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ABSTRACT

The earthquake of September 30 2009, showed that Lubuk Buaya Sub-district, Koto Tangah Sub-district,
Padang City is an earthquake-prone area, and the geology of the area consisting of sandstone and alluvium
deposits is a contributing factor to liquefaction. Research on liquefaction potential using the Schlumberger
configuration geoelectric method has never been conducted in this area, although initial observations showed
indications of liquefaction in buildings and infrastructure. Therefore, this study aims to determine the
description of soil layers that have the potential to experience liquefaction based on the value of rock specific
resistance in Lubuk Buaya Village. This research used a descriptive field approach, conducted from February to
June 2025 with four measurement tracks, each 155 meters long and 5 meters electrode spacing. Using the
Automatic Resistivity System (ARES) instrument with power up to 850 W and current up to 5.0 A. The data
obtained include electric current strength (I), potential difference (V), and electrode spacing which are
processed to determine the value of geometry factor and apparent density resistance (pa). Data interpretation
was carried out using the Smoothness Constraint Least Squares inversion method with the help of Res2dinv
software to produce true specific resistivity and depth. The results showed that the subsurface soil layers in
Lubuk Buaya Village have a high potential to experience liquefaction. This potentially liquefiable soil layer
consists of water-saturated sand, gravel, and sandy silt, with low resistivity values. Liquefaction potential zones
were identified at depths of 5 to 25 meters with a thickness of 20 meters.
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I. INTRODUCTION

Geographically, Padang City is located on the west coast of Sumatra Island and has a high earthquake
hazard vulnerability. This is due to the presence of the Sumatra subduction zone to the west of Padang City
which moves around 40 to 70 mm/year [1] [14]. Earthquakes can trigger liquefaction phenomena, especially in
areas with loose and water-saturated soil structures, as was the case with the September 30 2009 earthquake that
caused significant damage in Koto Tangah Subdistrict [20].

The Atlas of Indonesian Liquefaction Vulnerability Zones released by the Ministry of Energy and Mineral
Resources [7], states that the Lubuk Buaya Village area in Koto Tangah Subdistrict, which is included in the
Padang City, is in a moderate liquefaction vulnerability zone, which is a vulnerability zone that can experience
liquefaction unevenly and the soil structure is generally damaged [8]. Seismic activity is also a determining
factor for liquefaction susceptibility, where this event depends on the intensity of the earthquake. Based on the
results of research [16], Lubuk Buaya Village has a high seismic vulnerability index. Initial observations on
March 10, 2025 showed that several houses experienced subsidence, cracks in the walls and foundations, and
cracks in the river embankment. Buildings at coordinates 0°49'22“ S and 100°19'00” E had 2-3 c¢cm wall cracks,
while buildings at 0°49'07" E and 100°1922" S experienced foundation settlement. The river embankment at
0°4926 “S and 100°19'2 E experienced 2-3 cm cracks, and the natural marshland at 0°49'28* E and 100°1922”
S experienced foundation settlement 100°18'54" S showed instability when stepped on, with the ground surface
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swaying like waves. This incident has raised concerns among the public about the safety of their homes and the
long-term impact of this phenomenon.

Liquefaction is a change in soil condition from solid to liquid. Liquefaction is often found in earthquake
events where soil behavior occurs due to earthquake loads that occur only in a short time [10]. Liquefaction only
occurs in saturated soils, so the depth of the water table will affect the potential for liquefaction [12]. Apparent
resistivity values are influenced by rock density, porocity, and water content. Liquefaction can only occur under
certain conditions, if a soil does not meet these conditions, then the soil does not have the potential for
liquefaction. Therefore, development planning should avoid soils that have met the conditions for liquefaction
[9]. The conditions for liquefaction include the presence of water-saturated soil layers, soil layers in the form of
silt or sand, loose (not solid), and an earthquake with a magnitude above 5,0.

Liquefaction can be detected using the Geoelectric method, the basic principle of the Geoelectric method is
to measure the electrical resistance of the earth's subsurface layer through measuring the potential difference
generated by an electric current injected into the earth's surface and measuring the potential difference generated
at the earth's surface. The specific gravity obtained from the Geoelectric method measurement is a pseudo
specific gravity, assuming the earth as a homogeneous and isotropic medium [3]. The earth is assumed to be an
isotropic homogeneous medium in reality is a nonhomogeneous medium, so the measured value of the specific
gravity is not the actual specific gravity value but the apparent specific gravity value. The apparent density
resistance value is formulated as follows:

pa=KT (1)

Where p, is the apparent density resistance value, K is the geometry factor value, AV is the potential
difference and I is the current value. The value of K depends on the type of configuration used. The
configuration used in this research is the Schlumberger Configuration Geoelectric method. The Schlumberger
configuration uses four electrodes with two potential electrodes and two current electrodes arranged in a straight
line with the arrangement of the potential electrode distance smaller than the current electrode distance [21]. The
advantage of the Schlumberger configuration is its ability to detect the inhomogeneous nature of rock layers at
the surface. The Schlumberger arrangement is also used for mapping or profiling lateral resistivity changes [2].
Compared to Wenner, Schlumberger is more effective at determining vertical (depth) resistivity changes
efficiently, making it theprimary choice for drilled well surveys. The electrode array of the Schlumberger
configuration is shown in Figure 1.
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Fig. 1. Schlumberger Configuration Electrode Arrangement

Figure 1 shows that electrodes P1 and P2 are used as potential electrodes and electrodes C; and C, are used
as current electrodes with a distance on each electrode. The geometry factor of the Schlumberger configuration
can be calculated using the formula: [6]

L2 12
K=nZll-5 )

Where L is the current electrode distance (A), 1 is the potential electrode distance (V). The depth that can be
measured using the Schlumberger configuration geoelectric method is 1/5 of the current electrode distance C;, C,
used. The apparent specific gravity value obtained from the measurement can be interpreted using an inversion
method to produce the true specific gravity value and depth [5]. The inversion method generally does not
produce unique information, so it is necessary to add some additional information. This additional information is
used to constrain a solution [18], so that accurate information can be obtained about objects under the earth's
surface. There are several types of 2D inversion methods, and the one used in this study is Smoothness-
Constraint Least Squares Inversion. This method is an inversion method that tends to produce a model with
smooth variations in resistivity values [2]. Smoothness-Constraint Least Squares inversion is formulated with the
following equation:

(JT] + AF)d = J"g — AFr (3)

Where F is f, fxT + £ fZT, f+ 1s the horizontal flatness filter, f; is the vertical flatness filter, J is the partial
derivative matrix, A is the damping factor, d is the perturbation vector of the model, g is the discrepancy vector,
and r is a vector containing the logarithm of the model resistivity value [6]. The advantage of this method is that
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in addition to producing a smooth resistivity value, the damping factor and filter can be adjusted to various types
of data. Damping factor is a variable related to the process of dampening instability that may arise due to data
limitations in the inversion. Damping factor is determined by trial and error. To minimize the error, a small value
of damping factor can be used.

II. METHOD

This research uses a descriptive approach to provide a detailed description of the object under study based
on data collected directly at the research location. The research location is located in Koto Tangah, precisely in
Lubuk Buaya Village. The research procedure is divided into 3 stages, namely:

1. Preparatory Stage

The preparatory stage begins with a theoretical study of the theories that support the research. Then conduct
a preliminary survey to the research area to determine the length of the track and the electrode spacing that will
be used during the measurement. Then prepare the material tools needed before conducting research. In the

preparation stage, 4 research trajectories were designed. The measurement track design can be seen in Figure 2.
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Fig. 2. Research Trajectory Map

Figure 2 is the measurement trajectory design. Point A marks the starting point (location of the first
electrode) with coordinates 0°4927" S and 100°18'54" E and A' marks the end point (the location of the last
electrode) with coordinates 0°4924" S and 100°18'53" E of the first track, point B marks the starting point
(location of the first electrode) with coordinates 0°49'23" S and 100°18'53" E and B' marks the end point
(location of the last electrode) with coordinates 0°49'21" S and 100°18'57" E of the second traverse, point C
marks the starting point (location of the first electrode) with coordinates 0°49'26" S and 100°18'54" E and C'
marks the end point (location of the last electrode) with coordinates 0°49'24" S and 100°18'58" E of the third
track, and point D marks the starting point (location of the first electrode) with coordinates 0°49'28" S and
100°18'54" E and D' marks the end point (location of the last electrode) with coordinates 0°49'26" S and
100°18'59" E of the fourth trajectory.
2. Data Collection Phase

Data collection is carried out by preparing a measurement trajectory in the form of a straight line according
to the depth to be achieved. Measuring the length of the track and electrode spacing, then planting electrodes at
each spacing. The current source and cable connection to the electrode were checked and the electrode cable was

connected to the current source. Next, ARES was activated and it was confirmed that the battery was 85%

20°0"0,000”
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charged. After that, the ARES tool was calibrated and the measurement method and configuration were selected,
and then the measurement was carried out.
3. Data Analysis Technique

Measurement data in the form of electric current strength (I), potential difference (V), and electrode
spacing will be stored in the ARES main unit, then the stored data is downloaded. To determine the value of the
geometry factor can be calculated by equation (2), and the apparent density resistance value by equation (1).
Because the amount of data obtained is a lot, Microsoft Excel assistance is used. The apparent specific resistivity
value obtained is interpreted using the inversion method to produce the true specific resistivity and depth [6].
The inversion method used is Smoothness - Constraint Least Squares. The inversion process can be done using
equation (3). Given the large amount of data used, to simplify and speed up the inversion process, Res2dinv
software is used. The use of this software allows for more efficient and accurate data processing. Data
interpretation produces the actual value of specific gravity and depth, in the form of 2D cross-section of the
carth's subsurface. The actual value of specific gravity in the 2D cross-section model is estimated using the value
of rock specific gravity [19], the geological conditions of the research area, and the observation of dug wells
owned by residents around the research location.

III. RESULTS AND DISCUSSION

A. Results
The following are the measurement and interpretation results for each track:
1. Track 1

Measurement of track 1 starts from the coordinates 0°4928" S and 100°18'54" E to the north with
coordinates 0°4923" S and 100°18'52" E. The sounding point of Track 1 is at coordinates 0°4926" S and
100°18'54" E.
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Fig. 3. Cross-section of 2D Model of Specific Resistivity of Trajectory 1

The Cross-section of 2D Model of Specific Resistivity of Trajectory 1 in figure 3 shows a percentage error
obtained at the fifth iteration of 10.5%. The maximum depth that can be detected is 31 meters. The distribution
of the specific resistivity value of Track 1 ranges from 0.92 - >34.1 Qm.
2.  Track 2

Measurement of track 2 starts from coordinates 0°49'23" S and 100°18'53" E towards the East with
coordinates 0°4922" S and 100°18'57" E. The sounding point of track 2 is at coordinates 0°49'22.18" S and
100°18'55.04" E.
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Fig. 4. Cross section of 2D Model of Specific Resistivity of Trajectory 2
Figure 4 shows the cross-section of the 2D model of the specific gravity of Trajectory 2 with a percentage error
obtained at the 21st iteration of 14.9%. The maximum depth that can be detected is 31 meters. The distribution

of the specific resistivity value of Track 2 ranges from 0.50 - 58.0 Qm.

3. Trajectory 3
Measurement of track 3 starts from coordinates 0°49'26.4" S and 100°18'53" E towards the East with

coordinates 0°4924" S and 100°18'58" E. The sounding point is located at coordinates 0°49'25" S and
100°18'56" E.
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Fig. 5. Cross-section of 2D Model of Specific Resistivity of Trajectory 3

The cross-section of the 2D model of specific gravity of Trajectory 3 in figure 5 shows a percentage error
obtained at the 14th iteration of 10.8%. The distribution of the specific resistivity value of Trajectory 3 ranges
from 0.28 - >52.5 Qm. With depth penetration reaching 31 meters.

4. Trajectory 4
The measurement of track 4 starts from the coordinates 0°4928" S and 100°18'54" E to 0°49'25" S and

100°18'59" E. The measurement sounding point is at coordinates 0°49'27" S and 100°18'56" E.
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Fig. 6. Cross-section of 2D Model of Specific Resistivity of Trajectory 4
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Figure 6 shows a cross-section of the 2D model of the specific gravity of Trajectory 4 with a percentage
error obtained at the 12th iteration of 12.5%. The maximum depth that can be detected is 31 meters. The
distribution of the specific resistivity value of Trajectory 3 ranges from 0.25 - 49.2 Qm.

B. Interpretative Discussion

The data from track 1 shows a varied subsurface resistivity distribution with a percentage measurement
error of 10.5%, the 2D model cross section of the specific gravity of Track 1 is estimated to contain 3 types of
rocks, namely sand and gravel containing brackish water, sandy silt, sandy silt and gravel. Along 25 meters there
is estimated to be sandy silt rock with a thickness of 12.5 meters. Along 50 meters there are sand and gravel
rocks with a thickness of 17.5 meters, and sandy silt with a thickness of 4 meters. The low resistivity value in
this layer indicates the presence of brackish water content [11]. Along 75 meters there are sandy silt rocks with a
thickness of 7.5 meters and sandy silt and gravel with a thickness of 22.5 meters. Along 100 meters, it is
estimated that there are sandy silt rocks with a thickness of 12.5 meters, sandy silt and gravel with a thickness of
11.5 meters. Along 125 meters it is estimated that there are sand and gravel rocks with a thickness of 6 meters,
sandy silt 5 meters and silt sand and gravel 5 meters.

Soil deposits that have a lot of liquefaction are fine sand, silty sand, muddy sand and ordinary sand with a
resistivity value of around 10 Qm to 100 Qm [10]. The liquefaction potential zone of track 1 is estimated at
measuring points 40 meters to 65 meters, composed of sand and gravel rocks with a thickness of 20 meters. This
is in accordance with the geological conditions of the study area, namely alluvial deposits composed of sand, silt
and gravel [20]. This layer is indicated to contain brackish water so that it becomes a water-saturated zone [15].
Under water-saturated and loose conditions, soil grains do not have strong intergranular contact, so that during
seismic shaking, pore water pressure increases dramatically beyond the effective stress of the soil, causing the
soil to lose shear strength and behave like a liquid [16]. The water stored in this saturated zone is brackish water
that has been mixed with sand and gravel with a resistivity of 0.92 - 2.98 Qm. The depth of the water table at this
location ranges from 1 m to 20 m. Therefore, the very low resistivity in the area is a strong indicator of water
accumulation and unstable soil types against dynamic loads such as earthquakes. These two things make this
layer a zone that has the potential to experience liquefaction in the event of a large earthquake. On this track,
indications of liquefaction can be seen from cracks in the river embankment with coordinates 0°4926" S and
100°192" E.

The data from track 2 shows a varied subsurface resistivity distribution with a measurement error
percentage of 14.9%, the 2D model cross section of the specific gravity of Track 2 is estimated to contain 3 types
of rocks, namely sand and gravel containing brackish water, sandy silt, sandy silt and gravel. Along 25 meters
there are estimated to be sand and gravel rocks with a thickness of 3 meters, sandy silt 2 meters and silt sand and
gravel 2 meters. Along 50 meters, sandy silt is estimated to be 4 meters thick, sandy silt and gravel 18.5 meters.
Along 75 meters it is estimated that there are sand and gravel rocks with a thickness of 2 meters, sandy silt 1
meter and sandy silt and gravel 25 meters. Along 100 meters it is estimated that there are sand and gravel rocks
with a thickness of 8 meters, sandy silt 3.5 meters, sandy silt and gravel 10 meters. Along 125 meters it is
estimated that there are sand and gravel rocks with a thickness of 1 meter, sandy silt 5 meters and 9 meters.

The potential liquefaction zone of track 2 is estimated to be at measurement points 65 meters to 100
meters, composed of sand and gravel rocks with a thickness of 10 meters. This is in accordance with the
geological conditions of the study area, namely alluvial deposits composed of sand, silt and gravel [20]. This
layer is indicated to contain brackish water so that it becomes a water-saturated zone [15]. The water stored in
this saturated zone is brackish water that has been mixed with sand and gravel with a resistivity of 0.50 - 1.96
Qm. The constituent materials of this layer are silt and sand which are the geological conditions most susceptible
to liquefaction, very low resistivity in the area is a strong indicator of water accumulation and unstable soil types
against dynamic loads such as earthquakes. The depth of the water table at this location ranges from 1 m to 10 m,
indicating that this trajectory has the potential for liquefaction.

In the data from track 3 shows a varied subsurface resistivity distribution with a percentage measurement
error of 10.8%, the cross section of the 2D model of specific gravity of Track 3 is estimated to have 3 types of
rocks, namely sand and gravel containing brackish water, sandy silt, sandy silt and gravel [17]. Along 25 meters
there are estimated to be sand and gravel rocks with a thickness of 4 meters, sandy silt 7 meters and silt sand and
gravel 3 meters. Along 50 meters it is estimated that there are sand and gravel rocks with a thickness of 7 meters,
sandy silt 8 meters. Along 75 meters it is estimated that there are sand and gravel rocks with a thickness of 7
meters, sandy silt 8 meters and sandy silt and gravel 8 meters. Along 100 meters, sand and gravel with a
thickness of 2.5 meters, sandy silt 7.5 and 18.5 meters are estimated. Along 125 meters it is estimated that there
are sand and gravel rocks with a thickness of 2.5 meters, sandy silt 5 meters and silty sand and gravel 2.5 meters.
This is in accordance with the geological conditions of the study area, namely alluvial deposits composed of
sand, silt and gravel [20].

The liquefaction potential zone of track 3 is estimated to be at measurement points 50 meters to 90
meters, composed of sandstone and gravel with a thickness of 23 meters. This layer is indicated to contain
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brackish water, making it a water-saturated zone [15]. The saturated zone containing brackish water, mixed with
sand and gravel rocks that have resistivity between 0.28 to 1.25 Qm, shows significant liquefaction potential.
This is due to the high water content in the soil, which causes the water pressure in the pores to increase,
especially during vibration. Soil structures consisting of sand and gravel, which tend to be uncompacted, can lose
their shear strength when exposed to vibration, thus behaving like a liquid. In addition, the depth of the water
table, which ranges from 1 m to 23 m, indicates that the overlying soil layers may not be stable enough to
withstand the pressure from the underlying layers. When external vibrations occur, such as earthquakes or
construction activities, the water pressure in the soil pores may increase, causing the soil to lose cohesion and
increasing the risk of liquefaction [12], considering all these factors, the site has conditions that favor
liquefaction, especially in situations of significant shaking or loading.

In the data from track 4 results show a varied subsurface resistivity distribution with a percentage
measurement error of 12.5%, the 2D model cross section of the specific gravity of Track 4 is estimated to have 3
types of rocks, namely sand and gravel containing salt water, sandy silt, sandy silt and gravel. Along 25 meters
there are estimated to be sandy silt rocks with a thickness of 7 meters and silt sand and gravel of 6.5 meters.
Along 50 meters there are sand and gravel rocks with a thickness of 8 meters, sandy silt 4 meters, sand silt and
gravel 8 meters. Along 75 meters it is estimated that there are sand and gravel rocks with a thickness of 7.5
meters, and sandy silt 2.5 meters and 20 meters. Along 100 meters it is estimated that there are sand and gravel
rocks with a thickness of 3 meters and 5 meters, sandy silt 5 and 9.5 meters. Along 125 meters it is estimated that
there are sand and gravel rocks with a thickness of 3 meters, sandy silt 4.5 meters, silt sand and gravel 6.5
meters.

The liquefaction potential zone of track 4 is estimated to be at measurement points 70 meters to 90
meters, composed of sandstone and gravel with a thickness of 22 meters. This layer is indicated to contain
brackish water, making it a water-saturated zone [15]. The saturated zone containing brackish water, mixed with
sand and gravel rocks that have resistivity between 0.25 to 2.38 Qm, shows significant liquefaction potential.
This is due to the high water content in the soil, which causes the water pressure in the pores to increase,
especially during vibration. Soil structures consisting of sand and gravel, which tend to be uncompacted, can lose
their shear strength when exposed to vibration, thus behaving like a liquid. In addition, the depth of the water
table, which ranges from 1 m to 23 m, indicates that the overlying soil layers may not be stable enough to
withstand the pressure from the underlying layers [8]. When external vibrations occur, such as earthquakes or
construction activities, the water pressure in the soil pores may increase, causing the soil to lose cohesion and
increasing the risk of liquefaction, taking all these factors into account, the site has conditions that favor
liquefaction, especially in situations of significant shaking or loading.

The results of the interpretation of liquefaction potential in Lubuk Buaya urban village, Koto Tangah sub-
district, identified that this research area has the potential to experience liquefaction, as evidenced by the results
of the study which showed the presence of water-saturated soil layers with low resistivity at shallow depths. This
is also reinforced by the discovery of several houses that have experienced liquefaction characteristics such as
falling foundations and cracked buildings. Geoelectric data obtained indicates that the sand, gravel and sandy silt
layers located in the subsurface have characteristics that support liquefaction when vibrations occur, such as
those produced by an earthquake. The results of this current research are in line with the results off research [20]
whichshows that the subsurface layer consists of water saturated alluvial deposits, which have the potential to
experience liquefaction when ann earthquake occurs. Based on the estimation that has been carried out, it is
found that the research area has considerable liquefaction potential.
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IV. CONCLUSION

This study successfully identified the potential for liquefaction in Lubuk Buaya urban village, Koto
Tangah sub-district, based on the rock specific resistivity value of the Schlumberger configuration geoelectric
method. The subsurface soil layers in Lubuk Buaya subdistrict show a potential for liquefaction with the
dominating soil layers being water-saturated sand, gravel, and sandy silt, with low resistivity values, especially
in the depth range of 5 to 20 meters. This finding is reinforced by field observations of structural damage such as
foundation settlement and building cracks, which are indicators of liquefaction. Therefore, it can be concluded
that the study area is susceptible to liquefaction, especially during an earthquake.
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