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Abstract 

The design of underground and surface mines is influenced by the geomechanical characteristics of rocks. Borehole 
sampling is a popular method for determining subsurface rock properties because it yields accurate results. Borehole 
sampling, on the other hand, is an expensive, time-consuming, and energy-intensive technique. As a result, there should 
be an alternative technique for determining subsurface rock qualities that does not need a lot of time, money, and energy. 
Because electrical resistivity-based testing is quick and uses less energy, it is an appealing method for determining 
subsurface rock features. This contributes to energy conservation and a safer environment. In this research study a 
conceptual model has been proposed to assess the geomechanical properties of soft sedimentary rocks (claystone, 
siltstone and sandstone) especially moisture content, unit weight, cohesion and friction angle based on the electrical 
resistivity method. The analysed results will hopefully contribute to assess the electrical resistivity technique to be 
utilized for the determination of sub-surface rock properties which will help in geotechnical calculations to design 
underground and surface mines.  
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1. Introduction 

Geomechanical properties of rocks play a significant role in the design of mining operations and activities such as slope 
design and its stability, design of pillars and drilling and blasting etc. These properties are important in understanding 
the rock mass behavior against different stresses [1]. In order to carry out safe and environment friendly mining practices, 
the proper determination of these properties is an important step. Borehole sampling technique is normally used for the 
investigation of soil and rock properties which provide proper determination of the sub surface properties. But, this 
technique is expensive, time taking and energy involved method [2, 3]. Therefore, there should be some alternative 
approach to test rock properties which could save time, energy and money. Geophysical methods are mainly comprised 
of electrical resistivity, seismic refraction, radiometric, magnetic electromagnetic, and ground penetration radar 
techniques.  

Geophysical investigations have been linked to soil sciences over a large period [4, 5]. Geophysical methods have been 
widely used to characterize sub surface geological properties of soil as being a cost effective and non-invasive method 
[6]. In the realm of geotechnical engineering, the electrical resistivity technique is the most widely used and favored 
method for soil investigation [7, 8]. It is a low-cost, time-saving, and non-fatiguing approach. The electrical resistivity 
of a rock is the potential difference between the passage of electrical current applied to it. Potential differences are used 
to identify the electrical characteristics of underground rock formations [9]. The apparent resistivity of an electrical 
system is determined by injecting current into the ground through paired electrodes while measuring the potential 
difference at another pair. The inversion of apparent resistivity, on the other hand, is used to determine the subsurface 
resistivity of the soil, which provides information about distinct layers and objects [7]. Main properties which affect the 
resistivity are; water content, porosity, grain size distribution, degree of saturation, salinity, temperature, and pore fluid 
chemistry.  

Various research studies have been done to study the relationship of resistivity with soil/rock properties. The presence 
of water in the soils greatly affect the resistivity [8-10]. Tokoro et al. [11] conducted study on determining the thermal 
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conductivity of soil based on Electrical conductivity tests. The resistivity tests were performed to get resistivity values 
and the effect of the moisture content on thermal conductivity was investigated using the electrical conductivity data. 
Su et al. [12] carried out the research to study the relationship between the electrical resistivity and the physico-
mechanical and abrasion properties of igneous and metamorphic formations. The two-electrode resistivity method was 
adopted. The research study found significant correlations however, no relationship was found for the abrasion and 
resistivity values. Another study conducted by Tang et al. [13]  where an exploratory arrangement was designed to gain 
the advancement of temperature, water content, relative moistness, break morphology, and obvious electrical resistivity 
in dirt during persistent drying. It is observed that the electrical resistivity strategy is a viable method to described drying 
up breaking process. Iravani et al. [14] studied to characterize how relative permittivity and electrical resistivity vary 
with temperature in multiphase porous media. The results reveal that temperature and electrical resistivity has got linear 
relationship. Juandi et al. studied the electrical resistivity to locate the groundwater in sub surface rocks. The study found 
out that there were different zones of rocks containing groundwater. 

There are enormous studies that correlate electrical resistivity with distinct soil and rock properties but very limited 
research has been done to find the relationship of resistivity with geo-mechanical properties for example unit weight, 
cohesion and angle of friction of rocks. This research is an attempt to analyze such relationships based on the samples 
obtained from soft sedimentary rock formations from Thar Coalfield, Pakistan. 

2. Proposed Research Model 

The research model proposed in this study is based on the investigation of geomechanical properties such as moisture 
content, cohesion, unit weight and angle of friction of soft sedimentary rock formations and to find the relationship of 
these properties with electrical resistivity as shown in fig.1. The experimental work consists of the following main steps: 

 

 

 

 

 

 

 

 

 

 

 

2.1.  Rock Sample Collection and Preparation 

Borehole sampling will be used to obtain core rock samples in Block IX of the Thar Coalfield. A total of 30-40 rock 
samples will be used in the investigation. Rock core samples will be taken to the University's Rock Mechanics 
Laboratory, which is part of the Mining Engineering department. Specimens of rock and soil samples will be prepared 
from core samples to determine geo-mechanical parameters such as moisture content, unit weight, cohesion, and angle 
of friction. The specimen will be prepared using the methods recommended by the American Society for Testing and 
Materials (ASTM). In addition, the relationship between electrical resistivity and geomechanical characteristics will be 
studied 

Fig. 1. Proposed Conceptual Model for this 
study 
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Geo-mechanical Properties of Soft Sedimentary Rocks 

The geo-mechanical properties including unit weight, moisture content, cohesion and angle of friction will be 
determined by the standard operating procedures. The direct shear testing machine will be utilized for the determination 
of angle of friction and cohesion. The complete experimental work scheme is shown in Fig 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2. Laboratory Electrical Resistivity Setup 

On the prepared rock core samples, electrical resistivity measurements will be taken. In order to ensure adequate current 
flow, the stone example with the two finishes associated with cathodes will be cinched with a clip. Since the brace is 
straightforwardly associated with the cathode that is associated with the stone example, the activity might be hampered 
by the electric conductivity between the cinch and the anode. As a result, acrylic plastic will be utilized as an insulator 
between the clamp and the electrode to avoid this problem. The current travelling through the rock sample by the wires 
will be measured in milliamperes, and the voltage and ampere cables will be linked to a DC power supply. Figure 3 
shows a circuit diagram for the Laboratory Disc Electrode technique. The stone example will be tried under four unique 
voltages for example 50, 100, 150, and 150 Volts and coming about ampere for every voltage perusing will be procured 
from multimeter and get recorded. When the readings (volts and amperes) from the test are obtained, the resistivity 
estimation will then be performed by utilizing Eq. (1 and 2). 

Fig. 2. Flow Scheme of Experimental Work 
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𝑅 =             (1) 

 

𝜌 = 𝑅             (2) 

Where 

V = voltage (volts), 

I = current (amperes), 

R = opposition (ohms), 

A = the cross-sectional area of rock test in m2, 

L = rock test length in meters and 

ρ = electrical resistivity (ohms meter). 

2.3. Analysis of Results 

The rock properties obtained from the laboratory setup will be correlated with electrical resistivity values and the results 
will be discussed. Being a simple and easy regression analysis tool, Microsoft Excel 2013 or 2016 will be used to 
establish the relationship between rock properties and resistivity values. The connections of the stone examples will be 
assessed utilizing least-squares relapse strategy, Linear, logarithmic, polynomial (quadratic and cubic), remarkable and 
power bend fitting approximations. The best estimation condition with most noteworthy relapse coefficient will be 
chosen. 

3. Significance of Research 

The prime objective of this study is to assess the quick and less effort involved method in order to investigate different 
rock properties which are used in design of mines. Normally, borehole sampling is conducted to determine sub surface 
soil and rock properties which on one hand provides accurate determination of the rock properties however on the other 
hand it is expensive, time consuming and takes much effort. Furthermore, borehole sampling is energy involved 
technique and creates noise by the operation of the drill machines which results in environmental hazards. Keeping these 
elements in mind, it is anticipated that the correlations established between electrical resistivity and rock properties will 
help the engineers to determine the rock properties from electrical resistivity values. 

Fig. 3. Circuit diagram for disc electrode method 
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4. Conclusions 

Geo-mechanical properties of rocks are of prime importance in the design of surface and underground mines. In this 
research study a conceptual model has been proposed to assess the geomechanical properties of soft sedimentary rocks 
(claystone, siltstone and sandstone) especially moisture content, unit weight, cohesion and friction angle based on the 
electrical resistivity method. The study is performed on rock samples obtained from Block IX of Thar Coalfield. For the 
determination of resistivity, disc electrode method is adopted in the laboratory. The concept of non-destructive testing 
(NDT) method given in the paper seems to be potential for Thar coalfield and provide rapid geotechnical assessment of 
various rocks/lithologies. Also, the analyzed results will hopefully contribute to assess the electrical resistivity technique 
to be utilized for the determination of sub-surface rock properties which will help in geotechnical calculations to design 
underground and surface mines. 
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