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ABSTRACT: Housing development in Indrapuri, Pekanbaru, located in a hilly area with steep terrain, presents
potential landslide hazards due to soil cutting and filling activities. This research is essential to determine whether
the housing development at this location is stable from landslide hazards, necessitating a scientific slope stability
analysis. The study aims to evaluate the safety factor of cut slopes, analyse landslide hazards based on soil
characteristics, and assess the impact of slope height on landslide potential. The research methodology involves
slope investigations, soil characteristic testing in field and laboratory settings, and slope stability evaluation using
the Fellenius Method. Field investigation results indicate that slope heights vary from 2 m to 5 m, with a slope
angle (o)) of 68°. The soil shear strength parameter (g) varies between 21.25° and 64.85°, while cohesion (c) ranges
from 43.97 kN/m2 to 84.56 kN/m2. These parameters can affect slope stability. At the Indrapuri site, variations in
soil shear strength and cohesion are likely influenced by geological and environmental factors. Slope stability
analysis reveals that the current slope conditions are stable from landslide hazards, with safety factor values
ranging from 2.42 to 5.20. These values exceed the minimum threshold for slope stability (SF > 1.25), indicating
stable conditions. However, under extreme rainfall conditions or additional loading, the safety factor may decrease
significantly and approach the critical limit (SF< 1.07), potentially leading to slope failure.
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1. INTRODUCTION erratic rain cycles lead to increased water content in
the soil, making the surface soil susceptible to
In geotechnical engineering, slope stability is a erosion. This can trigger landslides, particularly on
key issue, especially for residential projects in hilly steep slopes [1].
or rolling landscapes. In tropical regions like The development of housing on this terrain may
Indonesia, slope failures are frequently triggered by compromise slope stability. Slope stability in
intense rainfall, complex soil behaviour, and tropical climates, such as Indonesia, is prone to
unplanned land modifications. Many studies have landslides, particularly in the rainy season, often
emphasised that human activities like slope cutting accompanied by extreme rainfall [2]. Factors such as
and filling can disrupt the natural balance of slopes, increased groundwater content and fine-grained soil
increasing  their  vulnerability to landslides, characteristics in tropical areas can reduce slope
particularly in the rainy season [1-3]. . stability. Slope stability problems arise when natural
Despite increasing awareness, slope stability or engineered soil slopes lose their equilibrium. This
assessments in small-scale residential areas are often process increases the likelihood of a landslide
overlooked. ~ Comprehensive  investigations occurring [3]. On steep slopes, the process of cutting
combining field observation, laboratory testing, and and filling the soil can disrupt the stability of the hill,
stability analysis are essential to ensure that especially when there are changes in seasons, such
development projects are stable and sustainable. as heavy rain [4,5]. This process can cause the risk
Moreover, understanding the connection between of landslides. Landslides are geological phenomena
slope geometry and soil properties such as shear caused by various factors, including high rainfall,
strength and porosity is critical for forecasting soil erosion, and decreased slope stability due to
Iandslide riSkS. Indrapuri Pekanbal’u housing iS bUI|t inadequate deve'opment [5]
in a hilly area with varying heights. The hill is cut In some cases, slope stability depends on how the
and spread onto the sloping land surface to produce slope angle interacts with soil characteristics. Soil
flat land. Type 36 simple residential houses are characteristics include soil type, consistency, and
Constructed on ﬂat Iand. Rainfa” in '[hIS |Oca'[i0n iS shear Strength [6] Several studies have examined
very high, with an annual average reaching 2500- various aspects of slope failure. Slope failure is
3000 mm, especially during the rainy season from influenced by slope steepness [7,8]. Slopes can
October to December. High rainfall intensity and experience landslides with slope angles between 45°
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and 55°, with an increased water content of 5% to
12% [7,9]. Various studies have demonstrated that
the type of soil, its consistency, and the friction
angle affect slope stability [10,11]. Saturated sandy
clay soil has low soil strength, so that landslides can
occur [12]. Increasing the water content until it
reaches a saturated condition can remove cohesion
from 30% to 45%, triggering slope failure [11].
Slope stability is also influenced by rainfall, shear
strength, and soil grain size distribution [11,13-15].
Soil types with coarse grains are more vulnerable to
landslides caused by rainwater infiltration [16,17].
Nevertheless, the probability of landslides increases
on slopes with clay soil and an internal friction angle
(2) ranging from 11° to 15°. If the internal friction
angle () is higher than the slope angle (a), the slope
is stable from landslides with SF > 1.0. Thus, slopes
that do not meet this requirement become critical
(SF < 1) and must be made stable by decreasing the
motivating factor behind landslides. In addition to
soil characteristics and slope angle factors, climate
change that leads to greater extreme rainfall can
heighten the risk of slope instability in tropical
regions [4,17,18]. High rainfall intensity and
unpredictable  weather cycles will increase
groundwater levels and the risk of landslides in areas
with steep slopes, such as the research location.

Therefore, it is crucial to examine the
relationship between soil properties and landslide
occurrences on hill slopes, particularly in Indrapuri,
due to implications for the safety and well-being of
residents. While prior studies have often assumed
homogeneous soil layers, this research distinguishes
itself by considering the soil as stratified, featuring
multiple distinct layers. Thus, this study aims to
determine the safety factor of slopes subjected to
cutting, considering the layered soil profile, and to
analyse how variations in soil characteristics across
these layers influence landslide hazards.
Furthermore, the study explores the impact of slope
height and angle on slope stability. The findings are
expected to provide valuable guidance for
homeowners and developers regarding the
feasibility of housing development in Indrapuri, and
if instability is detected, to recommend appropriate
soil reinforcement or mitigation measures to
enhance slope safety.

The next planned topic, the effect of varying
slope angles on uniform and layered soils, will be
validated by the finite element method or limit
equilibrium analysis.

Several treatment methods, like the utilisation of
retaining walls, soil nails, geosynthetics, and surface
drainage systems, have been widely applied to
enhance slope stability in steep terrains [19,20].
These methods can lower pore water pressure and
raise soil shear strength, particularly under heavy
rainfall conditions.
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2. RESEARCH SIGNIFICANCE

This study provides original insights into slope
stability in Indrapuri, Pekanbaru, where housing
development occurs in hilly terrain highly
susceptible to landslides. Unlike previous works on
large-scale slope failures, this research examines
small to medium cut slopes (2-5 m) within
residential developments, offering novel
perspectives on how soil heterogeneity and slope
geometry influence stability. Integrating detailed
field investigations, laboratory testing, and Fellenius
Method analysis highlights the critical role of local
soil properties and rainfall conditions in determining
safety factors. The findings contribute new
knowledge to sustainable housing planning in
geologically sensitive regions.

3. RESEARCH METHODS

This study is being conducted at the same site as
earlier studies [21], which is a 13,000 m? housing
building site. This place may be found on Indrapuri
Hangtuah Street in Pekanbaru, Indonesia, at 0° 31'
25.2" N, 101° 29'42.1" E. A hill cut that creates the
current slope is depicted in Fig. 1.

Fig. 1 Condition of the cut slope

This study utilised a combination of field
investigations, laboratory analyses, and slope
stability assessments to evaluate the soil conditions
at the prospective construction site. Fieldwork
comprised Cone Penetration Tests (CPT) or sondir
conducted at two distinct locations, one at the slope
crest and another near the base, and the collection of
soil samples categorised as disturbed and
undisturbed. Disturbed samples were obtained from
depths ranging between 0.2 m and 1.6 m, whereas
undisturbed samples were collected from 1.6 m to 2
m depth using a hand auger at three separate
borehole sites.

Subsequent laboratory analyses were performed
on these samples to characterise the soil properties
pertinent to slope stability. The resulting laboratory
data were incorporated into a stability model to
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calculate the safety factor for the existing slope
geometry, considering actual slope height and angle.
To capture spatial variability in soil shear strength
attributes, interpolation was performed using the
measured data from the three boreholes and two
CPT points. This approach enabled the development
of representative soil profiles for slope stability
evaluation.

3.1 Laboratory Soil Testing

Laboratory soil testing encompasses direct shear
strength, liquid limit, plastic limit, and grain
gradation assessments. Grain gradation testing aims
to ascertain the distribution of soil grain size and
type, using a sieve according to the ASTM C-136-
06 method, based on values of the soil uniformity
coefficient (Cy) and the grain gradation coefficient
(Ce). Liquid limit testing uses the Casagrande tool,
and plastic limit testing is performed by rolling the
soil on a glass plate according to ASTM D4318
[24,25]. Direct shear strength testing provides
horizontal and vertical stress to undisturbed soil to
obtain the cohesion of the soil's shear strength value
and friction angle.

3.2 Slope Stability

The Fellenius Method (1927) computes the
Safety Factor for slope stability analysis. Due to its
effectiveness in determining safety factors in
difficult geotechnical circumstances, the Fellenius
Method has been frequently used for slope stability
investigations in tropical regions [2]. K. C.
Onyelowe [19] resulted in an intelligent model to
predict slope safety factors with measured geometry.

The forces acting on each slice's right and left
sides produce zero results in the direction
perpendicular to the landslide plane. Figure 2
displays a cross-section of the current slope
following the survey and measurement. The general
equation of the Fellenius method is as follows:

SF Sum of moments of shear resistance along the landslide plane (1)

Sum of moments of the weight of the landslide mass
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Fig. 2 Geometry of existing slope
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In this equation, SF represents the safety factor, g
denotes the soil’s friction angle (degrees), ¢
indicates the soil cohesion measured in kN/m2, as
refers to the length of the circular slip surface
segment at the i slice (meters), Wi is the weight of
the i soil slice in kN, u; corresponds to the pore
water pressure at the it slice (kN/m2), and o; is the
angle illustrated in Fig. 2. The threshold values for
the slope’s safety factor are summarized in Table 1.

Table 1. Classification of Slope Stability

Safety Factor Slope Condition
SF<1.07 Unstable
1.07<SF<1.25 Critical
SF>1.25 Stable

Source: Bowles,1991

4. RESULTS AND DISCUSSION
4.1 Slope Geometry from Field Investigation

The geometry of the existing slope, comprising
its height, angle, and cross-sectional profile, was
determined from the findings of the field
investigation. Figure 2 shows the geometry of the
current slope based on field data. According to the
findings of the geometry measurements, the housing
slope height ranges from 2 to 5 meters, and the slope
angle is o = 68°. Figure 2 depicts a stratified soil
layer from the ground surface to a depth of 5 meters.

4.2 Landslide Hazard Study Results on Soil
Characteristics

4.2.1 Results of Field Geotechnical Investigations

The sondir test results indicate that the hard
soil layer is located at a depth of 15.4 meters at the
slope crest and a depth of 9.6 meters near the base.
Three test spots were used for the bored test and
hand bore. Disturbed and undisturbed soil samples
were gathered at every site, ranging from 1.6 to 2.0
meters below the ground surface. The sand at the
three test locations varies in colour from yellowish-
brown to blackish-brown, according to the visual
evaluation of the hand boring test.

4.2.2 Results of Laboratory Soil Testing

The grain gradation test results determine the
soil grain size distribution from the grain gradation
coefficient (C¢) value and the uniformity coefficient
(Cy). The uniformity coefficient (C,) and grain
gradation coefficient (Cc) values are 2.33 and 1.112,
respectively. Based on the C. and C, values, the soil
type in this research location is well-graded sand.
High Cy and moderate C. values indicate well-
graded soil; however, under intense rainfall, the fine
fraction may still be mobilised, potentially initiating
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surface erosion, especially on steep slopes with poor
vegetation cover [11].

Table 2. USCS Classification System

Group symbol criteria Symbol
group

Coarse- Sand

grained soil  containing Gravel

50% or more than  contains

more 50% of coarse  many Pl SC

retained on fraction refined >7

the No. 200 passing sieve grains.

sieve No. 4

Based on Table 2, the type of soil at this research
location is SC, namely, well-graded clay sand. Due
to its ability to bear heavy weights, well-graded sand
is frequently employed in construction [13]. Other
soil parameters based on laboratory test results can
be seen in Table 3.

Table 3. Slope Soil Geotechnical Parameters

Parameters Symbol Range Average
Water content (%) ® 13.83-21.15 17.49
Wet unit weight Yy 20.9-22.2 21.6
(KN/m®)

Dry unit weight Yary 17.7-19.3 18.5
(KN/m®)

Friction angle (°) ] 21.25°-64.85° 43.05
Cohesion (kN/m?) c 43.97 - 84.56 64.26
Liquid Limit (%) LL 21.41-33.72 27.56
Plasticity Index (%) 1P 4.81-11.48 8.15
Specific gravity Gs 25-257 253

Based on Table 3, the soil water content of the
study location is included in the low water content
category at an average of 17.49%. Sandy soil tends
to have a lower water content value than clay soil.
The average wet soil density is 2.16 tons/m?, and the
average dry soil density is 1.85 tons/m?®,

The value of the soil plasticity index (PI)
indicates the plasticity characteristics of the soil.
The liquid limit (LL) and plastic limit (PL) values,
which characterise the soil's plasticity characteristics
as the water content varies, are used to calculate the
soil plasticity index. The soil's liquid limit value at
this study site ranges from 21.41 to 33.72%, with an
average of 27.56%, while the Plasticity Index (PI)
for the soil at the study site is 4.81 - 11.48% and an
average of 8.15%.

The soil type in the Low Plasticity category can
be obtained from the IP value, so the soil type at the
research location is sand. The internal friction angle
(o) is an angle that reflects the ability of soil grains
to interlock and withstand shear forces before
experiencing deformation or shear. Laboratory
results indicate that the internal friction angle ranges
from 21.25° to 64.85°. Substrates with small
internal friction angles are especially susceptible to
collapse and landslides in moist conditions, as their
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shear strength diminishes. As the internal friction
angle rises, so does the shear strength of the soil
[27,28]. Therefore, when examining slope stability,
it is crucial to establish the soil's internal friction
angle. Due to their reduced internal friction angle,
fine-grained soils are more susceptible to landslides
[26].

The soil cohesion value (c) from the laboratory
tests at this research location ranges from 43.97
kKN/m? to 84.56 kN/m?. Due to the lack of
cohesiveness in non-cohesive soils such as sand and
gravel, the shear strength of these materials is
greatly influenced by the friction between their
particles [24-26]. This soil can only achieve
cohesion through negative water pressure or clay.

The soil's porosity at this site varies between
28% and 34%. Low porosity indicates that the pore
space in the soil is smaller or less. Soils with low
porosity tend to be denser and slower to absorb
water. As a result, the soil finds it harder to absorb
and retain water, which can reduce the likelihood of
water saturation during heavy rainfall. Low porosity
increases stability, reflected in a more significant
safety factor, even under rainfall or surface runoff
conditions. Low porosity (28-34%) limits water
infiltration, reducing the likelihood of pore pressure
buildup during heavy rainfall events, thus
maintaining higher shear strength and increasing SF
even under saturated conditions [27]. Water
saturation decreases the shear strength of soils and
increases pore pressure, which often contributes to
landslide occurrences. Landslide events not only
change the soil structure but also change the particle
size in the soil [14].

Specific gravity (Gs) values of 2.50-2.57
indicate that the slope soils consist mainly of mineral
materials such as sandy loam or low-plasticity clay,
with minor organic or lightweight minerals like
kaolinite, resulting in slightly lower bulk density
than pure mineral soils. Direct shear tests show
varying cohesion and internal friction angles across
layers, influenced by particle density [28,29]. While
lower Gs generally reduces friction angle, the
combination of high cohesion in the upper layer and
high friction angles in the lower layer ensures
overall slope stability even at steep slope angles [30].

4.2.3 Analysis of Slope Stability

The results of the slope stability analysis
according to the Fellenius method are applied to
ascertain the safety factor value for a slope
composed of layered soil. The first layer is 2 m deep,
and the second layer is more than 2 m deep. Table 4
shows the parameters of soil shear strength of each
layer with a slope height of 2-5 m. Table 4 shows the
slope safety factor values for 2m, 3m, 4m, and 5m
heights with a 68° slope.
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Table 4. Slope Safety Factors Based on Soil Layer
Properties at Various Locations

Loc. H  Sail c 7 (°) Y a SF

Layer (kN/m?) (KN/m® (9
1 84.56 21.25 17.9 .

! 2 2 65.43 64.85 17.4 68 5.20
1 84.56 21.25 17.9 .

2 3 2 65.43 64.85 17.4 68* 3.11
1 84.56 21.25 17.9 .

3 4 2 65.43 64.85 17.4 68 2.52
1 84.56 21.25 17.9 .

4 5 2 65.43 64.85 17.4 68 2.24

The findings of the slope stability analysis are
shown in Table 4, which includes information from
four slope locations along with their safety factor
(SF). Each site is assumed to have a uniform slope
(o = 68°), with the soil layer characteristics
demonstrating the cohesion (c) and angle of internal
friction () for the two layers presented in Table 4.

The identification of the hill and the stability
analysis of the slope after cutting and filling
operations to a low location indicate that the safety
factor of the current slope ranges from 2.24 to 5.20.
This value indicates that the slope is stable because
SF > 1.25. This occurs because the cohesion of the
first and second soil layers is relatively high, where
the soil with high cohesion can provide additional
retaining force, so that the slope can still be stable
even though the hill is steep [6,30,31]. The high
cohesion of the upper layer and strong frictional
resistance of the lower layer act together to create a
resisting force exceeding the driving force, despite
the steep slope angle [3,32]. The interaction between
these layers forms a composite resistance
mechanism that contributes significantly to overall
slope stability.

5.2
4.1

3.2

224 23 26

Safety Factor, SF
O P N W b O O

20 30 40 50 60 70
Friction Angle, @ (degrees)
Fig. 3 Relationship between Friction Angle () and
Safety Factor (SF)

Figure 3 depicts the connection between the
resulting safety factor (SF) and the soil's internal
friction angle (2). The data show a consistent
increase in SF with higher g values, indicating that
soil layers with greater shear resistance contribute
significantly to slope stability. This relationship
supports the observed high SF values despite steep
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slope angles due to the high friction angle exhibited
by the lower layers of soil [5]. Because the second
dirt layer has a larger friction angle than the first, it
can withstand the first layer's friction angle and act
as a stable foundation for the weaker first layer.

Although the existing slope condition is
considered stable, the current slope angle () of 68°
should be noted as being significantly greater than
the soil's internal friction angle (@), which is between
21.25° and 64.85°. According to previous studies
[13,33,34] When the slope angle () is higher than
the soil’s internal friction (@), there is a high
probability of significant slope instability, leading to
an increased risk of landslides, especially when the
moisture content or additional load increases on the
slope.

Therefore, further research must explore more
effective mitigation methods in anticipating future
landslide hazards. Preventive measures, such as
slope reinforcement using retaining walls and
drainage to control excessive soil moisture due to
heavy rainfall, must be considered [35]. Future work
will include validation using finite element methods
(e.g., Plaxis 2D) or LEM-based software (e.g.,
Geoslope) to contrast the safety factors acquired
through the Fellenius method, thereby ensuring the
robustness of the slope stability predictions.

4.2.4 Slope Height's Impact on Landslides

Figure 4 illustrates the connection between slope
height and slope safety factor. Figure 4 illustrates the
connection between slope height and safety factors.
The slope height ranges from 2 to 5 meters.
According to Fig. 4, if the slope height increases, the
slope safety factor decreases. The reduction in SF is
more pronounced for slopes higher than five meters.
The slope's height rises in proportion to its
increasing angle. The slope's angle increases with
slope height [5,36].

At a slope angle greater than 68°, the SF value
can be close to or even lower than 1.0, indicating a
high risk of landslides, especially if the soil is
saturated [18,37]. The soil can become saturated due
to high rainfall, impacting slope stability [27]. Steep
slopes with high water content are very susceptible
to landslides [18,38].

w6

? y = 8.0438e-0.273x
o R2 =0.8982

3 4 5
Slope Height (m)

Safety Factor, S
N ~

o

Fig. 4 Relationship between slope height and safety
factor
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The finding that steeper slopes increase landslide
risk is consistent with previous studies in tropical
regions, showing that landslide risk increases with
increasing water content due to high rainfall [2].
Because slope angle influences how gravity works
on the soil mass, it is essential for slope stability.
With elevation increases of greater magnitude, the
soil mass becomes heavier and the pore water
pressure at the slope's base intensifies, leading to a
greater driving force and reduced stability of the hill
[38]. Furthermore, steeper slopes increase the
likelihood of landslides because of increased
gravitational forces and decreased retention forces
from soil friction and cohesiveness [5,6].

In addition to internal factors such as slope angle
and soil characteristics, human activities around the
study area can also disrupt slope stability.
Infrastructure  development  without  proper
preparation and landslide risk management
measures, especially during high rainfall, will
disrupt slope stability. Therefore, the impact of
human activities on the environment should be
included in future studies to support effective risk
management. In slope stability and geotechnical
engineering, this includes assessing how
infrastructure development, deforestation, and land-
use changes affect soil strength, landslide potential,
and surrounding ecosystems. For example, the
construction of roads and housing on sloping land
will cause changes in drainage patterns and reduce
the soil-bearing capacity. At the same time, tree
felling removes the vegetative cover that holds the
soil in place, making the slope vulnerable to erosion
and landslides.

5. CONCLUSION

This study assessed the slope stability of a
residential area in Indrapuri, Pekanbaru, using field
investigations, laboratory tests, and slope stability
analysis based on the Fellenius method. The results
indicate that the current slope conditions, with
heights ranging from 2 to 5 meters and a slope angle
of 68°, are considered stable, as reflected by SF
values ranging from 2.24 to 5.20.

The stability is influenced by the high cohesion
in the upper soil layer (43.97-84.56 kN/m2) and the
high friction angle in the lower layer (up to 64.85°),
providing a composite resisting force that
counteracts potential sliding. Furthermore, the low
soil porosity (28%-34%) contributes to reduced
water infiltration and lower pore pressure during
heavy rainfall, helping to maintain shear strength
even under saturated conditions.

However, the slope angle exceeding the internal
friction angle in some layers presents a latent risk,
especially under increased moisture content or
loading. Although the current SF values are well
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above the critical threshold (SF < 1.07), slope failure
may still occur under extreme conditions.
Therefore, preventive actions like surface
drainage and mechanical reinforcement (e.g.,
retaining walls) should be implemented to mitigate
potential landslide hazards further. Future research
will include validation using finite element (e.g.,
Plaxis 2D) and limit equilibrium methods (e.g.,
Geoslope) to enhance the reliability of the stability
analysis and evaluate different slope reinforcement
scenarios under various rainfall intensities.

6. ACKNOWLEDGEMENTS

The study was funded by the University of Riau's
Institute for Research and Community Service
(LPPM) and supported by the Budget
Implementation List (DIPA) of the University of
Riau through the Research Contract Agreement
Letter for the Superior Research Scheme (RUUR)
Number: 29015/UN19.5.1.3/AL.04/2025, dated
July 30, 2025. The authors thank the University of
Riau for its help.

7. REFERENCES

[1] Susilowati and Kusumastuti D.I.
Hydrometeorological ~ Disaster  Mitigation
Through Rainfall Intensity Mapping Using IDF
in Sumatra Island, Indonesia. International
Journal of Design and Nature and Ecodynamics,
19(2) 2024, pp. 571-579.
https://doi.org/10.18280/ijdne.190223

[2] Abdulahi M.M., and Egli P.E. Landslides
Triggered By the July 21 — 22, 2024, Heavy
Rainfall in the Gofa Zone, Southern. Landslides
News. Springer Berlin Heidelberg, 2024.
https://doi.org/10.1007/s10346-024-02397-4

[3] Zein A.K.M., and Karim W.A. Stability Of
Slopes On Clays Of Variable Strength By Limit
Equilibrium And Finite Element Analysis
Methods. International Journal of GEOMATE,
13(38) 2017, pp. 157-164.
https://doi.org/10.21660/2017.38.62697

[4] Abeykoon T., and Jayakody S. Factors
Controlling Rainfall-Induced Slope Instability

Of Natural Slopes In North Maleny,
Queensland. International  Journal  of
GEOMATE, 23(100) 2022, pp. 9-16.

https://doi.org/10.21660/2022.100.3596

[5] ZakariaZ.,Paripurno E.T., Joseph B.C.S.S.S.A.
Angle Of Slope And Slope Safety Factor
Relationship In Gendol River, Southern Slope
Of Merapi Volcano, Yogyakarta. International
Journal of GEOMATE, 17(64) 2019, pp. 93-99.
https://doi.org/10.21660/2019.64.42673

[6] Miura N., Nakamura D., Kawaguchi T., and
Kawajiri S. Investigation and Stability Analysis
Of Slope Failure At Extremely Shallow Layer


https://doi.org/10.18280/ijdne.190223
https://doi.org/10.1007/s10346-024-02397-4
https://doi.org/10.21660/2017.38.62697
https://doi.org/10.21660/2022.100.3596
https://doi.org/10.21660/2019.64.42673

International Journal of GEOMATE, Dec., 2025 Vol.29, Issue 136, pp.20-27

After Snowmelt In Snowy Cold Regions.
International Journal of GEOMATE, 22(92)
2022, pp. 109-115.
https://doi.org/10.21660/2022.92.gxi371

[71 Rochim A., and Pratikso. Characterization of
Landslide and Its Earthwork Solutions. Journal
of Physics: Conference Series, 1517(1) 2020.
https://doi.org/10.1088/1742-
6596/1517/1/012035

[8] Wilopo W., Ekasara A.R., Setiawan H., and
Karnawati D. The 22 February 2018 Landslide
Mechanism in Pasir Panjang Village, Brebes
Regency, Central Java, Indonesia. Journal of
Applied Geology, 4(2) 2019, p. 92
https://doi.org/10.22146/jag.53255

[9] Silva D.de.F.S.da., Corteletti R.C., Santos
A.EM., and Silva E.AS.da. Influence of
Parameters On The Development of Landslides
in the Estrada de Ferro Vitéria-Minas slopes.
Research, Society and Development, 10(10)
2021, p. €569101019300.
https://doi.org/10.33448/rsd-v10i10.19300

[10]Li Y.Hu, C., Long J.Li.D., and Wang Y. A
Slope Stability Based Realm Optimization
Analysis for an Open Pit Mine in Cold Region:
Taking Jiguanshan Molybdenum Mine for

Example. Geofluids, 2022 2022.
https://doi.org/10.1155/2022/2150610
[11]Lalitha M., Kumar K.S.A., Nair K.M,,

Dharumarajan S., Koyal A., Khandal S., Kaliraj
S., Hedge R. Evaluating Pedogenesis and Soil
Atterberg Limits for Inducing Landslides in the
Western Ghats, Idukki District of Kerala, South
India. Natural Hazards, 106(1) 2021, pp. 487—
507. https://doi.org/10.1007/s11069-020-
04472-0

[12] Prakasam C., Aravinth R., Nagarajan B., and
Kanwar V.S. Site-Specific Geological and
Geotechnical Investigation of a Debris
Landslide Along Unstable Road Cut Slopes in
the Himalayan Region, India. Geomatics
Natural Hazards Risk, 11(1) 2020, pp. 1827—
1848.
https://doi.org/10.1080/19475705.2020.181381
2

[13] Mumayyizah M., Candra A.l., Iskindaria A.,
Mufaidah F., and Aldiansyah M.R.
Investigation and Slope Improvement of
Landslides on Bodor River Slopes. U Karst, 07,
(02) 2023, pp. 161-173.
https://doi.org/10.30737/ukarst.v7i2.5031

[14] Noviyanto A., Sartohadi J., and Purwanto B.H.
The Distribution of Soil Morphological
Characteristics for Landslide-Impacted
Sumbing Volcano, Central Java-Indonesia.
Geoenvironmental Disasters, 7(1) 2020.
https://doi.org/10.1186/s40677-020-00158-8

[15] Zhang S., Jia H., Wang C., Wang X., He S., and
Jiang P. Deep-Learning-Based Landslide Early

26

Warning Method for Loose Deposits Slope
Coupled with Groundwater and Rainfall
Monitoring. Computers and Geotechnics,
165(November2023) 2024, p.105924.
https://doi.org/10.1016/j.compgeo.2023.10592
4
[16]Li J., Gao X., Lv H., Guo H., Wang Z., and
Cheng Z. A New Method for Inspection and
Detection of Typical Defects of Protective
Facilities in Existing Railways and Its
Application. Frontiers in Earth Science, July
2024, pp. 1-15.
https://doi.org/10.3389/feart.2024.1416233
[17]Koyama A., Fujimoto T., Suetsugu D., and
Fukubayashi Y. Analysis of Embankment
Failure Mechanism in Reservoirs Due to
Rainfall Infiltration During Heavy Rainfall.
Geomatics Natural Hazards Risk, 13(1) 2022,
pp. 1849-1866.
https://doi.org/10.1080/19475705.2022.210244
0
[18]Pradhan S., Toll D.G., Rosser N.J., and Brain
M.J. An Investigation of the Combined Effect
of Rainfall and Road Cut on Landsliding.
Engineering Geology, 307(January) 2022, p.
106787.
https://doi.org/10.1016/j.engge0.2022.106787
[19] Onyelowe K.C., Ali A., Moghal B., Ahmad F.,
Rehman A.U., and Hanandeh S. Numerical
Model of Debris Flow Susceptibility Using
Slope Stability Failure Machine Learning
Prediction with Metaheuristic Techniques
Trained with Different Algorithms. Scientific
Reports, 2024, pp. 1-27.
https://doi.org/10.1038/s41598-024-70634-w
[20] Misriani M., Hakam A., Joleha, Elianora, Putri
E.P., and Hasian D.K. Developing a Small-
Scale Experimental Method for Evaluating the
Effectiveness of Soil Improvement Using
Prefabricated Vertical Drains. Journal of Civil
Engineering Forum, 11(2) 2025, pp. 155-166.
https://doi.org/10.22146/jcef.13547
[21]Misriani M., Joleha J.,, Elianora E.,
Shalahuddin M., and Novan A. Quantitative
Landslide Risk Assessment for Residential
Slopes in Indrapuri, Pekanbaru, Indonesia: A
Blueprint Sustainable Housing. E3S Web of
Conferences, 2024, p. 14001.
https://doi.org/10.1051/e3sconf/202459314001
[22] Niazi F.S., Pinan-Llamas A.. Cholewa C., and
Amstutz C. Liquid Limit Determination of Low
to Medium Plasticity Indiana Soils by Hard
Base Casagrande Percussion Cup vs. BS Fall-
Cone Methods. Bulletin Engineering Geology
Environment, 79(4) 2020, pp. 2141-2158.
https://doi.org/10.1007/s10064-019-01668-y
[23]ASTM International, ASTM  D4318-17.
Standard Test Methods Liquid Limit Plastic
Limit Plastisitas Index Soils. 2017, pp. 1-10.


https://doi.org/10.21660/2022.92.gxi371
https://doi.org/10.1088/1742-6596/1517/1/012035
https://doi.org/10.1088/1742-6596/1517/1/012035
https://doi.org/10.33448/rsd-v10i10.19300
https://doi.org/10.1155/2022/2150610
https://doi.org/10.1007/s11069-020-04472-0
https://doi.org/10.1007/s11069-020-04472-0
https://doi.org/10.30737/ukarst.v7i2.5031
https://doi.org/10.1186/s40677-020-00158-8
https://doi.org/10.1080/19475705.2022.2102440
https://doi.org/10.1080/19475705.2022.2102440
https://doi.org/10.1016/j.enggeo.2022.106787
https://doi.org/10.1038/s41598-024-70634-w
https://doi.org/10.22146/jcef.13547
https://doi.org/10.1051/e3sconf/202459314001
https://doi.org/10.1007/s10064-019-01668-y

International Journal of GEOMATE, Dec., 2025 Vol.29, Issue 136, pp.20-27

https://doi.org/10.1520/D4318-17E01.1.9
[24]Wang B., and Wang S. Shear Strength Analysis
and Slope Stability Study of Straight Root
Herbaceous Root Soil Composite. Applied
Sciences (Switzerland), 13(12632) 2023, pp. 1-
22. https://doi.org/10.3390/app132312632
[25]Zzhang Z., Qi W., Zhao Z., and Zheng T.
Influence of Loess—Mudstone Strata Structure
on Slope Seismic Stability of Loess Plateau in
China. Applied Sciences (Switzerland), 13(23)
2023, p. 12854.
https://doi.org/10.3390/app132312854
[26]Kim K.S., I Kim M., Lee M.S., and Hwang E.S.
Regression Equations for Estimating Landslide-
Triggering Factors Using Soil Characteristics.

Applied Sciences (Switzerland), 10(10) 2020, p.

3560. https://doi.org/10.3390/app10103560
[27]Hu D., Kato S., and Kim B.S. Evaluation of
Infinite Slope Stability With Various Soils
Under Wet-Dry Cycle. International Journal of
GEOMATE, 26 (115) 2024, pp. 89-99.
https://doi.org/10.21660/2024.115.913306
[28] Mohamed N., Zolkepli M.F., Rashid A.S.A.,
Kassim A., Zaini M.S.1., Shahrin M.1.,; Ishak
M.F., Talib Z.A. Analysis of Residual Soil
Properties on Slope: A Study in Dusun,

Universiti  Teknologi  Malaysia,  Johor.
International Journal of Integrated Engineering,
16 9 2024, Pp. 96-107.

https://doi.org/10.30880/ijie.2024.16.09.007

[29] Salah L.I., and Alhadad K.A.A. Engineering
Assessment of the Soils of Modern Residential
Complexes (Bety, Yarmouk, and Al-Jawhara)
in Tikrit/Salah Al-din/lragq. Iragi Journal of
Science, 63(3) 2022, pp. 1055-1070.
https://doi.org/10.24996/ijs.2022.63.3.15

[30] Agbelele K.J., Houehanou E.C., Ahlinhan M.F.,
Ali AW., and Aristide H.C. Assessment of
Slope Stability by the Fellenius Slice Method:
Analytical and Numerical Approach. World
Journal of Advanced Research and Reviews,
18(2) 2023, pp. 1205-1214.
https://doi.org/10.30574/wjarr.2023.18.2.0874

[31] Agbelele K.J., Adeoti G.O., Agossou D.Y., and
Aisse G.G. Study of Slope Stability Using the
Bishop Slice Method: An Approach Combining
Analytical and Numerical Analyses. Open
Journal Applied Sciences (Switzerland), 13(08)
2023, pp. 1446-1456.
https://doi.org/10.4236/0japps.2023.138115

27

[32] Kusumayudha S.B., Thamrin A., and Purwanto
H.S. Rock Slope Kinematics Analysis by
Markland Method of the Bener District,
Purworejo Regency, Central Java, Indonesia.
International Journal of Advances in Applied
Sciences (IJAAS), 12(2) 2023, pp. 111-120.
https://doi.org/10.11591/ijaas.v12.i2.pp111-
120

[33]Shano L., Raghuvanshi T.K., and Meten M.
Landslide  susceptibility =~ mapping using
frequency ratio model : the case of Landslide
susceptibility mapping using frequency ratio
model : the case of Gamo highland, South
Ethiopia. Arabian Journal of Geosciences,
14(March) 2021, pp. 1-18.
https://10.1007/s12517-021-06995-7

[34] Djelabi S., Karoui H., Frikha W., Dlala M.,
Bouassida M., Ninouh T., and EI May M.
Stability of a Compacted Sand Slope Model
Subject to Crest Load. Applied Sciences
(Switzerland), 13(9) 2023.
https://doi.org/10.3390/app13095562

[35] Munawir A. The Slope Stability of Sand Slope

With Two Rows of Pile Reinforcing.
International Journal of GEOMATE, 24(103)
2023, pp. 52-59.

https://doi.org/10.21660/2023.103.3572

[36] Misriani M., Joleha J., Wanggai C.B., Amsyar
F., Fitria W., Gianda R., and Kurniawan R.F.
Influence of Slope Geometry Variations on
Factor of Safety: Comparative Analysis of
Limit Equilibrium and Finite Element Method.
E3S Web of Conferences, 677(01004) 2025.
https://doi.org/10.1051/e3sconf/202567701004

[37]Batumalai P., Mohd Nazer N.S., Simon N.,
Sulaiman N., Umor M.R., and Ghazali M.A.
Soil Detachment Rate of a Rainfall-Induced
Landslide Soil. Water (Switzerland), 15(12)
2023. https://doi.org/10.3390/w15122149

[38]Agung P.A.M., Hasan M.F.R., Susilo A.,
Ahmad M.A., Ahmad M.J.B., Abdurrahman U.
A., Sudjianto A.T., Suryo E.A. Compilation of
Parameter Control for Mapping the Potential
Landslide Areas. Civil Engineering Journal
(Iran), 9(4) 2023, pp. 974-989.
https://doi.org/10.28991/CEJ-2023-09-04-016

Copyright © Int. J. of GEOMATE All rights reserved,
including making copies, unless permission is obtained
from the copyright proprietors.



https://doi.org/10.1520/D4318-17E01.1.9
https://doi.org/10.3390/app132312632
https://doi.org/10.3390/app132312854
https://doi.org/10.3390/app10103560
https://doi.org/10.21660/2024.115.g13306
https://doi.org/10.30880/ijie.2024.16.09.007
https://doi.org/10.24996/ijs.2022.63.3.15
https://doi.org/10.30574/wjarr.2023.18.2.0874
https://doi.org/10.4236/ojapps.2023.138115
https://doi.org/10.11591/ijaas.v12.i2.pp111-120
https://doi.org/10.11591/ijaas.v12.i2.pp111-120
https://10.0.3.239/s12517-021-06995-7
https://doi.org/10.3390/app13095562
https://doi.org/10.21660/2023.103.3572
https://doi.org/10.3390/w15122149
https://doi.org/10.28991/CEJ-2023-09-04-016

