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Abstract: On July 20 2023, a landslide occurred on the Tawaeli-Toboli road section km 
49+450. Landslides are influenced by a decrease in soil strength due to increased air content 
and pore air pressure (increasing air content will reduce soil strength, especially cohesive soil). 
The aim of this research is to determine the structure of soil layers that influence slope stability 
on the Tawaeli-Toboli KM 49+450 road, Tanantovea District, Donggala Regency, Central 
Sulawesi. Using the resistivity geoelectric method, namely the 2D geoelectric configuration 
method. When testing 1 inclined track using 10 electrodes with a distance between each 
electrode of 3 m, the total length of the track is 30 m. The results of the slip plane analysis show 
that the type of landslide on the slope is a translational landslide. The meaning of a landslide is 
moving a mass of soil and rock on a flat or sloping sliding surface. This type of landslide 
usually occurs on weathered rock. The results of geoelectric data processing show that the 
vertical track has resistivity values ranging from 3.21 Ωm to 160 Ωm. The first layer with a 
resistivity value of 3.21 Ωm to 52.5 Ωm is thought to be a layer of sand soil (sand). The second 
layer with a resistivity value of 52.5 Ωm to 160 Ωm is thought to be the Deeply Weathered 
Gneiss layer. The greater the depth of the soil, the greater the resistivity value, which is thought 
to be the Weathered Gneiss layer. 

: Soil Layer Structure, Geoelectric and Tawaeli-Toboli Road 

1. Introduction
Soil is part of the earth's crust's atmospheric layer which is located at the very top and is 

part of the life of organisms or microorganisms and is composed of various minerals and other 

organic and inorganic materials. 

Can be distinguished geologically, chemically and biologically. If a land is cut vertically 

then the appearance of the soil layers will be very clear because at each level or layer the 

characteristics are different. 

According to Hardiyatmo (2017), landslides are the movement of slope-forming material 

caused by shear failure along one or more landslide planes. Landslides are influenced by a 

decrease in soil strength due to an increase in water content and pore water pressure (an 

increase in water content will reduce soil strength, especially cohesive soil). 

On July 20, 2023, a landslide occurred on the Tawaeli-Toboli road section km 49+450. 

Landslide prevention and handling need to be done to reduce the risk that will occur. One way 

to overcome it is by knowing the structure of the geological layers below the surface of the land 

(Sulaksana & Yasir, 2013). Therefore, an approach using geophysical methods is needed. 
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ρ  =  Material resistivity (Ωm) 
L  =  Length (m) 
A = Cross-sectional area (m2)  
V  =    Potential difference (V) 
I    =     Current flowing through the material (A) 
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One of the geophysical methods that can be used is the two-dimensional (2D) 

resistivity geoelectric method. The two-dimensional (2D) resistivity geoelectric method is a 

geophysical method that can produce images of subsurface rock layers based on the 

resistivity value of the rock the components of the layer (Telford, Geldart, & Sheriff, 

1990). Based on the problems that have been explained above, a study was conducted to 

identify the subsurface layer of the slope on the Tawaeli-Toboli road section using the 2D 

geoelectric method with the Wenner configuration so that the subsurface layer of the slope 

was obtained. 

2. Literature Review
2.1. Geoelectric

Geoelectricity is one of the methods in geophysics that studies the nature of electric 

currents beneath the earth's surface. Detection above the surface includes measuring potential 

fields, currents, and electromagnetics that occur either naturally or as a result of injecting 

current into the earth. The working principle of the geoelectric method is carried out by 

injecting electric current into the ground surface through a pair of electrodes and measuring the 

potential difference with another pair of electrodes. If electric current is injected into a medium 

and the potential difference (voltage) is measured, then the resistance value of the medium can 

be estimated (Wijaya, AS 2015). 

2.2 Principle of Rock Resistivity 
Measurement of rock resistivity is influenced by several factors such as rock 

homogeneity, water content, porosity, permeability, and mineral content. The basic concept of 

rock resistivity measurement is based on laboratory test results, where a block-shaped sample 

with a length of L and an area of A, is flowed by current I to measure the potential difference 

V (Muallifah, F. 2009). 

R = ρ L
A
 
 

(1) 

Based on Ohm's law, the magnitude of electric current is proportional to the potential 

difference. The relationship between electric current, potential difference and resistance can be 

expressed as follows. 

V = R.I (2) 

L I L

So the resistivity value is as follows, 
ρ = R A = V x A           (3) 

Where: 

R =  Measured resistance (Ω) 

In geoelectric measurements, the measured resistivity cannot be used to estimate the type 

of rock layer because the measurement results still depend on geometric factors. Therefore, 

geoelectric processing must be carried out to determine the resistivity value of each rock layer 

(Robinson, 1998 in Bella,FR 2018) 
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2.3 Wenner Configuration 
In the Wenner configuration, the distance between electrodes has the same value, namely 

rAM = rBM = a and rAN = rBN = a as shown in the figure below. 

Figure 1. Wenner configuration geometry (Supriyadi, et al., 2019). 

By substituting the values of rAM, rBM, rAN, and rBN as shown in the figure 1, the 

resistivity equation for the Wenner configuration can be written as follows: 

ρ = 2πa    ΔV 
I 

(4) 

The Wenner configuration is very good for lateral mapping, which is mapping to 

determine the variation of resistivity laterally or horizontally. This is because in the Wenner 

configuration, the distance between electrodes has a fixed distance. The distance between the 

electric current electrodes that is made fixed produces maximum electric current flow at a 

certain depth so that the lateral or horizontal resistivity contrast can be estimated (2019). 

3. Materials and Methods
3.1 Research Location

Geographically, the research location is in Tanantovea District, Donggala Regency, 
Central Sulawesi. The research location map can be seen in Figure 2 The research location is at 

coordinates 00⸰ 43'09'' LS and 120⸰ 00'41” BT. 

Research Location 

Figure 2. Research Location 
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3.2 Research Tools 
The tools used in this study were 1 unit of resistivity meter, 2 rolls of potential cable and 

2 rolls of current cable, 1 12 volt car battery, 2 hammers, 10 electrodes, 1 tape measure, 1 

Garmin GPS, 2 handy talkies, data sheets and stationery. 

3.3 Research Procedures 
a. Literature Review
Literature review is the initial stage in this research to find references that will be the basis for 

conducting research. Literature review aims to obtain an overview of the problems to be studied 

and the stages to be carried out in the research. The references used come from various sources 

such as books, national and international journals related to the fields of geotechnics, 

geoelectricity, and resistivity. Literature review will help in solving problems and obtaining 

research objectives. 

b. Primary Data
Primary data collection begins with initial observation to determine the number of tracks, track 

location, track direction, track length and spacing to be used when collecting data. Initial 

observation is needed to obtain actual conditions in the field before the data collection process 

is carried out. The number of tracks used is 1 track with a spacing of 3.5 m. The length of track 

1 is 35 m. Track 1 cuts the slope or vertical direction. 

c. Data Interpretation
Processing of test results using RES2DINV software. Before processing data in RES2DIV 

software, the calculation of apparent resistivity values is carried out using Microsoft Excel 

software. 

4. Results and Discussion
The soil layer structure on the slope of Tawaeli-Toboli Road Section KM 49+450 was obtained 

from the results of geoelectric tests with a vertical direction of 10 electrode points with a 

distance between electrodes of 3.5 m. The slope height that can be 
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reached is only 35 m from the total slope height of 54 m. The results of geoelectric data 

processing using the RES2DINV application. 

  Slip Field  

  Slip Field  

Figure 3.Results of interpretation of geoelectric data using the RES2DINV application 
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Figure 4. Slope Model of the Tawaeli - Toboli KM 49+450 Road Section 

  Slip Field  

The results of the slip plane analysis show that the type of landslide on the slope is a 

rotational landslide. Rotational landslides are the movement of soil and rock masses on a slip 

plane in the form of sunken. 

The results of geoelectric data processing show that the vertical path has a resistivity 

value range of 3.21 Ωm to 160 Ωm, as seen in Figure 3. 

Table 1.Geoelectric Interpretation Results 

No 
Color 

Scale 

Depth 

(M) 

Resistivity 

Value (Ω) Soil/Rock Type 

1 0-5 3.21-52.5 Sand 

2 5-8.71 52.5-160 Deeply Weathered Gneis 

Referring to Telford (1990) Table 1. Results of soil sample testing in the laboratory and 

geological survey results in the book Road Network Study in Central and Southeast Sulawesi 

Draft Final Report Vol. III Feasibility Study for Taweli-Toboli (1998), the first layer with a 

resistivity value of 3.21 Ωm to 52.5 Ωm is suspected to be a sandy soil layer. The second layer 

with a resistivity value of 52.5 Ωm to 160 Ωm is suspected to be a Deeply Layer Ω Weathered 

Gneiss. The deeper the soil, the greater the resistivity value, which is thought to be a layer 

Weathered Gneis. 
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5. Conclusion
Soil layer structure on the slope of the Tawaeli-Toboli Km 49+450 road section based on 

geoelectric test resultsThe first layer is thought to be a layer of sand and the second layer is 

thought to be a deep layer Weathered Gneiss. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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