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ABSTRACT

This study aims to investigate the lithology of rocks along the Cot Iri Darussalam route to identify the causes of
road instability to reduce risks and ensure public safety. The research employed geoelectric resistivity methods,
using an ARES resistivity meter for 1D soundings and Geotitis for 2D profiling with a Wenner-Schlumberger con-
figuration. Data were processed with Res2Dinv for 2D inversion and Ipi2win for 1D modeling to derive subsurface
resistivity distributions. Results show that Line L1 has resistivity values ranging from 0 to 508.36 Qm and Line
L2 from 0 to 173.56 Qm, while the 1D soundings (SP1-SP5) range between 1 and 299 Qm. The lithology consists
of wet clay, clay, sandy clay, and sand, with clay-rich layers dominating and interpreted as the main weak zones
due to their impermeable and water-saturated nature. These layers, combined with high rainfall, poor drainage,
uneven traffic loading, and micro-vibrations from vehicles, are considered the primary causes of road instability
in the study area. The study is limited by the number of profiles and the absence of borehole validation, which
restricts the precision of lithological correlation, but it highlights the necessity of integrating geophysical and geo-
technical approaches for more accurate interpretation. The practical value of this research lies in its contribution
to road maintenance and rehabilitation planning in alluvial environments, offering a scientific basis for identifying
subsurface weak zones before infrastructure construction. The originality and significance of this work stem from
applying resistivity methods to characterize lithological variability and weak layers in an alluvial setting, thereby
filling a knowledge gap in understanding road instability mechanisms and providing insights for more resilient
transportation infrastructure development in Indonesia.
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INTRODUCTION degradation. Therefore, investigating subsurface

lithology is essential to understand the fundamen-

Road stability is strongly influenced by geo-  tal causes of road damage and to support sustain-
logical and geotechnical conditions, particularly  able infrastructure planning.

subsurface lithology. In regions dominated by Surface-based assessment methods such as

alluvial deposits and fine-grained sediments, ma- the pavement condition index (PCI) (Nahak et al.,

terials tend to weaken when saturated with wa- 2023; Taufikurrahman et al., 2022) and spatial net-

ter, reducing soil strength and accelerating road  work analysis including Space Syntax (Van Nes,
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2021; Pafka et al., 2020; Zheng et al., 2022) have
been widely applied to evaluate road conditions.
While effective in documenting surface-level dam-
age, these approaches do not address the geologi-
cal factors that control road stability. Geophysi-
cal techniques, particularly geoelectric resistivity
(Syukri et al.,2019) provide insights into lithology
and subsurface conditions associated with insta-
bility (Fadhli et al., 2025). Previous studies have
demonstrated their application for geotechnical
problems (Syukri et al., 2022), such as subsurface
weakness along Alue Naga Road (Syukri et al.,
2020) and landslide-prone zones along the Jantho—
Lamno corridor (Saputra et al., 2024). However,
the link between resistivity variations, lithological
characteristics, and road degradation in alluvial en-
vironments remains insufficiently explored.

This urgent research addresses the long-stand-
ing road damage along the Cot Iri-Darussalam
route. Road instability is a significant geological
concern in areas with alluvial deposits, such as
Kuta Baro District. Alluvial deposits can lead to
weak and unstable subsurface layers due to water.
The absorbed water likely comes from roadside
drainage channels with poor drainage systems,
especially during the rainy season. Fine-grained
subsurface layers, such as clay, have a high water
absorption capacity, becoming soft, plastic, or lig-
uid (Jahandari et al., 2022; Mahmood et al., 2022).
These layers are usually conductive, with low re-
sistivity values, and are considered weak zones on
the road (Ademila, 2021; Jekayinfa et al., 2021).

This knowledge gap is highly relevant to the
Cot Iri-Darussalam route in Aceh Besar, which is
underlain by alluvial deposits and affected by poor
drainage conditions. Despite long-standing road
problems, no studies have systematically analyzed
the role of saturated fine-grained deposits in road
instability using resistivity methods. The study is
limited by the number of profiles and the absence
of borehole validation, which restricts the preci-
sion of lithological correlation, but it highlights the
necessity of integrating geophysical and geotech-
nical approaches for more accurate interpretation

This study aims to investigate the lithology of
rocks along the Cot Iri Darussalam route to identi-
fy the causes of road instability to reduce risks and
ensure public safety. The central hypothesis is that
low-resistivity zones correspond to fine-grained,
water-saturated materials that significantly weaken
the subsurface. This research is significant because
it provides a new perspective on the relationship
between subsurface lithology and road instability

in alluvial environments. By applying geoelectric
resistivity to identify weak, water-saturated layers,
the study addresses a gap in understanding that has
not been explored in previous road condition as-
sessments. The findings are expected to contribute
to the scientific development of geophysical appli-
cations in geotechnical studies and offer practical
implications for designing more effective and sus-
tainable road infrastructure, particularly in regions
with similar geological settings.

GENERAL GEOLOGY OF STUDY AREA

The geology of Aceh Besar is complex and
diverse. This region is traversed by the active Se-
mangko Fault, which affects the morphology of
Sumatra Island and makes the area prone to earth-
quakes and landslides (Bennett et al.,1981; Bar-
ber et al., 2005). The rocks found in this area in-
clude igneous and metamorphic rocks, sedimen-
tary rocks, and ancient volcanic formations. The
alluvial deposits in the Krueng Aceh Valley are
believed to have been deposited in flood basins,
river systems, transitional areas, and linear clastic
deposits. Approximately 80% of the rock types in
Aceh Besar are alluvial deposits (Qh), while the
remainder are Lamteuba volcanic rocks.

Several other formations are present around
the study area, including sedimentary and volca-
nic rocks from the Neogene to Quaternary peri-
ods, such as the Lam Teuba Volcanic Formation
(QTvt), the Lam Teuba Volcanic Lahar Formation
(Qvtl), and the Seulimeum Formation (QTps). The
Lam Teuba Volcanic Formation (QTvt) comprises
andesite, dacite, pumice breccia, tuff, agglom-
erate, and volcanic ash and includes lahar rock
members (Qvt). The Lahar Member Formation
(Qvtl) is a mix of water, volcanic ash, and other
materials carried by water flow or rain, character-
ized by loose and unstable properties. Meanwhile,
the Seulimeum Formation (QTps) consists of
tuffaceous sandstone, calcareous sandstone, con-
glomerate, and minor muddy deposits (Bennett et
al.,1981; Barber et al., 2005; Muksin ¢ al., 2018;
Sieh et al., 2000; McCaffrey et al., 2009).

Based on the geological map (Bennett et
al.,1981) shown in Figure 1, the Kuta Baro Dis-
trict in Aceh Besar Regency is predominantly
composed of sedimentary rocks with thick al-
luvial deposits, which are young deposits sym-
bolized by the code Qh. This Qh code indicates
the presence of Holocene alluvium deposits

129



Ecological Engineering & Environmental Technology 2025, 26(10), 128-139

(Simanjuntak et al., 2020). These alluvial de-
posits contain various materials such as gravel,
sand, mud, silty sand, sandy clay, silty clay, and
other swamp-derived sediments. The sources of
these deposits include volcanic activity from
Mount Seulawah Agam and changes in rainfall
patterns (Chapkanski et al., 2022).

Alluvial deposits, a significant geological
feature in Aceh Besar Regency, especially in
Kuta Baro, have characteristics that signifi-
cantly impact road damage. These deposits
are formed from materials transported by river
flow or rainfall and consist of various materi-
als, such as gravel, sand, mud, and clay. Al-
luvial deposits tend to have low consolidation
and high water absorption capacity, making
them susceptible to erosion and flooding dur-
ing rainfall. Their strength and stability are
also low, making them prone to deformation
and soil movement that can lead to road dam-
age (Torres et al., 2021; Choungache et al.,
2023; Zhao et al., 2023).

METHODOLOGY

This study consisted of three main stages —data
acquisition, data processing, and interpretation.
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1. Data acquisition

Field measurements were carried out along
the Cot Iri, Darussalam route using two types
of equipment: an Automatic Resistivitymeter
(ARES) for 1D vertical electrical sounding (VES)
and a Geotitis instrument for 2D electrical resis-
tivity tomography (ERT). The Wenner-Schlum-
berger array was selected because it provides a
good balance between vertical and horizontal
resolution and is widely applied in engineering
geophysics for shallow subsurface investigations
(Syukri et al, 2022).

For the 2D geoelectric measurements, line 1
(L1)is 217 meters long with an electrode spacing
of 7 meters, while line 2 (L2) is 93 meters long
with an electrode spacing of 3 meters. For the
1D geoelectric measurements, Sounding Points
1,2, 3,4, and 5 each have a length of 30 meters
with an electrode spacing of 0.5 meters. These
measurement lines were conducted using the
Wenner configuration, aligned with the direction
of road instability and located between the road
and water channels, as shown in Figure 2. The
2D geoelectric measurement data was processed
using Re2dinv and Surfer software to obtain 2D
modeling results, which were then interpreted to
analyze road instability in the study area. The
1D geoelectric data was processed using Ipi2win
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Figure 1. Regional geological map of Aceh Besar (modified from Bennett et al., 1981)
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Figure 2. The study area of the geophysical survey

and Surfer software to obtain modeling results
as additional data for analyzing road instability
in the study area. Layers causing instability can
be identified by examining the subsurface re-
sistivity values generated in the cross-sectional
modeling, with low resistivity values indicating
potential instability.

2. Data processing

The 2D datasets were inverted using Res2D-
INV, which applies a least-squares optimization
algorithm to convert apparent resistivity measure-
ments into true resistivity cross-sections. The re-
sults were visualized and contoured using Surfer
to highlight resistivity contrasts. The 1D sound-
ing data were processed with IPI2win, a widely
used program for interpreting VES data based
on curve matching and inversion routines. The
choice of these software packages was motivated
by their robustness, wide acceptance in engineer-
ing geophysics, and ability to integrate inversion
with lithological interpretation.

3. Interpretation

Interpretation was carried out by correlat-
ing resistivity values with lithological proper-
ties based on published references (Telford et
al., 1990; Reynolds, 2011) and local geological
information. Low resistivity zones (< 30 Qm)
were identified as fine-grained, water-saturated

sediments such as clay or silt, which are mechani-
cally weak and prone to instability. Medium re-
sistivity values (30-300 Qm) were attributed to
sandy deposits or weathered materials, while high
resistivity values (> 300 Qm) indicated consoli-
dated rocks or dry coarse sediments. Layers caus-
ing road instability were identified specifically as
continuous low-resistivity horizons located be-
neath or adjacent to the roadbed, interpreted as
weak water-saturated alluvial deposits.

By integrating 1D and 2D inversion results,
the study delineated subsurface zones responsible
for instability and provided a reproducible work-
flow: (i) establish survey geometry, (ii) acquire
resistivity data, (iii) invert data using Res2Dinv
and [PI2win, (iv) validate resistivity ranges with
geological references, and (v) map weak zones
related to road deformation.

RESULTS AND DISCUSSION

Resistivity geoelectric measurements were
conducted along seven lines, consisting of two 2D
lines and five 1D geoelectric points, as shown in
Figure 4. The 2D resistivity geoelectric measure-
ments were performed at two locations, namely
Lines L1 and L2, using the Wenner-Schlum-
berger configuration. The measurement data was

131



Ecological Engineering & Environmental Technology 2025, 26(10), 128-139

Conductive Area
Distance (m)
0.0 8.0 56.0 840 1120 1400 168.0 196.0
1 1 1 1 1 | 1
131 — -
7.10 — ‘ '
104 —
= 141 —
€3
= 226 —
g 27.5 — Clay
328 —
= Sandy Cl
andy Clay
gl
0,62 3 2

Conductive Area

()
]

Distance (m)
1120 1400 168.0 19610
Il Il

Depth (m)

Figure 3. 2D cross-section of survey line L1, (a) Res2Dinv inversion and (b) Surfer visualization,
highlighting weak clay zones (<30 Qm) and stronger sandy clay—sand deposits (> 30 Qm)

processed using Re2dinv software to obtain 2D
models, which were then interpreted to analyze
road instability in the study area. The 1D geo-
electric measurements were conducted using the
Wenner configuration in Kuta Baro District, Aceh
Besar. The 1D geoelectric data was processed us-
ing Ipi2win software to obtain models as supple-
mentary data for analyzing road instability in the
study area. The layers causing instability can be
identified by examining the subsurface resistiv-
ity values in the cross-sectional model, with low
resistivity values indicating potential instability.
Line 1 (L1) is located at coordinates
5°33°7.72” N and 95°22°28.64” E in Rumpet Vil-
lage, Kuta Baro District. This line is 217 meters
long and situated on a residential road near the
unstable road section. The measurement area’s el-
evation at line L1 is 19 meters, with clear weather
conditions during data collection. Based on the
measurements processed with Res2dinv soft-
ware, the resistivity model for line L1 is shown in

132

Figure 3, consisting of resistivity values ranging
from 0 to 508.36 Qm and a penetration depth of
1.31 to 45.2 meters, with four iterations. The re-
sistivity distribution indicates layers of wet clay,
clay, sandy clay, and sand, which are part of the
alluvial rock formation.

The first deposit has a resistivity value of 3.15
to 24.06 Qm, suspected to be clay deposits, repre-
sented by light blue to light green colors. The sec-
ond deposit has a resistivity range of 0 to 3.14 Qm
and is suspected to be a wet clay deposit, shown
in dark blue to blue colors. The third deposit has
a resistivity range of 24.07 to 122.43 Qm and is
suspected to be a sandy clay deposit, shown in
yellow to red colors. Meanwhile, the fourth de-
posit has a resistivity range of 183.87 to 508.36
Qm, suspected to be sand deposits, shown in dark
red to purple colors.

Based on the resistivity values obtained, Fig-
ure 3 also shows the distribution of each type of
deposit. First are the clay deposits, which spread
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Figure 4. 2D cross-section of survey line L2, (a) Res2Dinv inversion and (b) Surfer visualization,
highlighting weak clay zones (< 30 Qm) and stronger sandy clay—sand deposits (> 30 Qm)

across the line from 11 to 195 meters, with depths
ranging from 1.31 to 45.2 meters. Second, the
clay deposits are distributed along the line in in-
tervals of 51 to 57 meters and 79 to 82 meters,
with depths of 8.10 to 12.5 meters and 51 to 117
meters. The second clay deposits spread across
the line from 131 to 145 meters at depths of 11.4
to 15.5 meters. The last clay deposits are located
in intervals of 161 to 166 meters and 196 to 207
meters, at depths of 5.5 to 11.5 meters and 1.31 to
8.5 meters. Third are the sandy clay deposits, dis-
tributed along the line from 58 to 89 meters and
120 to 124 meters, at depths of 6.1 to 32.8 meters
and 1.31 to 8.5 meters. The second sandy clay de-
posits are located in intervals of 119 to 178 meters
at depths of 3.5 to 45.2 meters. The last deposits,
sand, are scattered around the sandy clay and clay
deposits, located at intervals of 120 to 126 meters
at depths of 37.5 to 45.2 meters.

Line 2 (L2) is located at coordinates
5°32°23.85” N and 95°22°26.21” E, in Cot Cut
Village, Kuta Baro District, with a measurement
area elevation of 18 meters. This line is 96 me-
ters long and situated in a paddy field near the

unstable road. The resistivity model for L2 is
shown in Figure 3, consisting of resistivity values
ranging from 0.563 to 19.4 meters, with four it-
erations. The three profiles are depicted based on
resistivity values ranging from 0 to 173.56 Qm,
with depths from 0.56 to 19.4 meters.

The resistivity distribution for line L2 falls
within the range of wet clay, clay, and sandy clay
layers, classified as part of the alluvial rock for-
mation. The first deposit has a resistivity value
of 4 to 20.72 Qm and is suspected to be a clay
deposit, represented by dark blue to green col-
ors. The second deposit has a resistivity range
of 20.73 to 173.56 Qm and is suspected to be a
sandy clay deposit, shown in light green to brown
colors. Meanwhile, the third deposit has a resis-
tivity range of 0 to 3 Qm, suspected to be wet clay
deposits, indicated by orange to purple colors.

Based on the resistivity values obtained, Fig-
ure 4 also shows the distribution of each type of
deposit. First are the clay deposits, which spread
across the line from 7.5 to 88.5 meters, with
depths ranging from 0.56 to 19.4 meters. Second,
the sandy clay deposits are located at intervals of
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6 to 18 meters, with depths from 2.5 to 7.77 me-
ters. The second sandy clay deposits spread across
the line from 32 to 50 meters at depths from 4.9 to
15.4 meters. The third sandy clay deposits are lo-
cated at intervals of 58 to 68 meters and 70 to 75
meters, with depths from 2.5 to 7.77 meters and
3.9 to 6.6 meters, respectively. The last deposits,
wet clay, are located at intervals of 50 to 68 me-
ters and 70 to 77 meters, at depths from 14 to 19.4
meters and 5.5 to 19.4 meters.

The subsurface layers along the two 2D geo-
electric lines are dominated by layers with low
resistivity values (conductive). The resistivity
profile for L1 shows layers with relatively low re-
sistivity (p <30 Qm) at depths of 1.31 to 45.2 me-
ters at certain distances. Meanwhile, the resistiv-
ity profile for L2 shows low resistivity layers (p <
30 Qm) at depths of 0.563 to 19.4 meters. Some
reasons for the low resistivity values in these lo-
cations include water accumulation from rainfall
or drainage channels. Field observations indicate
that L1 is located in a residential area close to a
water channel on the western side and a paddy
field on the eastern side, making it likely for water
to accumulate in the clay layers in this area. L2 is
situated in a paddy field area, which explains the
low resistivity values at that location.

Sounding Point 1 is located at coordinates
5°33°2.76” N and 95°22°24.97” E, in Cot Cut
Village, Kuta Baro District. This line is 30 meters
long, perpendicular to the road, and between the
unstable road and the water channel. The mea-
surement area’s elevation at Sounding Point 1 is
20 meters, with clear weather conditions during
data collection. Based on the measurements pro-
cessed with Ipi2win software, the resistivity mod-
el for Sounding Point 1 is shown in Figure 5(a),
consisting of three types of curves. The black
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curve represents the graph of apparent resistiv-
ity values, the red curve represents the synthetic
modeling graph, and the blue curve represents
the inversion results between field data and the
synthetic model regarding actual resistivity val-
ues. The resistivity distribution ranges from 2.62
to 138 Qm, with a penetration depth of 0 to 5.05
meters and an RMS error of 5.79%. The interpre-
tation results shown in Figure 5(b) 6 indicate that
the study area’s lithology is dominated by two de-
posits: clay deposits at depths of 0 to 5.05 meters
with resistivity values of 2.62 to 26.8 Qm, and
sandy clay deposits at depths greater than 5.06
meters with a resistivity value of 138 Qm.
Sounding Point 2 is located at coordinates
5°32°55.32” N, 95°22°24.79” E. The profile
at this location has the same length as that of
Sounding Point 1, measuring 30 meters, and
runs perpendicular to the road. The distance be-
tween Sounding Points 1 and 2 is approximately
230 meters. The elevation at Sounding Point 2
is 21 meters. Data collection was conducted on
the same day as at Sounding Point 1, along with
Sounding Points 3, 4, and 5. The resistivity mod-
el results for Sounding Point 2 are presented in
Figure 6(a). This figure consists of three curves:
the black curve represents the apparent resistivity
values, the red curve indicates the synthetic mod-
el, and the blue curve shows the inversion results.
The resistivity values range from 1.43 to 135 Qm,
with a penetration depth of 0 to 5.09 meters and
an RMS error of 3.12%. The interpretation shown
in Figure 6(b) indicates that two types of deposits
dominate the lithology of the study area. The first
is clay deposits, found at depths of 0 to 2.89 me-
ters and greater than 5.09 meters, with resistivity
values between 1.43 and 26.8 Qm. The second
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Figure S. (a) 1D model of Sounding Point 1, (b) interpretation of the 1D section model at sounding point 1
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type is sandy clay deposits, located at depths of
2.9 to 5.09 meters, with a resistivity of 135 Qm.
Sounding Point 3 is located at coordinates
5°32°46.08” N, 95°22°24.54” E. This profile
also measures 30 meters long and runs perpen-
dicular to the road. The distance from Sounding
Point 2 to Sounding Point 3 is approximately
230 meters. The elevation at Sounding Point 3
is 16 meters. The resistivity model results for
Sounding Point 3 are presented in Figure 7(a),
which also features three curves: the black curve
for apparent resistivity values, the red curve for
the synthetic model, and the blue curve for the
inversion results. The resistivity values range
from 1.47 to 299 Qm, with a penetration depth
of 0 to 5.98 meters and an RMS error of 5.98%.
The interpretation presented in Figure 7(b) in-
dicates that two types of deposits dominate the
lithology of the study area. The first is clay de-
posits, found at depths of 0 to 1.96 meters, with
resistivity values ranging from 1.47 to 22.5 Qm.
The second type is sandy clay deposits at depths

8.96 0.992 0.992 -0.991
292 0612 16 -1.604
268 127 287 -2.87
624 129 416 -416
262 0891 505 -5.05
138

N\

[TTTTT MR

(2)

w~

w

£

n

=

greater than 1.96 meters, with resistivity values
between 40.6 and 299 Qm.

Sounding Point 4 is located at coordinates
5°32°37.40” N, 95°22°24.39” E. The profile at this
point has the same length as the profile at Sound-
ing Point 1 and runs perpendicular to the road. The
distance from Sounding Point 3 to Sounding Point
4 is approximately 230 meters, and the elevation
of the measurement area at Sounding Point 4 is 18
meters. The resistivity model results for Sounding
Point 4 are presented in Figure 8(a), consisting of
three curves: the black curve represents the appar-
ent resistivity values, the red curve represents the
synthetic model, and the blue curve represents the
inversion results. The resistivity values range from
1 to 210 Qm, with a penetration depth of 0 to 5
meters and an RMS error of 4.01%. The interpreta-
tion shown in Figure 8(b) indicates that the lithol-
ogy of the study area is dominated by two types
of deposits: clay deposits, found at depths of 0 to
1.82 meters and greater than 5 meters, with resis-
tivity values between 1 and 10.7 Qm and sandy
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Figure 6. (a) 1D model of Sounding Point 2, (b) interpretation of the 1D section model at sounding point 2
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Figure 7. (a) 1D model of Sounding Point 3, (b) interpretation of the 1D section model at sounding point 3
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Figure 8. (a) 1D model of Sounding Point 4, (b) interpretation of the 1D section model at sounding point 4

clay deposits, located at depths of 1.83 to 5 meters,
with resistivity values ranging from 48 to 210 Qm.

Sounding Point 5 is located at coordinates
5°32°28.54” N, 95°22°24.19” E. The profile at
this point is the same length as that of Sound-
ing Point 1 and runs perpendicular to the road.
The distance from Sounding Point 4 to Sounding
Point 5 is approximately 230 meters. The eleva-
tion of the measurement area at Sounding Point
5 is 18 meters. The resistivity model results for
Sounding Point 5 are presented in Figure 9 (a),
consisting of three curves: the black curve rep-
resents the apparent resistivity values, the red
curve represents the synthetic model, and the
blue curve represents the inversion results. The
resistivity values range from 7.83 to 55.88 Qm,
with a penetration depth of 0 to 5 meters and an
RMS error of 1.12%. The interpretation shown
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in Figure 9 (b) indicates that the lithology of the
study area is dominated by two types of depos-
its: clay deposits, found at depths of 0 to 3.232
meters with resistivity values between 4.125 and
9.427 Qm, and sandy clay deposits located at
depths greater than 3.232 meters, with resistivity
values ranging from 33.13 to 55.88 Qm.

Figure 10 illustrates the correlation of the
1D section models from the profiles of Sounding
Points 1, 2, 3, 4, and 5, which are located between
the road and a drainage channel. These five pro-
files reveal two distinct sedimentary layers: clay
and sandy clay. The unstable layer, composed of
clay deposits, exhibits low resistivity values rang-
ing from 1 to 26.8 Qm. Clay is characterized by
its impermeable nature, which causes it to absorb
water, allowing liquid to penetrate and settle be-
low the surface. Clay becomes elastic and mobile

—
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(b)

Figure 9. (a) 1D model of Sounding Point 5, (b) interpretation of the 1D section model at Sounding Point 5
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Figure 10. Correlation of 1D sections across profiles L1, L2, L3, L4 & L5

when saturated, leading to surface instability and
potential deformation such as cracks, potholes,
and undulating roads when subjected to excessive
loads (Stempkowska et al., 2022; Lu et al., 2021;
Frianeza et al., 2022).

The instability observed in the study area is
primarily due to high rainfall and poor drainage
systems, which prevent rainwater from effec-
tively channeling away, leading to water accu-
mulation on the road. According to data from the
Aceh Provincial Statistics Bureau (2022) (BPS,
2023), there have been several instances of ex-
tremely high rainfall over the past few years (data
from 2013-2019). High rainfall contributes to
water pooling, affecting the roadbed’s density.
Additionally, inadequate drainage, resulting from
improperly constructed water channels, allows
the subsurface layers (such as sandy clay) to ab-
sorb a portion of the water. In addition to rain-
fall and drainage issues, excessive loading from

vehicles generates low-magnitude vibrations (mi-
croseisms). These microseisms can induce shape
changes in wet clay layers due to their softer and
less stable nature. Vibrations cause wet clay to ex-
perience greater compression or deformation than
dry clay. This can lead to subsidence or shifting of
the surrounding soil, ultimately causing damage
to infrastructure (Smith et al., 2021; Akpila, 2014;
Satyanaga et al 2021; Gheshlaghi et al., 2021).

CONCLUSIONS

Research utilizing 1D and 2D resistivity geo-
electric methods in the villages of Rumpet and Cot
Cut, Kuta Baro District, Aceh Besar Regency, has
led to the following conclusions: Line L1 shows
a resistivity distribution ranging from 0 to 508.36
Qm. In comparison, Line L2 ranges from 0 to
173.56 Qm. In the 1D modeling, Sounding Points
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1 through 5 exhibit resistivity values between 1
and 299 Qm. The lithology of the study area con-
sists of wet clay, clay, sandy clay, and sand, as
observed in both the 2D lines and 1D points. The
instability of roads in the study area is suspected
to be caused by the impermeable nature of clay
layers, which become saturated due to high rain-
fall, water intrusion into drainage channels due
to poor drainage systems, excessive loading on
one side of the road, and micro-vibrations from
vehicles. It is recommended that the number of
measurement profiles be increased and the results
be correlated with other geophysical methods,
such as borehole data, to obtain a more precise
and more accurate interpretation.
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