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Research has been conducted with the title of identification of weak zones in the Sigi Regency 

office area using geoelectric methods of resistivity. The study aims to analyze the perlapission of 

subsurface rocks and determine the distribution of weak zones. The measurements were made on 

15 track using the Wenner Configuration. The data obtained is calculated using Microsoft Excel 

and processed using the Res2Dinv 3.53 program that produce a cross-section of 2D resistivity. The 

results showed that the weak zone had resistance values of 20-180 Ωm which were suspected to 

be clay and sand. This weak zone is characterized by a low resistivity value and contrasting a large 

resistivity value compared to surrounding rocks. This weak zone is detected in almost all 

measurement trajectories of varying depth and is mostly at a depth of ± 6 m. The weak zone spreads 

southwest of the research site 
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1. INTRODUCTION 

Bora Village, located in Sigi Biromaru District, is the capital 

of Sigi Regency, Central Sulawesi. As the capital of a 

developing regency, this area has office buildings such as the 

regent's office along with regional apparatus offices and other 

agencies. Along with the development of infrastructure 

development, this could potentially lead to an imbalance 

between the load of the building on the surface and the 

carrying capacity of the soil. 

 This imbalance has been seen in the damage to several 

office buildings such as the district head's office in the south 

[1]. This was exacerbated by the earthquake on September 28 

2018 which resulted in damage to the office building and 

several parts of the building that collapsed. As the center of 

government and community services, this office building 

needs to be renovated while still considering its safety and 

comfort factors. This is to ensure the safety of government 

officials in serving the community. Therefore, before carrying 

out renovations, it is necessary to identify subsurface 

conditions. 

 Infrastructure development in an area needs to consider the 

carrying capacity of the soil. The building will be safe if the 

load does not exceed the carrying capacity of the soil. One of 

the factors that affect the carrying capacity of the soil is the 

existence of a weak zone. The weak zone is a condition below 

the earth's surface where there are areas that have a lower level 

of rock hardness than the surrounding area. Weak zones have 

high resistivity, because rocks that are more compact will more 

easily conduct current than rocks that are hollow, so that the 

resistivity value of compact rocks will be smaller. [2]. One 

method that can be used to identify weak zones is the 

resistivity geoelectric method [3]. 

 The resistivity geoelectric method is a geophysical method 

that utilizes the nature of electric currents in the earth by 

detecting them above the earth's surface. Geoelectrical 

resistivity methods have also been used to identify weak zones, 

including by Fatoni et al [4] in the identification of weak zones 

on the Samarinda Bontang axis road using the Wenner 

Schlumberger Configuration geoelectric method. Wafi et al [5] 

have also used it in mapping weak zones using the Wenner 

Configuration geoelectric method and the Dutch Cone 

Penetrometer Test (DCPT). The purpose of this study was to 

analyze the subsurface rock layers and distribution of weak 

zones in the office area of Sigi Regency. 

 Based on the Geological Map of the Pasangkayu Sheet, the 

constituent rocks at the study site and its surroundings are the 

Pakuli Formation, Wana Complex and Alluvium consisting of 

clay, sand, gravel, conglomerate, sandstone, genes and 

quartzite (Figure 1). 

 The resistivity geoelectric method is one of a group of 

geoelectrical methods that can be used to study subsurface 

conditions by studying the nature of electric currents in rocks 

beneath the earth's surface. The discussion of the electricity of 

the earth, in accordance with its nature tends to discuss the 

electrical properties of the earth. The resistivity geoelectrical 

method is a geoelectrical method that studies the resistivity 

properties of rock layers in the earth [6]. 
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Resistance is a quantity that indicates the level of resistance to 

the electric current of a material. The approach used to obtain 

the resistivity value of a medium below the earth's surface is 

by assuming that the earth is an isotropically homogeneous 

medium [7]. From this assumption, the measured resistance is 

the actual resistivity without having to depend on the spacing 

of the electrodes. But in reality, the earth is composed of layers 

with different resistivity values, so the measured potential is 

the effect of these layers. This causes the measured resistivity 

value to appear to be the resistivity value for only one layer. 

But in reality, what is actually measured is the apparent 

resistance (ρa) [8].  

 According to Hurun [9], the magnitude of the apparent 

resistivity (ρa) (ohm-m) is: 
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Figure 1. Geological Map 

 The Wenner configuration is a type of configuration in 

geoelectrical exploration which has a sequence of electrodes 

arranged in a track symmetrically about the center point. 

Electrodes in the Wenner Configuration have good vertical 

resolution, where sensitivity to lateral changes is high but 

weak to current penetration with depth [10]. The arrangement 

of the Wenner Configuration electrodes can be seen in Figure 

2. 
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 According to Badaruddin [11], the limit of enlargement of 

the electrode spacing depends on the ability of the tool used. 

The more sensitive and the greater the current that can be 

generated, the greater the spacing that can be measured, so that 

the deeper layers are detected. Due to the property that an 

increase in the current electrode distance is followed by an 

increase in the potential electrode distance, the Wenner 

Configuration can detect local inhomogeneity from the 

observed location. The choice of spacing depends on the depth 

to be mapped. 

 The Wenner Configuration geometry factor can be derived 

by using the equation: 
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2. MATERIALS AND METHODS 

The research location is in the office area of Sigi Regency, 

Bora Village, Sigi Biromaru District, Sigi Regency, Central 

Sulawesi Province. Geographically, the research location is 

located at coordinates 19°56'50.16"-119°57'22.02" East 

Longitude and 1°3'8.38"-1°3'41.87" South Latitude. An 

overview of the research location can be seen in Figure 3. 

Retrieval of data using the resistivity geoelectric method 

with the following tools and materials: One unit of 

geoelectrical resistivity measuring instrument. GPS, 

Geological compass, Meter, Hammer, Writing tools and 

tables. 

Data collection in the field consists of 15 tracks that begin 

with determining the position of the measuring point, and the 

direction of the track and measuring its direction using GPS,  

making a stretch in the form of a straight line with a length of 

100 m,  plugging in the electrodes with an electrode spacing of 

5 m, laying out the wires and connecting the wires to the 

electrodes, assembling the resistivity geoelectric device and 

taking measurements. The data obtained in the field are 

current, potential and spacing. 

The data obtained is then inputted into Microsoft Excel, 

then calculating the geometry factor value using equation (6) 

and the apparent resistivity using Equation (7). The data is then 

processed using the Res2Dinv program. The results obtained 

from the inverse program are in the form of variations in the 

value of resistivity, depth and layer thickness which are then 

analyzed and interpreted. To obtain more accurate 

interpretation results, supporting data related to the conditions 

of the study area are needed, including geological maps, tables 

of rock type resistance values and results of previous research 

around the study area.

 

 

Figure 2. Map of the research area
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4. RESULTS AND DISCUSSION 

The measured data were then processed using the Res2Dinv 

program to obtain a cross-sectional model of the resistivity. 

This program generates 3 2D cross-sections of resistivity. The 

first cross-section shows the measured apparent resistivity 

cross-section, the second cross-section shows the calculated 

apparent resistivity cross-section and the third cross-section 

shows the inverse resistivity section obtained through the 

inversion modeling process.. The model obtained through the 

inversion process was iterated several times to reduce the 

existing root mean squared error (RMS) value. The inverted 

data shows variations in the resistivity value (ρ) and the depth 

of each layer. 

Following table is the results of data processing for each 

track: 

 

 

 

 

 

 

 

 

 

 

Table 1. Data processing results 

Track  
Resistivity (Ωm) 

Error (%) 
Minimum Maxsimum 

1 33,32 449,16 2,6 

2 23,68 440,17 3,2 

3 22,36 389,98 4,2 

4 28,42 724,51 3,2 

5 32,74 388,95 3,2 

6 41,30 663,11 3,6 

7 49,36 739,66 5,2 

8 56,64 816,92 2,8 

9 34,77 609,77 4,8 

10 83,96 1230,50 5,0 

11 68,11 521,14 3,8 

12 26,78 273,92 2,7 

13 98,56 1077,40 3,9 

14 97,45 640,66 2,8 

15 63,98 520,80 2,7 

 

To obtain the distribution of weak zones, the measurement 

path is divided into 5 consisting of Tracks a, b, c, d and e. The 

cross-section of the type of barriers for each lane can be seen 

as follows: 

 

1. Track a 

 
Figure 4. Cross section of the obstacle type a (a) Track 1, (b) Track 2 and (c) Track 3 

 

Track a is in the northwest direction of the research location 

consisting of Track 1, Track 2 and Track 3. The three Tracks 

are in a straight line with the distance between Tracks 1 and 2 

as far as 41 m and the distance between Tracks 2 and 3 as far 

as 24 m. The processing results can be seen in Figure 4. On 

track 1, a weak zone is visible on the 55-90 m meter which is 

suspected to be a layer of sand at a depth of ± 6-15 m bmt with 

a resistivity value of < 100 Ωm. On track 2 no weak zone is 

detected. Furthermore, on track 3 a weak zone was detected at 

meter 15-88 m which was suspected to be a layer of clay from 

a depth of ± 6-15 m bmt with a resistivity value of < 60 Ωm. 

The weak zone on Track a spreads northeast. 
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2. Track b 

 

Figure 5. Cross section of the obstacle type b (a) Track 4, (b) Track 5 and (c) Track 6 

 

Track b is in the northwest of the research location after Track 

a. This track consists of Track 4, Track 5 and Track 6. The 

three Tracks are in a straight line with the distance between 

Tracks 4 and 5 as far as 83 m and the distance between Tracks 

5 and 6 as far as 40 m. The processing results can be seen in 

Figure 5. On track 2, a weak zone is visible on the 13-38 m 

meter which is suspected to be a layer of sand at a depth of ± 

3 m bmt with a resistivity value of < 100 Ωm. On track 5 a 

weak zone is detected at meter 21-83 m which is suspected to 

be a layer of clay at a depth of ± 6-12 m bmt with a resistivity 

value of < 60 Ωm. Furthermore, on Track 6 no weak zones 

were detected. The weak zone on Track b spreads southwest. 

 

3. Track c 

 
Figure 6. Cross section of the obstacle type c (a) Track 7, (b) Track 8 and (c) Track 9

Track c is in the middle of the research location consisting of 

Track 7, Track 8 and Track 9. The three Tracks are in a straight 

line with the distance between Tracks 7 and 8 as far as 52 m 

and the distance between Tracks 8 and 9 as far as 36 m. 

Processing results can be seen in Figure 6. On track 7, a weak 

zone is visible on the 36-75 m meter which is suspected to be 

a layer of sand at a depth of ± 6-10 m bmt with a resistivity 

value of < 100 Ωm. On track 8 a weak zone is detected at meter 

50-65 m which is suspected as a layer of sand at a depth of ± 

6-15 m bmt with a resistivity value of < 100 Ωm. Furthermore, 

on track 9 a weak zone was detected at meters 13-44 m and 48-

65 m which was suspected to be a layer of clay at a depth of ± 

3-12 m bmt with a resistivity value of 60 Ωm. Weak zones on 

Track c are detected in all Tracks and spread to the southwest. 
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4. Track d 

 

Figure 7. Cross section of the obstacle type d (a) Track 10,  (b) Track 11 and (c) Track 12 

 

Track d is in the southeast of the research location after track 

c. This track consists of Tracks 10, Tracks 11 and Tracks 12. 

The three Tracks are in a straight line with the distance 

between Tracks 10 and 11 as far as 65 m and the distance 

between Tracks 11 and 12 as far as 41 m. The results of the 

processing can be seen in Figure 7. On track 10 you can see a 

weak zone at 15-22 m and 81-90 m which is close to the 

ground surface. This weak zone is suspected as a layer of sand 

with a resistivity value of <140 Ωm. On track 11, a weak zone 

is detected at meter 37-44 m which is suspected to be a layer 

of sand at a depth of ± 6 m bmt with a resistivity value of 100 

Ωm. Furthermore, on track 12 a weak zone was detected at 

meter 25-65 m which was suspected to be a layer of clay at a 

depth of ± 3-14 m bmt with a resistivity value of <100 Ωm. 

The weak zone in Lane d is spread across all Passages and 

spreads northwest.

5. Track e 

 

Figure 8. Cross section of the obstacle type e (a) Track 13, (b) Track 14 and (c) Track 15 

 

Track e is at the southeastern end of the research location 

consisting of Tracks 13, Tracks 14 and Tracks 15. The three 

Tracks are in a straight line with the distance between Tracks 

13 and 14 as far as 28 m and the distance between Tracks 14 

and 15 as far as 95 m. Processing results can be seen in Figure 

8. On track 13, a weak zone is seen at the 55-90 m meter which 
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is suspected to be a layer of sand at a depth of ± 6-15 m bmt 

with a resistivity value of < 180 Ωm. On track 14, a weak zone 

is detected at meter 12-45 m which is suspected as a layer of 

sand at a depth of ± 3 m bmt with a resistivity value of < 180 

Ωm. The weak zone is again visible at  55-90 m which is close 

to ground level. Furthermore, on Track 15 no weak zones were 

detected. The weak zone in Track e spreads southwest of the 

study location. 

Based on the results of the interpretation of all 2D cross-

sections, it can be seen that the layers are arranged and the 

presence of layers that are suspected as weak zones in almost 

all measurement paths. Weak zones were detected at varying 

depths between 3-15 m bmt with a distribution towards the 

southwest of the study location. This zone has a resistivity 

value of 20-180 Ωm which is thought to consist of clay and 

sand and is characterized by a low resistivity value and a large 

resistivity contrast compared to the surrounding rock. This is 

in accordance with Anjarsari's research [12] that analyzed the 

relationship between seismic and geotechnical data in the Sigi 

Regional government office area stating that in the 

southwestern part of the Sigi Regency office area there is a 

heavy level of damage to the building structure where the 

section has a low shear wave propagation.  This shows that the 

subsurface rocks consist of rocks that are not compact (weak 

zone). 

5. CONCLUSION 

Based on the research results, a weak zone consisting of clay 

and sand is obtained which has a resistivity value of 20-180 

Ωm. This zone is characterized by low resistivity values and 

large resistivity contrast compared to the surrounding rocks. 

The weak zone was detected to spread at depths varying 

between 3-15 m bmt with a spread towards the southwest of 

the study location. Weak zones found in the study area are 

interpreted as rocks that are soft and not compact, so there is a 

risk of not being able to withstand structural changes due to 

the pressure of gravity from the buildings above it. 
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