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 ABSTRACT 

 

 

 

Geotechnical engineering requires a thorough understanding of subsurface conditions 
to inform design and construction processes. Traditional borehole testing, while 
commonly used, has limitations in terms of cost, time, coverage, and its destructive 
nature. To overcome these challenges, geophysical methods like electrical resistivity 
have been adopted as complementary techniques. Electrical resistivity offers 
advantages such as faster data collection, larger subsurface imaging, non-destructive 
testing, and environmental friendliness. Previous research has also shown promising 
agreement between electrical resistivity and certain geotechnical parameters. This 
study aimed to establish correlations between apparent resistivity values and 
geotechnical parameters to predict soil properties. Four soil investigation projects 
combined borehole testing with electrical resistivity tomography (ERT) to analyse the 
data. Subsurface tomographic profiles were generated using ZondRes2D software. The 
standard penetration test number of blow (SPT N-value) was obtained directly from 
borehole drilling, and laboratory tests determined the liquid limit and percentage of 
fine grains (silt and clay). However, the correlation analysis between apparent 
resistivity values and the studied soil properties showed insignificant correlations. As a 
result, the ERT method was deemed insufficient in reliably predicting soil properties. 
The study concludes that there are limitations in using the ERT method for interpreting 
subsurface soil properties.  
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1. Introduction 
 

Subsurface exploration is a crucial stage before commencing any design or construction project 
[1,2]. It helps determine various geologic formations and geotechnical properties, including 
weathering profile, soil thickness, rock and soil types, and their strength, essential for project 
planning and design. However, traditional borehole testing can be expensive and fails to provide a 
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complete site understanding due to limited spatial coverage [3]. As a result, researchers have 
conducted studies to find correlations between Electrical Resistivity Tomography (ERT) surveys and 
geotechnical soil parameters, such as the standard penetration test number of blow (SPT N-value), 
which have shown positive results with good correlation [4]. Several other researchers [5-7] have 
also reported a strong correlation between ERT surveys and geotechnical data, leading to increased 
confidence in using electrical resistivity alongside borehole drilling for subsurface investigations in 
the Malaysian construction industry. To overcome the limitations of borehole tests in providing 
comprehensive soil profile information, engineers have turned to non-destructive geophysical 
technologies like Electrical Resistivity Tomography (ERT), seismic refraction, seismic reflection, and 
ground-penetrating radar (GPR) for subsurface investigations [8,9]. These methods offer extensive 
coverage over larger areas at lower costs and faster implementation, while also causing minimal site 
damage during data collection [10,11]. 

However, comprehensive understanding regarding the correlation between geotechnical 
parameters and electrical properties is limited [6]. Existing industrial reports often treat borehole and 
ERT tests as independent entities without establishing correlations between them. Despite this, some 
studies, like the work of Tello et al., [6] and Hisyam and Syed [12], have demonstrated a strong 
correlation between Standard Penetration Test (SPT), moisture content and resistivity values. To 
improve correlation accuracy, further research can involve multiple sites, extended observation 
periods, and expanded data collection efforts [13,14]. By establishing a relationship between 
borehole parameters and ERT, it becomes possible to model a larger subsurface area in two 
dimensions (2D). The primary objective of this study is to establish correlations between apparent 
resistivity values and borehole soil data, including SPT-N value, liquid limit, and percentage of fine 
grains. This will enhance understanding of the relationships between ERT parameters and borehole 
data, facilitating a more comprehensive assessment of subsurface characteristics.  

 
2. Methodology  

 
The study focused on selecting sites that had both ERT (Electrical Resistivity Tomography) testing 

data and borehole drilling records. Boreholes were strategically drilled along the ERT survey lines to 
facilitate the correlation of soil properties with the apparent electrical resistivity values. Soil 
properties were evaluated both in the field and in the laboratory. 

 
2.1 Study Area 

 
Table 1 shows the study area with its information such as geological formation, bedrock, number 

of borehole and number of ERT line. 
 

Table 1 
Site locations and testing information 

Site Location Geological formation / bedrock No. of 
Borehole 

No. of ERT 
line 

Ayer Keroh, Melaka Hawthorndern Schist / quartz mica and graphite 
schist 

3 1 

Jerantut, Pahang Semantan Formation / rhyollite  1 1 
Shah Alam, Selangor Kenny Hill Formation / sandstone 4 1 
Senawang, Negeri 
Sembilan 

Hawthorndern Schist / graphite schist  2 2 
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2.2 Methods 
 
The raw data obtained from electrical resistivity tomography (ERT) were processed using 

ZondRes2D software to generate tomographic images. The SPT N-value was measured from the 
borehole test at every 1.5-meter depth interval. The borehole test was terminated after either five 
consecutive SPT readings of hard soil or after continuous coring up to a length of 4.5 meters with a 
rock quality designation (RQD) value of at least 50%. Soil index tests, such as the Atterberg limit test 
and particle size distribution, were conducted following the BS1377:1990 standard. For each depth, 
the apparent resistivity value was recorded and correlated with the SPT N-value, percentage of silt 
and clay (referred to as the percentage of fine grain) within the soil sample, and the liquid limit. The 
collected data were analysed and interpreted, leading to the development of correlations between 
the apparent resistivity values and the specific parameters measured within the boreholes. 

 
3. Results 

 
This study is to utilize ZondRes2D software to obtain a 2-D resistivity profile and establish 

correlations between the apparent resistivity value and borehole data, including SPT N-value, fine 
grain soil content, and liquid limit. A correlation analysis is conducted to examine potential 
relationships between the apparent resistivity value and the selected borehole data that was drilled 
at resistivity spread line. The analysis is performed individually for each site, and the results are then 
combined for all sites used to draw conclusions regarding the existence of any relationships between 
the apparent resistivity value and the chosen borehole data. 

 
3.1 Results 

 
Figure 1 depicts a resistivity line profile spanning 200 meters in Ayer Keroh, Melaka, with three 

boreholes labelled (Borehole 1, Borehole 2, and Borehole 3).  
 

 
Fig. 1. Apparent resistivity tomography for line profile with borehole marking for Ayer Keroh, Melaka 
 
In Borehole 1, Ayer Keroh, Melaka, the bedrock primarily consists of quartz mica and graphite 

schist. At a depth of 1.5 m, the SPT N-value is 16, with an apparent resistivity of 1250 Ωm. Between 
depths of 3 m to 19.95 m, the SPT N-values consistently measure 50, while the apparent resistivity 
ranges from 1250 Ωm to 4000 Ωm. The water table is observed at 9.07 m depth from ground level. 
The resistivity of the soil beyond 9.07 m remains higher, possibly due to the unaffected nature of the 
water table and the characteristics of grade III, moderately weathered quartz mica and graphite schist 
rock, which is resistant to water influence [15]. In Borehole 2, at a depth of 1.5m, the SPT N-value is 
20, and the apparent resistivity is 1250 Ωm. Between depths of 3 m to 6.45 m, the SPT N-values 
remain at 50, with a constant apparent resistivity value of 1250 Ωm. The water table is observed at 
9.30 m depth from ground level. Interestingly, despite an SPT N-value of 50, the apparent resistivity 
value does not increase as expected. In Borehole 3, at a depth of 1.5 m, the SPT N-value is 25, and 
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the apparent resistivity is 875 Ωm. Between depths of 3 m to 10.95 m, the SPT N-values range from 
41 to 50, with apparent resistivity values varying from 875 Ωm to 350 Ωm. The water table is observed 
at 2.31 m depth from ground level. Notably, the resistivity at and below 3 m depth is influenced by 
the water table, resulting in reduced apparent resistivity values. 

Figure 2 displays a graph showing the relationship between the apparent resistivity value and SPT 
N-value at the Ayer Keroh, Melaka site. The R-squared value of 0.0918 suggests that no significant 
correlation exists between the apparent resistivity value and SPT N-value for the site. 

 

 
Fig. 2. Graph of apparent resistivity value versus SPT N-value for 
Ayer Keroh, Melaka 

 
Meanwhile, Figure 3 presents a graph showcasing the relationship between the apparent 

resistivity value and the percentage of fine grain (silt and clay) across this site. The obtained R-
squared value of 0.3591 indicates a relatively weak correlation between the apparent resistivity value 
and the percentage of fine grain at the site of Ayer Keroh, Melaka.  

 

 
Fig. 3. Graph of apparent resistivity value versus fine grain soil for 
Ayer Keroh, Melaka 

 
The relationship between the apparent resistivity value and the liquid limit at the Ayer Keroh, 

Melaka site is presented in Figure 4. The R-squared value of 0.0069 indicates that there is no 
significant correlation observed between the apparent resistivity value and the liquid limit for the 
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site at Ayer Keroh, Melaka. These findings of Ayer Keroh, Melaka site from Figures 2, 3 and 4 highlight 
the complexity of the subsurface condition and suggest that other factors may be influencing the 
electrical resistivity values independently of the SPT N-value, fine grain soil and liquid limit. 

 

 
Fig. 4. Graph of apparent resistivity value versus liquid limit for Ayer 
Keroh, Melaka 

 
The plotting of apparent resistivity values and SPT N-values for all sites: Ayer Keroh, Melaka; 

Jerantut, Pahang; Shah Alam, Selangor; and Senawang, Negeri Sembilan is presented in Figure 5. The 
R-squared value of 0.3016 indicates a weak correlation between the apparent resistivity value and 
the SPT N-value across all these sites. 

 

 
Fig. 5. Graph of apparent resistivity value versus SPT N-value for all sites 

 
In addition, Figure 6 represents the graph illustrating the relationship between the apparent 

resistivity value and the fine grain soil content across all testing locations. The R-squared value of 
0.2816 suggests no correlation between the apparent resistivity value and the fine grain soil across 
all sites. 
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Fig. 6. Graph of apparent resistivity value versus fine grain soil overall for all sites 

 
Meanwhile, Figure 7 depicts the graph showing the relationship between the apparent resistivity 

value and the liquid limit for all studied locations. The R-squared value of 0.1901 indicates no 
correlation between the apparent resistivity value and the liquid limit across all sites. All these 
plotting referring to Figure 5, 6 and 7, underscores the intricacies of subsurface conditions and 
strongly suggest that additional factors could be exerting influence on electrical resistivity values, 
irrespective of the SPT N-value, fine-grain soil composition, or liquid limit. This complexity highlights 
the need for a comprehensive understanding of the site's geotechnical aspects and emphasizes the 
importance of considering multiple factors when interpreting geophysical data. 

 

 
Fig. 7. Graph of apparent resistivity value versus liquid limit overall for all sites 

 
3.2 Discussions 

 
Table 2 summarizes the correlation between apparent resistivity values and borehole data at 

each testing site. Based on the information provided in the table, it can be concluded that there is no 
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significant correlation between borehole parameters such as SPT N-value, fine grain soil, and liquid 
limit with the apparent resistivity values obtained from electrical resistivity tomography (ERT) testing. 

 
Table 2  
Summary of correlation of apparent resistivity value and borehole data at 
each site location 
                                 Borehole 
Parameters 
Location 

SPT N-value Fine grain soil, % Liquid limit, % 

Ayer Keroh, Melaka 0.0918  
(No correlation) 

0.3591  
(Weak) 

0.0218  
(No correlation) 

Jerantut, Pahang 0.9799  
(Very strong) 

0.5596  
(Moderate) 

0.5725  
(Moderate) 

Shah Alam, Selangor 0.1152  
(No correlation) 

0.006  
(No correlation) 

0.0225  
(No correlation) 

Senawang, Negeri Sembilan 0.2522  
(No correlation) 

0.0588  
(No correlation) 

0.6348  
(Moderate) 

 
To further examine the correlation between apparent resistivity value and fine grain soil, it is 

valuable to consider Archie's Law. Archie's Law is based on an ideal model that assumes a proper 
classification of particle size distribution without the mixing of different sizes. Theoretically, coarser 
particle sizes exhibit a lower surface area-to-volume ratio, resulting in fewer interparticle voids and 
a more densely packed structure. Consequently, this leads to reduced overall porosity. According to 
Archie's Law [16], fine grain soil with higher porosity would be expected to demonstrate lower 
resistivity. However, in this research, no discernible relationship was found between these two 
parameters, contradicting previous research findings like Hatta and Osman [4], Listanti et al., [5], 
Tello et al., [6], Mohd Hazreek et al., [7] and Malik et al., [17]. 

Apparent resistivity represents the observed resistivity at a specific location in the subsurface and 
is influenced by various factors, including the materials present related to porosity, degree of 
saturation, resistivity of groundwater, and survey configuration [18]. It provides an overall 
understanding of the resistivity distribution but does not directly reflect the true resistivity values of 
the materials. On the other hand, true resistivity refers to the actual inherent resistivity of the 
subsurface materials, independent of survey factors. In ERT, the purpose is to estimate the true 
resistivity distribution by interpreting the measured apparent resistivity data using mathematical 
inversion techniques. 

 
4. Conclusions 

 
The correlation analysis revealed that there was no significant correlation between the borehole 

parameters and the electrical resistivity values overall. This indicates that the resistivity data 
obtained from Electrical Resistivity Tomography (ERT) cannot be directly used to predict soil 
properties. For example, it is not possible to determine the SPT N-value based solely from an 
apparent resistivity value of 4000 Ωm. Similarly, deriving laboratory soil properties like the 
percentage of fine grains and liquid limit from an apparent resistivity value presents challenges. 
Therefore, this research clearly shows that site investigation procedures, such as borehole testing 
and laboratory soil testing, remain essential for a comprehensive understanding of the subsurface 
profile and properties. ERT, on the other hand, is most suitable for identifying underground water 
sources for tube well construction [19]. Additionally, ERT can effectively locate saturated ground 
conditions that may contribute to slope failure or impact the stability of retaining walls [20,21].  
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To overcome the limitation of ERT and improve the accuracy of the ground profile, it is suggested 
to consider integrating it with seismic-based techniques, such as seismic refraction, seismic reflection 
methods, or seismic surface wave methods, along with borehole data. Such integration can provide 
a more comprehensive subsurface characterization and enhance the reliability of predictions. In 
conclusion, this research highlights the importance of carefully selecting geophysical methods that 
align with specific project requirements and understanding the limitations of each technique in 
geotechnical engineering. By doing so, more accurate and reliable predictions of subsurface 
conditions can be achieved. Future studies may explore alternative or combined geophysical 
methods to further enhance the understanding of subsurface soil properties and advance 
geotechnical engineering practices.  
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