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The geotechnical composition of the soils in the Rokan Hulu Regency, Riau, 

predominantly weak soils, has significant implications for bridge construction within the 

region. Excessive loading on these weak soil zones can instigate subsidence, thus 

compromising the stability of the bridge foundation by inducing tilting. This study is 

aimed at mapping these weak soil zones in the context of a bridge construction project 

within the Rokan Hulu district of Riau. Investigation of these zones was conducted via a 

geoelectrical resistivity approach using a dipole-dipole configuration across five lines. 

The lengths of these lines ranged from 65 to 200 meters, with an electrode inter-distance 

of 10 meters. The outcome of this analysis was depicted in both two-dimensional and 

three-dimensional models. The layer exhibiting the lowest resistivity value, interpreted 

as sandy clay rock, was identified as having high porosity, thereby serving as an aquifer 

and being indicative of a weak soil zone. As revealed by the two-dimensional and three-

dimensional models, the depth of the weak soil zone varied between 0-40 meters, denoted 

by a low resistivity value of 0-15 Ω.m, and was interpreted as sandy loam. Two weak soil 

zones were identified within the foundation area of the Hulu Rokan Bridge, located in 

the northwest (5-40 m) and southeast (65-80 m) sections from the river bank. Moreover, 

the distribution of these weak soil zones was observed to extend from the Rokan River 

towards the southeast and northwest. Based on these findings, it can be inferred that the 

foundation in the northwest is more vulnerable due to the relatively shallow presence of 

the weak soil zone. Consequently, soil improvement measures, including compaction and 

stabilization, are recommended.  
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1. INTRODUCTION

The Rokan Hulu Regency, spanning an area of 7,588.13 

km² and home to over 561,385 inhabitants, is experiencing 

significant population growth [1]. This growth necessitates 

commensurate infrastructural development, including 

highways, government buildings, residential housing, and 

notably, bridges. However, the presence of weak soil zones 

poses significant challenges to bridge construction, as it can 

compromise the strength of the foundation [2]. These zones, 

situated below the surface, consist of soil or rock masses that 

are susceptible to subsidence [3]. The ensuing land subsidence 

can inflict severe damage on the overlying infrastructure, 

leading to tilted buildings, cracked foundations, and, in 

extreme cases, structural collapse, with concomitant physical, 

economic, and human losses [4]. 

Constructing a bridge without adequate consideration of the 

subsurface conditions can prove catastrophic, as building 

pressure on a weak soil zone can lead to subsidence [5]; so this 

is important to investigate to reduce the risk of land subsidence 

[6]. Land subsidence is primarily caused by volume changes 

in the underlying rock layer and can be attributed to several 

factors including excessive groundwater extraction, 

consolidation due to building loads, tectonic activity, and the 

presence of weak soil zones due to water intrusion. 

The geological landscape of the Upper Rokan Regency, 

Riau, as depicted in the Dumai and Bagansiapi-Api 

Quadrangle, is dominated by Young Superficial Deposits. 

These deposits, of Holocene age, were deposited in an alluvial 

environment and consist of clays, silts, clean gravels, 

vegetation rafts, and peat swamps [7]. The considerable 

porosity of the gravel and sand layers suggests low soil 

resistance in this area, implying that additional surface loads 

due to development could potentially induce land subsidence 

[8]. Consequently, there is a pressing need to map the 

distribution of weak soil zones in bridge foundation 

construction, to inform the extent, depth, and distribution of 

these zones for appropriate geotechnical engineering planning 

[9]. This mapping can serve as preliminary data in the bridge 

construction project, aiding in foundation structure planning 

and cost estimation. 

The geoelectrical resistivity method, capable of estimating 

weak soil zones, has been successfully used in various 

applications [10]. It involves the injection of direct current 

(DC) into the ground to estimate subsurface conditions. The

method has been employed to investigate bridge foundations
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[2], determine bedrock depth [11], identify slip zones [12], and 

explore geothermal resources [13]. It can also identify rock 

types, rock thickness, aquifer zones, and weak soil zones [14]. 

Ha et al. [15], have demonstrated the utility of resistivity 

mapping for weak soil zone mapping. 

The present study will employ the geoelectrical resistivity 

method with a dipole-dipole configuration, given its 

advantages in vertical and horizontal penetration, enabling a 

comprehensive view of the weak soil zone distribution [16, 17]. 

The geoelectric method can discern subsurface conditions 

based on measured resistivity values. Low resistivity values 

can indicate the presence of rocks comprising materials with 

high vulnerability, such as clay, sand, aquifer zones, and layers 

intruded by water [16]. These rock types, due to their high 

porosity, are particularly susceptible to subsidence under 

surface pressure. 

The overarching goal of this research is to map weak soil 

zones in the construction of bridge foundations in the Rokan 

Hulu district, Riau. The analysis results will be presented in 

2D and 3D models to facilitate interpretation. The 2D model 

will provide depth and track length results, while the 3D model 

will offer information on the length, width, depth, and 

distribution direction of the weak soil zone at the study site. 

The findings of this study have the potential to serve as a 

reference in the planning of future bridge construction projects. 

2. FIELD SITE STUDY

Based on geological data, Pekanbaru City is included in the 

Central Sumatra Basin (back arc basin); this basin develops on 

the west and south coasts of the Sunda Shelf in the 

southwestern part of Southeast Asia (Figure 1). The existence 

of an oblique subduction of the Indian Ocean plate towards the 

bottom of the Asian Continental plate resulted in a pulling 

force on the Central Sumatra Basin, which is a back arc basin 

and formed the Central Sumatra Basin. 

Figure 1. Central sumatra basin regional map [18] 

This basin has an age of formation at the Early Tertiary, 

where there are Tertiary rock outcrops in the Bukit Barisan 

area West of Sumatra to the plains of the east coast of the 

island of Sumatra. The structure in this basin was formed from 

several different phases, starting from the Mesozoic era to the 

Late Tertiary era. During the Middle Mesozoic era, a 

deformation caused the Paleozoic rocks to be metamorphosed, 

broken, folded, and accompanied by granite intrusions. In the 

Late Cretaceous to the Early Tertiary era, structures were 

formed due to tensile forces resulting in relatively north-south 

trending graben-graben [7]. 

3. MATERIALS AND METHOD

The geoelectrical resistivity method uses the concept of 

electric current propagation in an isotropic homogeneous 

medium, where the electric current moves in all directions 

with the same value [19]. If there is a deviation from ideal 

conditions (homogeneous isotropy), this deviation (anomaly) 

is observed. The value of rock resistivity is related to its 

physical properties, including the degree of water saturation, 

porosity, permeability, and rock formations [20]. 

Resistivity is a quantity used to measure the value of a 

material's resistance to the flow of electricity [21]. This 

resistivity value is inversely proportional to the electrical 

conductivity. The principle of the resistivity method is to inject 

an electric current into the earth through two current electrodes; 

then, the potential difference is measured by the two potential 

electrodes so that the resistivity value can be calculated [22]. 

Geoelectric measurement techniques are divided into 2, 

namely mapping and sounding; for mapping activities, it is 

recommended to use mapping techniques to find out vertical 

and horizontal underground mapping [23]. Generally, this 

method is good for shallow investigations [24]. 

3.1 Dipole-dipole configuration research design 

The data acquisition of geoelectrical resistivity using a 

dipole-dipole configuration is made because it aims to map 

weak soil zones in the subsurface layer. The dipole-dipole 

configuration has advantages in the form of mapping. Design 

measurements in the field, in the form of a stretch of a straight 

line; this line is made straight because it adjusts to the final 

result as a 2D section. The dipole-dipole configuration can 

obtain subsurface images with good vertical and horizontal 

penetration [25]. Good vertical and horizontal penetration of 

the geoelectric method can be used to determine deep or 

shallow objects [26]. The dipole-dipole configuration 

measurement technique is shown in Figure 2 below: 

Figure 2. Dipole-dipole configuration 

Figure 2, the dipole-dipole configuration consists of 2 

current electrodes (C1 and C2) to conduct electric current and 

two potential electrodes (P1 and P2) to read the value of the 
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potential difference [25]. Four electrodes are plugged into the 

soil surface with the distance between the current and potential 

electrodes as far as "a". Then the distance between the current 

electrode and the potential electrode (P2 - C2) as far as "na". 

The existence of an electric current will cause an electric 

voltage in the ground. The current voltage is measured with a 

resistivity meter through the potential electrodes (P1 and P2). 

When the position of the current electrode is further away, it 

causes the flow of electric current to penetrate deeper layers. 

So that the geometric factor of the dipole-dipole configuration 

is obtained as follows: 

 

K=n(n+1)(n+2) πα (1) 

 

The tool used is geoelectric resistivity type G10 Geomative. 

It integrates the advantages of conventional centralized 

cabling systems with up to 3200 W (800V*4A) transmission. 

The data acquisition was located in the Hulu Rokan bridge 

construction area, Riau province, Sumatra. Figure 3 shows the 

survey design at the research location with the number of 

routes used. There are 5 lines with different lengths: GLX01, 

GLX02, GLY01, GLY02, and GLY02P. The measurement 

uses a dipole-dipole configuration using 4 electrodes placed 

10 meters from each other. The length of the lines GLX01 and 

GLY01 are 160 meters, GLX02 200 meters, GLY02 140 

meters, and GLY02P 65 meters. The measurement designs are 

arranged to intersect so they can be modeled in 2D and 3D. 

 

 
 

Figure 3. Research site survey design 

 

3.2 Modeling and analysis 

 

The modeling aims to interpret raw data to be easy to 

understand; this study presents the research results in 2D and 

3D forms. The 2D modeling aims to make the mapping results 

visible vertically and horizontally, while the 3D modeling 

aims to make it easier for the simulation to see the weak soil 

zone distribution map visually. Basically, these two models 

have the same goal to make it easier for readers to view weak 

soil zone maps. 

The data obtained includes current and electrode potential 

distance, current value (I), potential value (V), and geometric 

factor (K). These results are a combination of various 

measurements of the rock resistivity values so that they 

become one apparent resistivity value or close to the actual 

value; the following equation can determine the apparent 

resistivity value (ρa). 

 

ρa = K
∆V

I
 (2) 

 

2D processing using Res2Dinv software with smoothness–

constrained inversion least-squares using forward modeling. 

The final result of this inversion is a 2D subsurface cross-

sectional model. The results of the 2D cross-sectional model 

are resistivity values, line length, and depth variations [23]. 

From the results of 2D inversion, followed by 3D processing 

using the Oasis Montaj software (forward modeling from the 

inversion resistivity value), the 3D model results will be 

obtained [27]. The final results of the 2D and 3D models will 

be correlated to show the distribution and depth of the weak 

soil zones. Interpretation is carried out based on resistivity 

values, geological data of the research area, color scale, and 

research that has been done before. 

The low resistivity value indicates that the constituent 

lithology has large porosity and permeability, and this value 

usually comprises clay, sand, silt, and aquifers [28]. Large 

porosity and permeability can cause intrusion because water 

can enter the rock cavity. Water intrusion is one of the causes 

of a weak soil zone where water infiltrates into the soil, 

causing the soil to become saturated so that the carrying 

capacity and strength of the soil will decrease. Soil has 

properties that can store water; this property can affect the 

porosity and permeability of the soil [23]. 

 

 
4. RESULT AND DISCUSSION 

 
Some supporting data must be prepared before data 

acquisition as initial information, such as regional geological 

maps and conditions in the field [8]. Based on the geological 

map of the Dumai and Bagansiapi-Api Quadrangle in Figure 

4, the study area consists of Young Superficial Deposits (Qh) 

and Older Superficial Deposits (Qp). Young Superficial 

Deposits (Qh) have a Holocene age that was deposited in an 

alluvial environment. They were formed in the Quaternary 

Age, deposited in an unconformity and above the old surface 

deposits. This formation comprises clays, silts and clean 

gravels, vegetation rafts, and peat swamps. Older Superficial 

Deposits (Qp) have a Pleistocene age and were deposited in a 

fluvial-alluvial environment and were formed during the 

Quaternary, deposited unconformably and above the Minas 

formation. This formation is located in basins or swampy 

backshore areas and tidal grooves consisting of clays, silts and 

clayey gravels, and vegetation rafts. 

 

 
 

Figure 4. Regional geological map of study area [29] 
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4.1 2D modeling 

Identification of weak soil zones in this study refers to 

layers that have the highest porosity or can be characterized by 

the presence of water seepage in the soil. This condition is due 

to the relation between the presence of water seepage and soil 

resistance, where soils that can store water have high porosity, 

such as clay and sand. Both types of rock will become weak 

when mixed with water. Based on the results of research 

conducted by Susilo et al. [30], a small resistivity value 

indicates the possibility of water in the soil. Aquifer zone 

analysis was carried out based on the results of the 

interpretation of the 2D model and explained the possible 

types of aquifers found in the study area. 

(a) 2D cross-section of Line GLX01

(b) 2D cross-section of Line GLX02

(c) 2D cross-section of Line GLY02

(d) 2D cross-section of Line GLY01

(e) 2D cross-section of Line GLY02P

Figure 5. 2D section processing results on every line 

Figure 5 shows that the resistivity value can be divided into 

3: low, medium, and high. Low resistivity ranging from 0 to 

16 Ω.m is indicated by dark blue to green, medium resistivity 

ranging from 16 to 33.6 Ω.m is indicated by green to orange, 

and high resistivity ranges from 33.6 to 146 Ω.m with orange 

to purple color. We provide a more detailed explanation in 

Table 1 below: 

Table 1. Interpretation of 2D result 

No. Color Scale 
Resistivity 

(Ω.m) 
Lithology 

1 
0.59 - 15 

Ω.m 
Sand Clay 

2 
15 - 30 

Ω.m 
Sand 

3 
30 - 87.0 

Ω.m 

Gravel Sand 

(impermeable) 

Based on the interpretation of the resistivity values that have 

been carried out, it can be seen that the weak soil zone is found 

on the line with a resistivity value of 0.853 to 15 Ω.m. Weak 

soil zones are marked with dark blue to light green colors at a 

depth of about 5 to 40 meters. Weak soil zones can be detected 

based on the presence of layers with high porosity, such as clay 

and sand; these layers will become a gathering place for water 

and then becomes an aquifer. Where the fluid that fills this 

zone is most likely caused by water intrusion from the Rokan 

River, so water entering due to intrusion is trapped in this zone. 

The presence of aquifers in this zone can indicate that it has 

large porosity as a place for fluid passage, so it is identified as 

a weak soil zone. 

4.2 3D modeling 

In the 2D model, the weak soil zone is estimated to have a 

resistive value ranging from 0 to 15 Ω.m. This is because a low 

resistance value indicates the presence of underground fluids. 

The presence of fluids causes the subsoil to erode and produce 

cavities which become zones of weak soil. Determination of 

the existence of a weak soil zone is also strengthened by 

geological data, where the bridge construction area is 

dominated by clay. When exposed to water flow, the clay layer 

is easily eroded, resulting in an empty zone. When an area has 

a weak soil zone, and there is an increase in the load by the 

bridge foundation, there will be a subsidence of the soil surface. 

Land subsidence resulted in damage to the bridge foundation, 

such as cracks, tilting, and even collapsing. The 3D sectional 

model of the Weak soil zone continues the 2D modeling that 

has been done and aims to show a model of each weak soil 

zone. This aims to make it easier to identify weak soil zones 

[31]. 

(a) Southwest weak soil zone 3D model
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(b) Southeast weak soil zone 3D model

Figure 6. 3D modeling result 

The aquifer in this study was found at depths varying from 

0 to 40 meters, where the aquifer zones are not continuous or 

connected to each other. This is due to the different types of 

aquifers composed of confined aquifers, meteorite water 

(surface water), and unconfined aquifers. The aquifer zone 

area above is also used as a reference as there is a weak soil 

zone because the presence of an aquifer can be an indication 

that this zone has large porosity as a place for fluid to pass [8], 

resulting in empty zones or cavities that can cause subsidence 

or slip planes. Porosity and permeability are parameters in 

determining weak soil zones because they indicate that rock 

resistance is lower than rocks with smaller porosity and 

permeability.  

Porosity is the ratio between the volume of pores in a rock 

mass or the part of the rock volume that is not filled with strong 

objects and high permeability. Permeability indicates the 

capacity of rock/soil to transmit or pass fluids [32]. High 

porosity and permeability can cause water intrusion into the 

soil and become a place for fluid to flow, resulting in cavities 

that can cause subsidence of the soil surface [8]. This condition 

is quite dangerous for large buildings, such as bridges, that 

have very large loads. The bridge will provide a continuous 

compressive force against the ground to indirectly trigger 

subsidence of the soil and foundation, which can damage the 

bridge. Based on the 2D (Figure 5) and 3D (Figures 6 and 7) 

model analysis, it is known that there is a weak soil zone in the 

Hulu Rokan bridge foundation area. The weak soil zone in the 

Southwest foundation (Figure 6(a)) is 5 to 40 meters from the 

bank of the Rokan River. Then for the foundation in the 

southeast zone (Figure 6(b)), the weak is exactly 65 to 80 

meters from the river bank. The weak soil zone in the bridge 

foundation construction area has no continuity (Figure 7), and 

this is caused by the uneven intrusion of water from the Rokan 

River. 

Figure 7. Illustration 3D modelling for weak soil zone map 

These conditions require soil improvement before bridge 

construction because weak soil zones will have fatal 

consequences for construction, such as cracked foundations, 

tilted bridges, and even subsidence of bridge foundations. Soil 

improvement aims to increase the soil's bearing capacity and 

shear strength that supports a bridge foundation structure. 

Strengthening in the weak soil zone can be done mechanically, 

such as by compacting the soil; it aims to reduce the porosity 

of rocks in the weak soil zone. In addition, soil improvement 

can be carried out using the stability method, which aims to 

improve soil properties and increase its resistance to softening 

by water [33]. Soil reinforcement can also be a solution, such 

as liquid concrete injection, the addition of piles [34], and 

other geotechnical engineering, such as chemical injection. 

This improvement needs to be done, especially on the 

northwest foundation, which is indicated to be weaker because 

the weak soil zone is found at a relatively shallow depth of 5-

40 meters. 

5. CONCLUSIONS

Based on the analysis of 2D and 3D models, weak soil zones 

are found on the Southwestern foundations within 5 to 40 

meters and on the southeastern foundations within 65 to 80 

meters from the banks of the Rokan River. This weak soil zone 

has a depth that varies from 0 to 40 m with a resistivity value 

between 0 to 15 Ω.m, while the constituent rocks are sandy 

loam. Identifying the weak soil zone in this study refers to the 

layer with the highest porosity, characterized by water seepage 

in the soil (aquifer). The water in the ground is detected based 

on the measured low resistivity value. Intrusion from the 

Rokan River, which occurs continuously beneath the soil 

surface, causes cavities in sandy clay rocks to be filled with 

water, whereas these types of rocks will become weak if mixed 

with water. 

The results of this study are useful for planning a 

construction project so that they can form the basis for 

structural planning and estimated costs required. 

Improvements in weak soil zones can be carried out by various 

methods such as compaction, stabilization, and geotechnical 

engineering. Soil improvement efforts aim to increase soil 

stability and reduce porosity in weak soil zones. This 

improvement needs to be done, especially on the northwest 

foundation, which is indicated to be weaker because the weak 

soil zone is found at a shallow depth of 5-40 meters. In 

comparison, determining the most efficient soil reinforcement 

method can be used for future research. 
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NOMENCLATURE 

n Number of Layers 

I Current (Ohm) 

V Voltage (Volt) 

K Geometric Factor 

P1 Symbol of Potential Electrode (meter) 

P2 Symbol of Potential Electrode (meter) 

C1 Symbol of Current Electrode (meter) 

C2 Symbol of Current Electrode (meter) 

Greek Symbols 

π Phi 

α Distance Between Electrodes (meters) 

ρa Apparent Resistivity Value (Ohm) 

Ω Measured Resistivity Value (Ohm) 
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