores the effectiveness of ERT in augmenting borehole data, offering spatial continuity
where traditional borehole sampling may be sparse or economically unfeasible. Such integration is especially
beneficial for civil engineering applications, such as foundation design, slope stability analysis, and groundwater
resource assessment, where comprehensive knowledge of subsurface conditions is crucial. In summary, the
integration of ERT with conventional geotechnical methods like the SPT provides a robust framework for
subsurface characterization. While ERT alone cannot replace direct sampling techniques, it significantly enhances
the spatial resolution of subsurface models and helps bridge the gaps between boreholes, leading to more
informed decision-making in geotechnical and engineering applications. The successful correlation of ERT
resistivity values with SPT N-values demonstrates the practical utility of hybrid approaches in subsurface
investigations and reaffirms the value of multi-method strategies in modern geotechnical exploration.

Despite these encouraging results, several limitations should be acknowledged. The correlation model was
developed using a limited number of boreholes, which may restrict the statistical robustness and spatial
representativeness of the regression analysis. Furthermore, the established regression relationship is inherently
site-specific, as resistivity-SPT correlations are strongly influenced by local lithology, groundwater conditions,
and salinity levels; therefore, direct application to other geological settings should be undertaken with caution
and may require recalibration. Future research could expand the dataset through additional boreholes and survey
lines, apply three-dimensional ERT surveys to improve spatial resolution, and explore advanced analytical
approaches such as machine-learning algorithms to develop more generalized predictive models. Overall, the
integration of ERT with SPT provides a robust framework for subsurface characterization, reinforcing the value
of multi-method strategies in modern geotechnical investigation while highlighting opportunities for
methodological refinement and broader applicability.
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