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Abstract 

 

Earth resistivity is an essential part of geotechnical field investigation which is often used for corrosivity evaluation 

of underground structures. It is affected by temperature, climate, and geological conditions and hence can be related 

to the geotechnical parameters of a local stratum, which is beneficial for efficient soil characterization. In this 

research, soil resistivity is thoroughly investigated to identify clear relationships with local geotechnical parameters 

and for the prediction of corrosion. For this purpose, geotechnical investigation data on various soil samples, 

including sand, silt, and clay, collected from different zones within the vicinity of the Meghna River are utilized. 

The investigation successfully established the site-specific correlations between electrical resistivity and soil 

parameters namely moisture content and standard penetration test (SPT-N) value of homogeneous clayey silt, sand, 

and clay strata. Simple linear and exponential regression models were developed with correlation coefficient 

greater than 0.8, indicating strong relations between site-specific resistivities and moisture contents/ SPT-N values. 

Experimental results were also analyzed to predict the corrosion potential of soil based on resistivity 

characterization. 
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1 Introduction 

 

Soil resistivity has long been recognized as one of the most comprehensive indicators of soil corrosivity, as it 

reflects moisture and ionic content which govern electrochemical corrosion processes (Amadi et al., 2025; 

Melchers et al., 2018; Chik et al., 2011; Samouëlian, 2005; Adams, 1994; Ahammed & Melchers, 1997; Abes et 

al., 1985). Low-resistivity soils (e.g., clay or saline soil) tend to be highly corrosive to buried metal, whereas high-

resistivity soils (e.g., dry sand) are less corrosive. Besides moisture and soluble salt content, factors such as soil 

mineralogy, organic content, pH, and temperature also influence soil resistivity and thereby corrosion potential. 

Traditional geotechnical site investigations (borings, standard penetration tests, etc.) provide direct soil property 

data but are time-consuming and costly when closely spaced coverage is required over large areas. In contrast, 

geophysical methods like electrical resistivity surveying offer a rapid, non-destructive means to characterize 

subsurface conditions continuously, and have been increasingly applied in site characterization for both 

geotechnical parameters and corrosion risk assessment. 

 

Previous studies have shown that electrical resistivity of soil correlates with various geotechnical properties. Soil 

resistivity typically decreases with increasing moisture content due to enhanced ionic conductivity in pore water. 

Similarly, resistivity tends to relate to penetration resistance or density: for instance, Hatta et al. (2015) assessed 

correlations of electrical resistivity with SPT values of sandy soil of three sites and found good correlation between 

the resistivity and soil properties. Sudha et al. (2009) found site-specific correlations between resistivity profiles 

and SPT blow counts in alluvial deposits, reflecting how denser (and often drier) soils yield higher resistivity 

readings. Such empirical relationships suggest that resistivity measurements can potentially be used to infer soil 

parameters and stratigraphy when calibrated with local data (Ferhat, 2009; Larisa, 2001; Kalinski et al., 1993). 

However, these correlations can vary with soil type and local geology, necessitating area-specific investigation. 

To the best of the author’s knowledge, no such investigations are available for Dhaka sub-soil, which could be 

crucial for future underground constructions. Hence, this study focuses on identifying corrosion potential and 

developing site specific correlations for the soils of Dhaka and its adjacent areas in Bangladesh, through which a 

major water pipeline is proposed. The pipeline route crosses multiple geologic zones ranging from sandy alluvium 

to clayey deposits. This research focused on establishing empirical correlations between electrical earth resistivity 

and two key soil parameters – natural moisture content and SPT-N value for representative soils of Dhaka and 

adjacent area, and to evaluate the soil corrosivity for different zones based on resistivity.  
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2. Methodology 

 

The study corridor spans from the Meghna River (Araihazar Upazila, Narayanganj) to the urban outskirts of Dhaka, 

covering four designated zones (A through D) characterized by different soil types. Zone A (Rupganj) 

predominantly contains clayey silt; Zone B (Jalshiri) consists of silty sand; Zone C (Madani Avenue) has silty clay; 

and Zone D (Gulshan) is mainly clay. A total of 36 boreholes were drilled across these zones to obtain soil samples 

and SPT data. SPT tests were conducted in each borehole following ASTM D1586 to determine the N-values at 

various depths, which serve as an indicator of soil density/strength. Disturbed samples were collected from 

boreholes for laboratory determination of natural moisture content (MC) according to ASTM D2216. The field 

investigations were carried out during the early monsoon season (May–July), encompassing both dry and rainy 

spells to capture a range of moisture conditions. 

 

2.1 Site Description and Soil Zoning 

The data utilized in this research includes borehole data and resistivity data along the study area of the proposed 

pipeline. In total, 14 (Fourteen) borehole data (depth 15–30 m) are used which are adjacent to the resistivity testing 

locations. The study area was divided into four zones as per geological conditions and properties of soil. In total, 

17 (Seventeen) electrical resistivity tests (ERT) were performed using Wenner array method (Testing, A. S., 1995) 

distributed among the 4 locations as shown in Table 1. This table also shows the distribution of the SPT 

penetrations and Moisture Content (MC) test data utilized in this research among these four zones.  

 

Table 1. Experimental Program. 

 

Sl. no. Zone 

no. 

Location Soil Type Test name Quantity of test 

1 A Rupganj Clayey silt 

ERT 

3 

2 B Jalshiri Silty Sand 3 

3 C Madani Avenue Silty Clay 4 

4 D Gulshan Clay 7 

5 A Rupganj Clayey silt 

SPT 

3 

6 B Jalshiri Silty Sand 3 

7 C Madani Avenue Silty Clay 3 

8 D Gulshan Clay 5 

9 A Rupganj Clayey silt 

MC 

 

10 

10 B Jalshiri Silty Sand 11 

11 C Madani Avenue Silty Clay 8 

12 D Gulshan Clay 14 

 

These zones were selected based on geological variety, construction relevance, and accessibility. Each zone is 

characterized by its dominant soil type, which influenced the electrical resistivity and geotechnical behavior. 

 

2.2 Field Testing 

Seventeen (17) resistivity survey points were selected across the zones where the Wenner four-electrode 

configuration was used due to its simplicity and suitability for shallow to moderate depth investigations. Some 

important points are given below: 

• Electrode spacing varied from 0.2 m to 25 m 

• Apparatus used: Resistivity meter, stainless steel electrodes, and measuring tape 

• SPT N-values were recorded at 1.5 m intervals  

• Borehole depth: maximum 30 m 

• Drilling method: Rotary wash boring 

 

3. Analyses and Results 

 

3.1 Correlations between Moisture Content and Resistivity 

Least-squares regression methods of correlations are used to develop local relationships between electrical 

resistivity and moisture content of soil samples. The curves were fitted to the data based on the best possible 

patterns observed in the site-specific variables to gain appropriate relations and corresponding regression 

coefficients. The relationship between moisture content and resistivity values demonstrated linear and exponential 

correlations. Strong correlations were observed for all soil samples in the study with coefficient of determination 

(R2) values ranging from 0.68 to 0.92 as shown in Figure 1. In Clayey Silt (Figure 1(a)), the obtained coefficient 
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of determination (R2) is approximately 0.92 and corresponding regression coefficient (R) is 0.95, which is very 

strong. In Silty Sand (Figure 1(b)) R2 = 0.87 which is also very strong coefficient. The relations were moderately 

strong for Silty Clay (Zone C) (Figure 1(c)) with R2 = 0.6785 and for Clay (Figure 1(d)) for the relation is 

significantly strong with R2 = 0.7466. 

 

              
 

             
 

Figure 1. Site specific correlations between moisture content and resistivity at Zone A, Zone B, Zone C, and 

Zone D. 

 

3.2 Correlations between SPT-N and Resistivity 

 

Electrical resistivity and SPT-N values were collected from 17 geophysical survey points where boreholes were 

performed near to the resistivity testing locations. In general, higher resistivity corresponds to higher SPT-N 

values, indicating denser and stronger soils, while lower resistivity indicates weaker zones. SPT-N versus depth 

and resistivity versus depth were plotted for each zone in Figure 2. Both parameters vary with depth similarly, 

however, some variations can be noted. The results confirm a positive correlation between resistivity and SPT-N 

values across all the four zones, enabling soil strength estimation using resistivity data. 

 

                    
                                               a)                                                                            b) 
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                                               c)                                                                            d)  

 

Figure 2. Graphical representation of SPT-N value and resistivity with depth of soil at a) Zone-A, b) Zone-B, c) 

Zone-C, and d) Zone-D. 

 

Strong correlations were observed between the SPT-N values and electrical resistivity values of the four zones 

under study, as shown in Figure 3. In Clayey Silt (Zone A), the determination coefficient is R2 = 0.939, which is 

very strong coefficient, for Silty Sand (Zone B), strong coefficient of determination was observed (R2 = 0.7277), 

for Silty Clay (Zone-C), moderately strong coefficient of determination was observed (R2 = 0.6673) and for Clay 

(Zone-D) very strong coefficient was found (R2 = 0.8751). As understood, electrical resistivity survey data can 

potentially predict the site specific SPT N-valued with depth and vice versa. Also, the values represent leaner 

correlations for all the cases, which indicates linear proportionality between resistivity and SPT-N value.  

 

     
                                      

 

 

     
 

Figure 3.  Correlations between SPT-N values and Earth Resistivity using Simple linear regression. 
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3.5 Corrosion Rate and Corrosivity of Soil 

 

Soil is a heterogeneous material composed of solid, liquid, and gas phases, with the solid phase varying in particle 

size and chemistry. Finer particles like clay, which retain more moisture, tend to be more corrosive than coarser 

sandy soils due to their higher water absorption and conductivity. According to Roberg (2007), the average 

resistivity values were mapped to the corrosion potential for each zone as shown in Table 2. 

 

Table 2. Corrosion ratings based on earth resistivity for the study area. 

 

Zone ID Location Type of soil Obtained Resistivity 

Ω m (Average) 

Corrosion Potential 

Zone-A Rupganj Clayey silt 50 Corrosive 

Zone-B Jalshiri Silty sand 331 Non-corrosive 

Zone-C Madani Silty clay 97 Moderately corrosive 

Zone-D Gulshan Clay 60 Moderately corrosive 

 

4. Discussion 

As we can see from the previous figures, sandy soil (Zone B) has a higher range of resistivity in comparison to the 

fine soil (silt/clay). This is because the moisture retention capacity and minerals are higher in the fine soils and 

consequently, they are more corrosive in nature. However, either soil type would show significantly strong 

correlations between moisture content and resistivity (Figure 1). The nature of the correlation (linear/ exponential) 

is site specific, but the general trend is similar showing decrease in resistivity with increasing moisture content in 

all four zones. The correlations developed can be used to identify site specific moisture content in a non-destructive 

way (using resistivity data) ensuring similar time zone within a year (during the rainy season (May–July) under 

dry weather conditions). We can also observe strong similarity in the pattern of resistivity and SPT-N values with 

depth (Figure 2) which resulted in strong linear correlations between these two parameters for all the zones under 

study (Figure 3).  

 

The regression analyses show that electrical resistivity can effectively estimate both moisture content and SPT-N 

values for various soil types. Tests were conducted on homogeneous clayey silt, sand, and clay. As soil moisture 

content is seasonally different, caution should be exercised to use the developed correlation equations as they 

should be representative of the respective season of data collection only. These results offer a promising basis for 

future studies to develop more reliable correlations for soil property estimation using resistivity data. 

 

Soil resistivity is a key indicator of underground metal corrosion and is closely linked to the corrosion growth rate. 

An increase in depth of the electrical resistivity survey enables us to image the changing soil condition which can 

detect the location of water-saturated layers with low resistivity zones. Increased soil moisture enhances 

conductivity, which in turn raises the corrosion rate of steel. We found the site-specific corrosion potential through 

the resistivity data which is very helpful to understand the localized corrosion potential for the sites specific to the 

season under study. 

 

5. Conclusion 

This study confirms that electrical resistivity is an effective non-destructive method for soil characterization in the 

proposed area near Dhaka alongside conventional techniques. Strong empirical correlations were found between 

soil resistivity and both moisture content and SPT-N values in the study area. Linear and exponential correlations 

were found between resistivity, moisture content, and SPT-N values, with high R² values (e.g., R² = 0.9188 for 

moisture in Zone A, and R² = 0.939 for N-value in Zone A). These strong correlations validate the consistency 

between geoelectrical imaging and borehole stratigraphy. The study demonstrates the potential of using resistivity 

surveys for in-situ prediction of soil properties and identifying corrosion-prone subsoil layers-offering valuable 

guidance for underground construction in Dhaka. The finding of this study should be highly beneficial for 

proposing a combined and effective approach of subsoil characterization by integrating geophysical resistivity 

surveys with conventional geotechnical tests. 
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