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Abstract: The main triggering factor for landslides is high rainfall intensity, 
especially during the rainy season. Excessive rainfall can cause an increase 
in water content in the soil, which in turn will reduce the shear strength of 
the soil and increase the volume weight of the soil. The method used is a 
laboratory experiment by taking samples from the field. The sample of this 
study was sandy clay soil taken from a landslide-prone area located in 
Talamau District, West Pasaman Regency. Based on the results of soil 
geotechnical laboratory tests in the landslide-prone zone in Talamau 
District, West Pasaman Regency, it can be concluded that the soil sample has 
moderate plasticity characteristics with a Liquid Limit of 59.39%, Plastic 
Limit of 49.77%, and Plasticity Index of 9.62%. The soil reaches a maximum 
dry density of 1.37 gr/cm³ at an optimum water content of 500 ml, with a 
grain size distribution dominated by the sand fraction (83.978% retained on 
sieve No. 4-20) and a very low fine material content (1.234%). The results of 
the triaxial test showed soil behavior that varied from brittle to strain-
hardening depending on the level of cell stress. Overall, the soil can be 
classified as well-graded sand with good drainage but low cohesion, thus 
requiring additional stabilization for construction applications in landslide-
prone areas. 
 

Keywords: Laboratory study; Landslide prone; West Pasaman 
  

Introduction  
 

Indonesia is an archipelagic country with diverse 
topographic conditions, ranging from lowlands to 
mountains with steep slopes (Centeno, 2024). These 
geographical conditions, combined with a tropical 
climate with high rainfall, make Indonesia one of the 
countries prone to landslides (Heo et al., 2024; Rakuasa 
et al., 2025). The landslide phenomenon not only 
threatens the safety of people's lives and property, but 
also causes significant economic losses and 
infrastructure damage that can hamper regional 
development (Kumar, 2024). 

West Sumatra, as one of the provinces with hilly 
and mountainous topography, faces serious challenges 
related to the threat of landslides (Kausarian et al., 2024). 
West Pasaman Regency, located in the northern part of 
West Sumatra, has geographical characteristics 
dominated by hills with varying slope gradients (Usman 
& Sumantyo, 2022). This condition is exacerbated by 
high tectonic activity due to its position in the Indo-
Australian and Eurasian subduction zones, increasing 
the potential for slope instability in the region 
(Hutchings & Mooney, 2021). 

Talamau District is one of the districts in West 
Pasaman Regency that has a relatively high level of 
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landslide vulnerability (Bari et al., 2023). This area is 
characterized by undulating to hilly topography with 
fairly steep slopes, especially in areas bordering rivers 
(Bian et al., 2025). Local geological conditions dominated 
by sedimentary and volcanic rocks that have undergone 
intensive weathering form residual soil with complex 
and varied geotechnical characteristics (Islam et al., 
2024). 

The main triggering factor for landslides in 
Talamau District is high rainfall intensity, especially 
during the rainy season (Guzzetti et al., 2022). Excessive 
rainfall can cause an increase in water content in the soil, 
which in turn will reduce the shear strength of the soil 
and increase the volume weight of the soil (Das et al., 
2022). These conditions, combined with unstable slope 

geometry, create conditions conducive to landslides 
(McColl, 2022). In addition, human activities such as 
land clearing for agriculture, infrastructure 
development, and mining that do not pay attention to 
slope stability aspects also contribute to increasing the 
risk of landslides (Alcantara-Ayala, 2025). 

A deep understanding of the geotechnical 
characteristics of soil is the main key in efforts to 

mitigate landslide disaster risks (Bilal et al., 2025). 
Geotechnical characteristics of soil include various 
parameters such as physical properties, mechanical 
properties, and soil behavior to changes in 
environmental conditions (Momeni et al., 2022). These 
parameters include grain size distribution, Atterberg 
limits, specific gravity, water content, shear strength, 
compressibility, and soil permeability. Each parameter 
has an important role in determining slope stability and 
the potential for landslides (Woldesenbet et al., 2023). 

Laboratory studies are the most accurate and 
reliable method for determining the geotechnical 
characteristics of soil (Jastrzębska, 2021). Through a 
series of standard and calibrated laboratory tests, precise 
and reliable geotechnical parameter data can be 
obtained for slope stability analysis (Innocenti et al., 
2023). Laboratory tests relevant to this study include soil 
physical properties tests such as sieve analysis, liquid 
limit and plastic limit tests, specific gravity tests, and soil 
mechanical properties tests such as direct shear strength 
tests, triaxial tests, and permeability tests (Afolagboye et 
al., 2021). 

Previous studies conducted in various landslide-
prone areas in Indonesia have shown that the 
geotechnical characteristics of soil have high variability, 
even in a relatively small location (Nguyen et al., 2023). 
This variability is influenced by factors such as the type 
of parent rock, weathering level, drainage conditions, 

and loading history. Therefore, studies of the 
geotechnical characteristics of soil need to be carried out 
specifically for each location, taking into account local 
geological and environmental conditions (Daud et al., 
2025). 

The results of laboratory studies of soil geotechnical 
characteristics can be used as a basis for various practical 
applications in landslide risk mitigation (Pasierb et al., 
2019). The geotechnical parameter data obtained can be 
used for slope stability analysis, design of retaining 
structures, drainage systems, and safe spatial planning. 
In addition, understanding the geotechnical 
characteristics of soil is also important for the 
development of an effective and accurate landslide early 
warning system (Lin et al., 2025). 

Given the high risk of landslides in Talamau 
District and the absence of a comprehensive study on the 
geotechnical characteristics of the soil in the area, this 
study is very important to conduct. This study is 
expected to provide a significant contribution to efforts 
to mitigate the risk of landslides through a better 
understanding of the geotechnical characteristics of the 
soil in landslide-prone zones. The results of this study 

can also be a reference for local governments in planning 
sustainable and safe development from the risk of 
landslides (Muhiddin et al., 2021). 

This study will focus on the geotechnical 
characterization of soil through a comprehensive series 
of laboratory tests, with the goal of obtaining an accurate 
and reliable geotechnical parameter database. The 
obtained data will be statistically analyzed to 
understand the variability and distribution of 
geotechnical parameters, as well as the relationships 
between parameters that can affect slope stability. This 
research is crucial, and its results are expected to provide 
practical recommendations for landslide risk mitigation 
and serve as a basis for further research in the field of 
geotechnics and disaster mitigation. 
 

Method 
 
This study employed a laboratory experiment, 

taking samples from the field. The samples consisted of 
sandy loam soil taken from a landslide-prone area in 
Talamau District, West Pasaman Regency, and their soil 
properties were tested in the laboratory. Laboratory 
testing was conducted at the Civil Engineering 
Geotechnical Laboratory, Universitas Andalas and the 
Padang Institute of Technology. The specific gravity of 
the samples in this study can be seen in Table 1.
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Table 1. Specific Gravity of Sample 
Pycnometer Number 1 2 

Weight of empty pycnometer W1 = 30.87 30.9 
Weight of pycnometer + dry soil W2 = 40.87 40.9 
Weight of bare soil Wt = 10 10 
Weight of pycnometer+water+soil at temperature 20o W3 = 132.59 132.17 
Temperature t oC  = 28 
Weight of pycnometer + water at temperature 20o W4 = 126.45 125.75 
W5 = Wt + W4  = 136.45 135.75 
Fill the land W5-W3 = 3.86 3.58 
Specific gravity Gs = Wt/ (W5-W3)  = 2.59 2.79 
Average specific gravity  = 2.69 

Results and Discussion 
 
Atterberg Test 

The Atterberg test is a laboratory test to determine 
the consistency limits of fine-grained soil, especially clay 
and silt, which consists of liquid limit, plastic limit, and 
shrinkage limit tests. This test is important for 
classifying soil and understanding its mechanical 
properties under various water content conditions 
(O'Kelly, 2021). 

The liquid limit test steps begin with preparing a 
soil sample that passes sieve No. 40, then mixing it with 
distilled water until it has a paste-like consistency. The 
sample is placed in a Casagrande bowl and leveled, then 
a groove is made in the middle using a groove maker. 
The bowl is tapped at a speed of 2 taps per second until 
the groove is closed by 13 mm, and the number of taps 

and water content are recorded. This process is repeated 
with variations in water content to obtain a flow curve 
and determine the liquid limit up to 35 taps. 

For the plastic limit test, a soil sample with a water 
content close to the plastic limit is formed into a small 
ball, then rolled on a glass plate to form a rod with a 
diameter of 3 mm. The rolling process is repeated until 
the rod begins to crack or break, which indicates the 
plastic limit has been reached. The water content at this 
condition is recorded as the plastic limit. The plasticity 
index is then calculated by subtracting the plastic limit 
from the liquid limit, which provides information about 
the water content range over which the soil is plastic and 
can be used for soil classification and geotechnical 
planning. The Atterberg test results can be seen in table 
2. 

 

Table 2. Atterberg Test 
Types of Examination Liquid Limit Plastic Limit 

Many Punches 35 28 23 11   

Cup Number AR1 AR2 AR3 AR4 A L 

Weight of cup + wet soil  grams = 11 12.65 13.03 16.06 8.44 8.3 
Weight of cup + dry soil  grams = 9.51 10.3 10.6 11.58 6.74 6.7 
Water weight (1-2) grams = 1.49 2.35 2.43 4.48 1.69 1.6 
Cup weight  grams = 6.42 6.06 6.91 6.01 3.41 3.42 
Dry soil weight (2-4) grams = 3.09 4.24 3.69 5.57 3.33 3.28 
Water content (3:5)x100%  48.22 55.85 65.85 80.43 50.75 48.78 
Average (%)              =  49.77 

Information : Liquid Limit (LL) = Liquid limit graph equation; LL = y = -27.29 ln(x) + 147.23; LL = 59.39 %; PL = 49.77 %; Pl = LL 
– PL = 9.62 %; SL = 28.78 % 
 

 
Figure 1. Liquid limit graph 

Based on the Atterberg Test data presented, the 
results of the study indicate the characteristics of soil 
plasticity that can be categorized as soil with moderate 
plasticity. The Liquid Limit (LL) value of 59.39% 
indicates that the soil requires a fairly high water content 
to reach a liquid state, while the Plastic Limit (PL) of 
49.77% indicates the lower limit where the soil can still 
be formed without cracking. The relatively small 
difference between these two values results in a 
Plasticity Index (PI) of 9.62%, indicating a limited range 
of soil plasticity. The concept of Atterberg limits first 
introduced by Albert Atterberg in 1911 has become a 
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standard in the characterization of fine-grained soils, 
and the results of this study are consistent with the basic 
principles that have been established in the geotechnical 
literature (Ouyang & Mayne, 2023). 

Further analysis of the water content data at various 
blow rates showed a correlation consistent with the 
principle of the liquid limit test. At 35 blows, the water 
content was recorded at 48.22%, then increased 
gradually to 80.43% at 11 blows. This pattern is in 
accordance with the theory put forward by Casagrande 
that the fewer blows required to close the groove, the 
higher the water content of the soil. The graph equation 
y = -27.29 ln(x) + 147.23 shows a good logarithmic 
relationship between the number of blows and the water 
content, confirming the validity of the test results. 

Previous studies by various geotechnical experts have 
shown that this logarithmic relationship is a common 
characteristic in liquid limit testing, reflecting the 
rheological properties of clay soils (Carriere et al., 2018). 

Based on the USCS (Unified Soil Classification 
System) classification, soil with a PI between 4-7% is 
categorized as low plasticity soil, while a PI of 7-17% 
indicates moderate plasticity. With a PI of 9.62%, this soil 

sample is included in the moderate plasticity category, 
indicating that the soil has a moderate ability to deform 
without losing cohesion. The Shrinkage Limit (SL) value 
of 28.78% indicates that the soil will experience 
significant volume shrinkage when the water content 
decreases below that value. A study conducted by 
Onyelowe et al. (2022) showed that soils with similar 
characteristics generally have predictable behavior in 
engineering applications, although they require special 
attention to changes in moisture conditions. 

Soil with moderate plasticity characteristics 
requires special attention in construction design. 
Research conducted by Ahmad et al. (2024) showed that 
soil with PI in the range of 7-17% is generally suitable for 
light to medium construction, but requires a good 
drainage system to prevent volumetric stability 

problems. The Atterberg limits values obtained also 
indicate that this soil has a moderate clay mineral 
content, which is in accordance with the findings of Niu 
et al. (2024) on the relationship between soil mineralogy 
and plasticity properties. Soil with similar characteristics 
can be used as construction materials with appropriate 
treatment, such as chemical or mechanical stabilization 
to improve long-term performance. 
 
Compaction 

Soil compaction is the process of adding energy to 
the soil to reduce the volume of air pores, thereby 
increasing the density and strength of the soil. Water 
content testing is a fundamental step in compaction 
because the optimum water content greatly affects the 
effectiveness of compaction. Water content testing is 
carried out using the oven method, where wet soil 
samples are weighed, then dried in an oven at a 
temperature of 105-110 ° C for 24 hours or until constant 
weight, then reweighed to calculate the percentage of 
water content to the dry weight of the soil (Frene et al., 
2024). 

Compaction checks are carried out to determine the 
relationship between water content and dry density of 
soil at certain compaction energies. The testing 
procedure includes preparing soil samples with varying 
water content, then each sample is compacted in a 
cylindrical mold with three or five layers using a pestle 
with a predetermined weight and drop height. The test 
results are in the form of a relationship curve between 
water content and dry density which shows the 
optimum water content and maximum dry density. 
Optimum water content is the water content at which 
the soil reaches maximum dry density with a certain 
compaction energy, while maximum dry density is the 
highest density value that can be achieved at that 
optimum water content (Shimobe et al., 2021). The 
compaction results can be seen in tables 3 and 4 below. 

 
Table 3. Water Content Check 
Sample Number 1 2 3 4 5 6 
Cup Number A B RA1 RA2 RA3 RA4 AR1 AR2 AR3 AR4 D1 D2 
Amount of water ml 200 300 400 500 600 700 

Weight of cup + wet 
soil 

gr 33.72 32.55 29.68 33.12 30.69 22.42 25.35 29.18 34.14 34.24 21.53 21.67 

Cup weight 
+dry land 

gr 30.29 29.2 25.85 28.79 25.95 19.09 21.02 23.51 26.99 26.63 17.05 16.94 

Water weight gr 3.43 3.35 3.83 4.33 4.74 3.33 4.33 5.67 7.15 7.61 4.48 4.73 
Cup weight gr 5.33 5.42 6.22 6.98 6.66 6.09 6.44 6.07 6.93 6.81 5.91 5.39 
Dry soil weight gr 24.96 23.78 19.63 21.81 19.29 13 14.58 17.44 20.06 19.82 11.55 11.55 
Water content % 13.74 14.09 19.51 19.85 24.57 25.62 29.70 3.51 35.64 38.40 40.22 40.95 
Average water content % 13.91 19.68 25.09 31.10 37.02 40.58 
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Table 4. Density Check 
Mold weight gr 3380 3380 3380 3380 3380 3380 
Weight of mold + wet soil gr 4740 4805 4905 5010 5075 5040 
Wet soil weight gr 1360 1425 1525 1630 1695 1660 

Wet volume weight (ˠb) gr/cm3 1.49 1.56 1.67 1.79 1.86 1.82 

Dry volume weight (ˠd) gr/cm3 1.31 1.31 1.34 1.37 1.36 1.30 

Optimum Water Content = Highest value of dry density (ˠd) 
 = 1.37 gr/cm3 

= 500 ml (seen from the water content used at the highest value ˠd) 

 
Figure 2. Compaction graph 

 
The results of the water content test showed 

significant variations along with the addition of water 
volume from 200 ml to 700 ml. The average water 
content increased gradually from 13.91% at 200 ml of 
water addition to 40.58% at 700 ml of water addition. 
This increasing pattern shows a consistent relationship 
between the volume of water added and the resulting 
water content in the soil sample. The variation in water 

content between samples at each level of water addition 
was relatively small, indicating consistency in the testing 
procedure and the homogeneity of the soil samples 
used. 

The density data shows that the wet unit weight 
(γb) increases with the addition of water, starting from 
1.49 gr/cm³ to a peak of 1.86 gr/cm³ at 600 ml of water 
addition, then decreasing to 1.82 gr/cm³ at 700 ml. This 
pattern indicates that the addition of water initially 
helps compaction by lubricating the soil particles, but 
after reaching the optimum point, the excess water 
actually reduces the density because it fills the space that 
should be occupied by solid soil particles. This 
phenomenon is a normal characteristic in laboratory soil 
compaction testing. 

The test results showed that the maximum dry 
density (γd) was achieved at a value of 1.37 gr/cm³ with 
an optimum water content of around 500 ml. Although 
there were small fluctuations in the dry density values 
at various levels of water content (ranging from 1.30-1.37 
gr/cm³), the highest value of 1.37 gr/cm³ was obtained 
at optimum water content conditions. This condition 

indicates the ideal balance point between sufficient 
water content to facilitate compaction and not excessive 
so as to reduce the effective density of the soil 
(Brempong et al., 2023). 

These findings have important implications in 
practical applications of construction and geotechnical 
engineering. The maximum dry density of 1.37 gr/cm³ 
with an optimum water content of 500 ml provides a 
guideline for achieving optimal soil compaction in the 
field. The compaction curve formed shows a classic 
relationship between water content and density, where 
increasing water content from dry conditions will 
increase density to a peak, then decrease if the water 
content is excessive. These data can be used as a 
reference to determine the appropriate compaction 
procedure in construction projects to ensure optimal soil 
stability and bearing capacity (Vitali et al., 2022). 

 
Sieve Analysis 

Sieve analysis or sieve analysis is a laboratory test 
method to determine the particle size distribution of soil 
based on the percentage of grains by weight that pass 
through a series of sieves with different hole sizes 
(Svensson et al., 2022). This test is an important part of 
soil classification and is used for coarse-grained soils 
such as gravel and sand. Sieve analysis provides 
information about soil gradation which is very useful in 
determining engineering soil properties such as 
permeability, shear strength, and compressibility (Sohel 
et al., 2024). 

The sieve analysis procedure begins with preparing 
a representative dry soil sample, then weighing the total 
weight of the sample. The sample is placed on a sieve 
stack arranged sequentially from the largest hole at the 
top to the smallest at the bottom, with a collection pan at 
the bottom. The sieve stack is then shaken mechanically 
or manually for a certain time (usually 10-15 minutes) 
until no more particles pass through. After sieving is 
complete, the material retained on each sieve is weighed 
and recorded. The results of the sieve analysis are 
presented in the form of a grain size distribution curve 
that describes the relationship between grain size and 
the percentage of weight that passes through. The results 
of the sieve analysis can be seen in table 5. 
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Table 5. Sieve Analysis 
Filter number Filter hole 

diameter 
Weight of soil 

sieved 
% by weight of 

filtered soil 
% cumulative 
ground sieve 

% of soil passing 
through the sieve 

1 2 3 4 5 6 
   [(3)/W] x 100  100 – (5) 
4 4.75 0 0 0 100 
10 2 265.85 53.17 53.17 46.83 
20 0.85 154.04 30,808 83,978 16,022 
40 0.425 41.35 8.27 92.248 7,752 
60 0.25 15.4 3.08 95,328 4,672 
140 0.106 10.2 2.04 97,368 2,632 
200 0.075 6.99 1,398 98,766 1.234 
PAN - 4.52    
Total weight W1 498.35    

 

 
Figure 3. Sieve analysis 

 
The results of the sieve analysis showed that the soil 

samples had a fairly diverse grain size distribution with 
a dominance of medium sizes. Of the total sample 
weight of 498.35 grams, the highest percentage was 
retained on sieve No. 10 (2 mm diameter) at 53.17%, 
followed by sieve No. 20 (0.85 mm diameter) at 30.808%. 
This distribution indicates that most of the soil particles 
are between 0.85-2 mm in size, which is included in the 
coarse to medium sand category. The distribution 
pattern that decreases gradually from large to small 
grain sizes indicates relatively good gradation, although 
there is dominance in certain fractions. Sieve analysis 
determines the particle size distribution of a given soil 
sample and thus helps in easy identification of the 
mechanical properties of the soil, which supports the 
finding that grain distribution characteristics play an 
important role in determining the engineering 
properties of the material (Polakowski et al., 2021). 

Based on the cumulative percentage passing the 
sieve, it can be identified that 46.83% of the material 
passed the No. 10 sieve, 16.022% passed the No. 20 sieve, 
and only 1.234% passed the No. 200 sieve. This data 
shows that the fine material (which passed the No. 200 
sieve) is very little, which is less than 2%, which classifies 
this soil as a coarse-grained soil with a very low fines 
content. Soil gradation is an important aspect of soil 
mechanics and geotechnical engineering because it is an 

indicator of other engineering properties such as 
compressibility, shear strength, and hydraulic 
conductivity. This characteristic indicates that the soil 
has relatively high permeability and good drainage, but 
may have low cohesion due to the minimal content of 
fine particles such as clay and silt (Shimobe & Spagnoli, 
2022). 

Based on the obtained grain size distribution, the 
soil can be classified as well-graded sand according to 
the soil classification system. Well-graded sand (SW) 
consists of fine, medium, and coarse grains of sand, 
which is in accordance with the findings of this study 
where the material is distributed in a variety of size 
ranges (Chen et al., 2022). With a dominance of particles 
measuring 0.85-4.75 mm (83.978% retained on the sieve 
range Number 4 to Number 20) and a very low fines 
content (1.234%), this soil has technical characteristics 
suitable for construction applications that require good 
drainage such as pavement base layers or filter 
materials. Good soils are well-graded dense gravel, 
gravelly sand, silty gravel, excess compacted clay, and 
rocks, which support the potential application of this 
material in construction (Wazoh & Mallo, 2021). 

Previous studies have shown that soil gradation has 
a significant effect on the mechanical properties of the 
material. Test results show that higher shear strength is 
obtained for gap-graded (GG) soil compared to well-
graded (WG) and uniformly graded (UG), although in 
the context of general construction applications, well-
graded sand remains the preferred choice due to its 
stability. For applications requiring high stability or high 
bearing capacity, additional stabilization or blending 
with a binder may be required due to the lack of fine 
particles that act as natural binders between grains. 
Fines become significant to the engineering properties 
and characteristics of the soil when they are contained at 
least 5% by weight, while the sample in this study only 
contained 1.234% fines, thus requiring special attention 
in applications requiring high cohesion (Pande et al., 
2020). 
 



Jurnal Penelitian Pendidikan IPA (JPPIPA) August 2025, Volume 11, Issue 8, 298-308  
 

304 

Triaxial Testing 

Triaxial testing is one of the most important 
geotechnical testing methods to determine soil shear 
strength parameters, namely cohesion (c) and internal 
friction angle (φ) (Ghoreishi et al., 2021). This test is 
carried out using a triaxial device consisting of a triaxial 
cell filled with water or pressurized air, where a 

cylindrical soil sample is placed in a rubber membrane 
and given cell pressure (confining pressure) from all 
directions. The main advantage of the triaxial test is its 
ability to control drainage conditions and measure stress 
and strain accurately, so that it can simulate stress 
conditions that occur in the field (Xie et al., 2020). 

The triaxial testing procedure begins with the 
preparation of cylindrical soil samples with a height to 
diameter ratio of 2:1, then the samples are wrapped with 
rubber membranes and placed in triaxial cells. The cell 
pressure is applied gradually while measuring the 
vertical and horizontal deformation of the sample. Axial 
loading is applied until the sample fails or reaches a 
certain strain. The test results are in the form of stress-
strain curves and Mohr circles which are used to 
determine the failure envelope and soil shear strength 
parameters. This data is very important for slope 
stability analysis, foundation bearing capacity, and other 
geotechnical structure designs. The triaxial test results 
can be seen in table 6 and Mohr Circle Diagrams in table 
7. 

 

Table 6. Triaxial Test Data 
∑ (%) Reading Dial Proving Ring 

Voltage 0.5 Tension 1 Voltage 1.5 

0 0 0 0 0 
0.1 7.15 6 3 6 
0.2 14.3 10 7 8 
0.3 21.45 12 9 10 
0.4 28.6 14 10 12 
0.5 35.75 16 11 14 
1 71.5 25 19 23 
1.5 107.25 32 24 30 
2.5 178.75 41 31 40 
3 214.5 44 35 45 
4 286 49 41 51 
5 357.5 52 45 57 
6 429 54 48 61 
7 500.5 54 50 64 
8 572 48 51 67 
9 643.5 - 49 68 
10 715 - - 64 
12 858 - - - 
14 1001 - - - 
16 1144 - - - 
18 1287 - - - 
20 1430 - - - 

 
 
 

Table 7. Mohr Circle Diagrams 
Mohr Circle Diagrams Corner 

0.5 1 1.5 

x y x y x y 
0.5000 0.0000 1.0000 0.0000 1.5000 0.0000 0 
0.5600 0.6863 1.0615 0.7035 1.6012 1.1568 10 
0.7383 1.3517 1.2443 1.3855 1.9017 2.2784 20 
1.0295 1.9760 1.5427 2.0255 2.3925 3.3308 30 
1.4246 2.5403 1.9478 2.6040 3.0585 4.2820 40 
1.9117 3.0274 2.4471 3.1033 3.8796 5.1031 50 
2.4760 3.4225 3.0255 3.5083 4.8308 5.7692 60 
3.1003 3.7137 3.6655 3.8067 5.8832 6.2599 70 
3.7657 3.8919 4.3476 3.9895 7.0049 6.5605 80 
4.4520 3.9520 5.0510 4.0510 8.1617 6.6617 90 
5.1382 3.8919 5.7545 3.9895 9.3184 6.5605 100 
5.8036 3.7137 6.4366 3.8067 10.4401 6.2599 110 
6.4280 3.4225 7.0766 3.5083 11.4925 5.7692 120 
6.9923 3.0274 7.6550 3.1033 12.4437 5.1031 130 
7.4794 2.5403 8.1543 2.6040 13.2648 4.2820 140 
7.8745 1.9760 8.5593 2.0255 13.9308 3.3308 150 
8.1656 1.3517 8.8578 1.3855 14.4216 2.2784 160 
8.3439 0.6863 9.0405 0.7035 14.7221 1.1568 170 
8.4040 0.0000 9.1021 0.0000 14.8233 0.0000 180 

 
The triaxial tests performed demonstrate the 

application of a well-established methodology standard 
in geotechnics to determine soil shear strength 
parameters. Triaxial shear testing is the most versatile of 
all methods for testing soil shear strength and finding 
cohesion (c) and angle of internal friction (φ) (Yin et al., 
2022). The test data show three different cell stress levels 
(0.5; 1.0; and 1.5 kg/cm²) with dial and proving ring 
readings reflecting the soil response to gradually 
increasing axial loads. A typical triaxial test involves 
confining a sealed cylindrical soil specimen, with a 
height-to-diameter ratio of 2:1, into a pressure cell to 
simulate defined stress conditions. This methodology 
allows a comprehensive evaluation of the mechanical 
properties of the soil under controlled conditions. 

Based on the data obtained, the stress-strain 
response pattern shows characteristics that are 
consistent with the theory of soil mechanics. At a cell 
stress of 0.5 kg/cm², the sample reaches a maximum 
value of proving ring 54 at a strain of 6-7%, then 
decreases to 48 at a strain of 8%. For a cell stress of 1.0 
kg/cm², the peak strength is reached at proving ring 51 
at a strain of 8%, while at a cell stress of 1.5 kg/cm², the 
response continues to increase to proving ring 68 at a 
strain of 9%. The purpose of these procedures is to 
measure the triaxial shear strength of soil specimens 
subjected to different drainage conditions in the field. 
This pattern indicates that the soil exhibits strain-
softening behavior at low cell stress and strain-
hardening at high cell stress. 

The Mohr circle diagram data shows a systematic 
stress distribution for each cell stress level. The marked 
values (4.4520; 3.9520) for stress 0.5 and (5.0510; 4.0510) 
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for stress 1.0 probably represent the failure conditions or 
maximum points in the analysis. The angle α of the 
considered plane appears as the angle 2 α in the Mohr 
circle. From the Mohr-Coulomb theory, we can conclude 
two key things: the Mohr circle represents the stress state 
in the soil at a point, while the Mohr envelope represents 
the shear strength of the soil. The x and y coordinates in 
the table represent the normal and shear stresses which 
vary with the angle of the failure plane from 0° to 180°. 
 

 
Figure 4. Strain – stress relationship graph 

 

 
Figure 5. Visual mohr circle diagrams 

 

 
Figure 6. Linear regression graph 

 
Previous studies have confirmed that from triaxial 

test data, it is possible to extract fundamental material 
parameters about the sample, including the angle of 
shear resistance, apparent cohesion, and dilatancy angle 
(Gong et al., 2020). The results of this test are in line with 
the principles established in the geotechnical literature. 

Mohr's circle is used to calculate the angle of soil internal 
friction and soil shear strength (Rasti et al., 2021). Shear 
strength is a measure of the resistance of the soil to shift 
or shear along its plane, where soil with higher shear 
strength has stronger cohesion between particles. The 
data obtained allows the determination of the 
parameters c and φ which are essential for stability 
analysis and geotechnical design (Doan et al., 2023). 

Comparison of soil response at three cell stress 
levels shows behavior consistent with consolidation and 
shear strength theory. At a cell stress of 0.5 kg/cm², the 
soil exhibits brittle behavior with a decrease in strength 
after reaching a peak. At a cell stress of 1.0 kg/cm², the 
behavior becomes more ductile with a longer plateau. 
While at a cell stress of 1.5 kg/cm², the soil exhibits 

continuous strain-hardening behavior. Mohr's circle is 
used to determine which principal stresses will produce 
this combination of shear and normal stresses, and the 
plane angle at which this will occur. These variations in 
behavior reflect the influence of effective stress on soil 
failure mechanisms, which is very important for 
practical applications in foundation design and slope 
stability analysis (Chanyshev, 2023). 

The results of this triaxial test provide a strong basis 
for geotechnical design parameters. Triaxial shear test is 
the most versatile of all shear test methods to obtain soil 
shear strength i.e. Cohesion (C) and Internal Friction 
Angle (Ø). The data obtained can be used to determine 
soil bearing capacity, slope stability, and retaining 
structure design. The different behavior patterns at each 
cell stress level indicate the importance of considering 
in-situ stress conditions in the analysis. The shear 
strength parameters obtained from this test should be 
validated with field conditions and used in numerical 
analysis for prediction of soil behavior on a larger scale 
(Patil & Pusadkar, 2022). 
 

Conclusion  

 
Based on the results of soil geotechnical laboratory 

tests in landslide-prone zones in Talamau District, West 
Pasaman Regency, it can be concluded that the soil 
sample has moderate plasticity characteristics with a 
Liquid Limit of 59.39%, Plastic Limit of 49.77%, and 
Plasticity Index of 9.62%. The soil reaches a maximum 
dry density of 1.37 gr/cm³ at an optimum water content 
of 500 ml, with a grain size distribution dominated by 
the sand fraction (83.978% retained on sieve No. 4-20) 
and a very low fine material content (1.23%). The triaxial 
test results show soil behavior that varies from brittle to 
strain-hardening depending on the level of cell stress. 
Overall, the soil can be classified as well-graded sand 
with good drainage but low cohesion, thus requiring 
additional stabilization for construction applications in 
landslide-prone areas. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) August 2025, Volume 11, Issue 8, 298-308  
 

306 

Acknowledgements  

Based on the results of soil geotechnical laboratory tests in 
landslide-prone zones in Talamau District, West Pasaman 
Regency, it can be concluded that the soil sample has moderate 
plasticity characteristics with a Liquid Limit of 59.39%, Plastic 
Limit of 49.77%, and Plasticity Index of 9.62%. The soil reaches 
a maximum dry density of 1.37 gr/cm³ at an optimum water 
content of 500 ml, with a grain size distribution dominated by 
the sand fraction (83.978% retained on sieve No. 4-20) and a 
very low fine material content (1.234%). The triaxial test results 
show soil behavior that varies from brittle to strain-hardening 
depending on the level of cell stress. Overall, the soil can be 
classified as well-graded sand with good drainage but low 
cohesion, thus requiring additional stabilization for 
construction applications in landslide-prone areas. 
 
Author Contributions 
N: preparation of original draft, results, discussion, 
methodology, conclusion; F, A. H, B. I, A. S and A: analysis, 
review, proofreading and editing. 
 
Funding 

This research received PDD Grant funding from Andalas 
University in the 2024 fiscal year (Contract Number: 
28/UN16.19/PT.01.03/PDD/2024, Date: July 17, 2024). 
 
Conflict of Interest 

The authors declare that there is no conflict of interest 
regarding the publication of this paper. 
 

References  
 
Afolagboye, L. O., Abdu-Raheem, Y. A., Ajayi, D. E., & 

Talabi, A. O. (2021). A comparison between the 
consistency limits of lateritic soil fractions passing 
through sieve numbers 40 and 200. Innovative 

Infrastructure Solutions, 6(2), 97. 
https://doi.org/10.1007/s41062-020-00427-3 

Ahmad, S., Shah Alam Ghazi, M., Syed, M., & Al-Osta, 
M. A. (2024). Utilization of fly ash with and 
without secondary additives for stabilizing 
expansive soils: A review. Results in Engineering, 
22, 102079. 
https://doi.org/10.1016/j.rineng.2024.102079 

Alcántara-Ayala, I. (2025). Landslides in a changing 
world. Landslides, 22(9), 2851–2865. 
https://doi.org/10.1007/s10346-024-02451-1 

Bari, F., Istijono, B., Yuhendra, R., Hakam, A., Noer, M., 
& Ophiyandri, T. (2023). Potential debris flow after 
earthquake in Mount Talamau Pasaman district 
and West Pasaman district. IOP Conference Series: 

Earth and Environmental Science, 1173(1), 012069. 
https://doi.org/10.1088/1755-
1315/1173/1/012069 

Bian, M., Qiu, H., & Chen, X. (2025). The Distribution 
Characteristics of Large Landslides Along the 
Daduhe River in the Eastern Tibetan Plateau and 
Their Effects on Landscape Evolution. Remote 

Sensing, 17(7), 1133. 
https://doi.org/10.3390/rs17071133 

Bilal, M., Xing, A., & Hazarika, H. (2025). The Chinese 
loess plateau, earthquakes, and flowslides: the 
need to enhance geotechnical disaster resilience. 
Landslides, 22(2), 591–596. 
https://doi.org/10.1007/s10346-024-02430-6 

Brempong, M. B., Amankwaa-Yeboah, P., Yeboah, S., 
Owusu Danquah, E., Agyeman, K., Keteku, A. K., 
Addo-Danso, A., & Adomako, J. (2023). Soil and 
water conservation measures to adapt cropping 
systems to climate change facilitated water stresses 
in Africa. Frontiers in Sustainable Food Systems, 6, 
1091665. 
https://doi.org/10.3389/fsufs.2022.1091665 

Carrière, S. R., Jongmans, D., Chambon, G., Bièvre, G., 
Lanson, B., Bertello, L., Berti, M., Jaboyedoff, M., 
Malet, J.-P., & Chambers, J. E. (2018). Rheological 
properties of clayey soils originating from flow-
like landslides. Landslides, 15(8), 1615–1630. 
https://doi.org/10.1007/s10346-018-0972-6 

Centeno, D. D. (2024). Socio-Spatial Analysis of 
Indigenous Cultural Tourism Sites: A Comparative 

Study of Kampoeng Wisata Cinangneng, Bogor, 
Indonesia and Tam-Awan Village, Baguio City, 
Philippines. IOP Conference Series: Earth and 
Environmental Science, 1384(1), 012023. 
https://doi.org/10.1088/1755-
1315/1384/1/012023 

Chanyshev, A. (2023). A way to determine the positive 
direction of the shear force on the elemental area. 
Geohazard Mechanics, 1(2), 179–184. 
https://doi.org/10.1016/j.ghm.2023.04.004 

Chen, J.-N., Ren, X., Xu, H., Zhang, C., & Xia, L. (2022). 
Effects of Grain Size and Moisture Content on the 
Strength of Geogrid-Reinforced Sand in Direct 
Shear Mode. International Journal of Geomechanics, 
22(4), 4022006. 
https://doi.org/10.1061/(ASCE)GM.1943-
5622.0002309 

Das, T., Rao, V. D., & Choudhury, D. (2022). Numerical 
investigation of the stability of landslide-affected 
slopes in Kerala, India, under extreme rainfall 
event. Natural Hazards, 114(1), 751–785. 
https://doi.org/10.1007/s11069-022-05411-x 

Daud, A. Y., Syafri, S., & Jaya, B. (2025). Analisis Mitigasi 
Bencana Tanah Longsor Di Kecamatan Kalukku 
Kabupaten Mamuju. Urban and Regional Studies 
Journal, 7(2), 190–203. 
https://doi.org/10.35965/ursj.v7i2.6043 

Doan, T., Indraratna, B., Nguyen, T. T., & 
Rujikiatkamjorn, C. (2023). Interactive Role of 
Rolling Friction and Cohesion on the Angle of 
Repose through a Microscale Assessment. 
International Journal of Geomechanics, 23(1), 4022250. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) August 2025, Volume 11, Issue 8, 298-308  
 

307 

https://doi.org/10.1061/(ASCE)GM.1943-
5622.0002632 

Frene, J. P., Pandey, B. K., & Castrillo, G. (2024). Under 
pressure: elucidating soil compaction and its effect 
on soil functions. Plant and Soil, 502(1), 267–278. 
https://doi.org/10.1007/s11104-024-06573-2 

Ghoreishi, B., Khaleghi Esfahani, M., Alizadeh Lushabi, 
N., Amini, O., Aghamolaie, I., Hashim, N. A. A. N., 
& Alizadeh, S. M. S. (2021). Assessment of 
Geotechnical Properties and Determination of 
Shear Strength Parameters. Geotechnical and 
Geological Engineering, 39(1), 461–478. 
https://doi.org/10.1007/s10706-020-01504-1 

Gong, F., Luo, S., Lin, G., & Li, X. (2020). Evaluation of 
Shear Strength Parameters of Rocks by Preset 

Angle Shear, Direct Shear and Triaxial 
Compression Tests. Rock Mechanics and Rock 
Engineering, 53(5), 2505–2519. 
https://doi.org/10.1007/s00603-020-02050-1 

Guzzetti, F., Gariano, S. L., Peruccacci, S., Brunetti, M. T., 
& Melillo, M. (2022). Rainfall and landslide 
initiation. In Rainfall (pp. 427–450). Elsevier. 
https://doi.org/10.1016/B978-0-12-822544-

8.00012-3 
Heo, S., Sohn, W., Park, S., & Lee, D. K. (2024). Multi-

hazard assessment for flood and Landslide risk in 
Kalimantan and Sumatra: Implications for 
Nusantara, Indonesia’s new capital. Heliyon, 
10(18), e37789. 
https://doi.org/10.1016/j.heliyon.2024.e37789 

Hutchings, S. J., & Mooney, W. D. (2021). The Seismicity 
of Indonesia and Tectonic Implications. 
Geochemistry, Geophysics, Geosystems, 22(9), 2021 
009812. https://doi.org/10.1029/2021GC009812 

Innocenti, A., Rosi, A., Tofani, V., Pazzi, V., Gargini, E., 
Masi, E. B., Segoni, S., Bertolo, D., Paganone, M., & 
Casagli, N. (2023). Geophysical Surveys for 
Geotechnical Model Reconstruction and Slope 
Stability Modelling. Remote Sensing, 15(8), 2159. 
https://doi.org/10.3390/rs15082159 

Islam, I., Ahmed, W., Rizwan, M., Ullah, S., Orakzai, A. 
U., & Petrounias, P. (2024). Investigating the role of 
geochemistry and geotechnical properties in 
landslide characterization and triggering 
mechanisms: A case study from Dir Upper, Khyber 
Pakhtunkhwa Pakistan. Physics and Chemistry of the 
Earth, Parts A/B/C, 135, 103636. 
https://doi.org/10.1016/j.pce.2024.103636 

Jastrzębska, M. (2021). Modern Displacement Measuring 
Systems Used in Geotechnical Laboratories: 
Advantages and Disadvantages. Sensors, 21(12), 
4139. https://doi.org/10.3390/s21124139 

Kausarian, H., Illahi, R. R., Suryadi, A., Sumantyo, J. T. 
S., & Batara. (2024). Soil Movement Vulnerability 
Zones Determination Based on RS/GIS Analysis 

and Geological Mapping in Koto Tinggi Area, 
Lima Puluh Kota, West Sumatra. IGARSS 2024 - 
2024 IEEE International Geoscience and Remote 
Sensing Symposium, 4864–4867. 
https://doi.org/10.1109/IGARSS53475.2024.1064
2317 

Kumar, P. (2024). Social and Economic Impact in the 

Landslide Prone Zones and Related Policies. In 
Landslides in the Himalayan Region: Risk Assessment 
and Mitigation Strategy for Sustainable Management 
(pp. 499–529). Springer Nature Singapore. 
https://doi.org/10.1007/978-981-97-4680-4_22 

Lin, S., Liang, Z., Guo, H., Hu, Q., Cao, X., & Zheng, H. 
(2025). Application of machine learning in early 
warning system of geotechnical disaster: a 
systematic and comprehensive review. Artificial 
Intelligence Review, 58(6), 168. 
https://doi.org/10.1007/s10462-025-11175-0 

McColl, S. T. (2022). Landslide causes and triggers. In 
Landslide Hazards, Risks, and Disasters (pp. 13–41). 
Elsevier. https://doi.org/10.1016/B978-0-12-
818464-6.00011-1 

Momeni, M., Bayat, M., & Ajalloeian, R. (2022). 
Laboratory investigation on the effects of pH-
induced changes on geotechnical characteristics of 
clay soil. Geomechanics and Geoengineering, 17(1), 
188–196. 
https://doi.org/10.1080/17486025.2020.1716084 

Muhiddin, A. B., Nur, S. H., Harianto, T., Djamaluddin, 
R., Arsyad, A., & Suprapti, A. (2021). 
Dissemination of disaster mitigation in landslide-
prone areas. JURNAL TEPAT: Applied Technology 
for Community Service, 4(2), 129–136. 
https://doi.org/10.25042/jurnal_tepat.v4i2.191 

Nguyen, T. S., Ngamcharoen, K., & Likitlersuang, S. 
(2023). Statistical Characterisation of the 
Geotechnical Properties of Bangkok Subsoil. 
Geotechnical and Geological Engineering, 41(3), 2043–
2063. https://doi.org/10.1007/s10706-023-02390-z 

Niu, W., Guo, B., Li, K., Ren, Z., Zheng, Y., Liu, J., Lin, 
H., & Men, X. (2024). Cementitous material based 
stabilization of soft soils by stabilizer: Feasibility 
and durabiliy assessment. Construction and Building 
Materials, 425, 136046. 
https://doi.org/10.1016/j.conbuildmat.2024.1360
46 

O’Kelly, B. C. (2021). Review of Recent Developments 
and Understanding of Atterberg Limits 
Determinations. Geotechnics, 1(1), 59–75. 
https://doi.org/10.3390/geotechnics1010004 

Onyelowe, K. C., Mojtahedi, F. F., Azizi, S., Mahdi, H. 
A., Sujatha, E. R., Ebid, A. M., Darzi, A. G., & 
Aneke, F. I. (2022). Innovative Overview of SWRC 
Application in Modeling Geotechnical Engineering 
Problems. Designs, 6(5), 69. 



Jurnal Penelitian Pendidikan IPA (JPPIPA) August 2025, Volume 11, Issue 8, 298-308  
 

308 

https://doi.org/10.3390/designs6050069 
Ouyang, Z., & Mayne, P. W. (2024). Evaluating friction 

angles for clays: piezocone tests compared with 
Atterberg limits. Proceedings of the Institution of Civil 
Engineers - Geotechnical Engineering, 177(2), 147–
157. https://doi.org/10.1680/jgeen.22.00135 

Pande, G. N., Pietruszczak, S., & Wang, M. (2020). Role 
of Gradation Curve in Description of Mechanical 
Behavior of Unsaturated Soils. International Journal 
of Geomechanics, 20(2), 4019159. 
https://doi.org/10.1061/(ASCE)GM.1943-
5622.0001551 

Pasierb, B., Grodecki, M., & Gwóźdź, R. (2019). 
Geophysical and geotechnical approach to a 
landslide stability assessment: a case study. Acta 

Geophysica, 67(6), 1823–1834. 
https://doi.org/10.1007/s11600-019-00338-7 

Patil, L. B., & Pusadkar, S. S. (2024). Performance of Black 
Cotton Soil Reinforced with Randomly Distributed 
Banana Fibers. Indian Geotechnical Conference, 27–
33. https://doi.org/10.1007/978-981-97-1745-3_3 

Polakowski, C., Ryżak, M., Sochan, A., Beczek, M., 
Mazur, R., & Bieganowski, A. (2021). Particle Size 

Distribution of Various Soil Materials Measured by 
Laser Diffraction—The Problem of 
Reproducibility. Minerals, 11(5), 465. 
https://doi.org/10.3390/min11050465 

Rakuasa, H., Budnikov, V. V., & Latue, P. C. (2025). 
Application of GIS Technology for Landslide 
Prone Area Analysis in Ambon Island, Indonesia. 
Journal of Geographical Sciences and Education, 3(1), 
19–28. 
https://doi.org/10.69606/geography.v3i1.170 

Rasti, A., Adarmanabadi, H. R., Pineda, M., & 
Reinikainen, J. (2021). Evaluating the Effect of Soil 
Particle Characterization on Internal Friction 
Angle. American Journal of Engineering and Applied 
Sciences, 14(1), 129–138. 
https://doi.org/10.3844/ajeassp.2021.129.138 

Shimobe, S., Karakan, E., & Sezer, A. (2021). Improved 
dataset for establishing novel relationships 
between compaction characteristics and physical 
properties of soils. Bulletin of Engineering Geology 
and the Environment, 80(11), 8633–8663. 
https://doi.org/10.1007/s10064-021-02456-3 

Shimobe, S., & Spagnoli, G. (2022). A General Overview 
on the Correlation of Compression Index of Clays 
with Some Geotechnical Index Properties. 
Geotechnical and Geological Engineering, 40(1), 311–
324. https://doi.org/10.1007/s10706-021-01888-8 

Sohel, R., Nie, Z., Ali, S., & Ismail, A. S. (2024). Impact of 
Industrial Solid Waste on Soil Geotechnical 
Properties. IOP Conference Series: Earth and 

Environmental Science, 1335(1), 012030. 
https://doi.org/10.1088/1755-

1315/1335/1/012030 
Svensson, D. N., Messing, I., & Barron, J. (2022). An 

investigation in laser diffraction soil particle size 
distribution analysis to obtain compatible results 
with sieve and pipette method. Soil and Tillage 
Research, 223, 105450. 
https://doi.org/10.1016/j.still.2022.105450 

Usman, F., Nanda, N., & Sumantyo, J. T. S. (2022). 
Prediction of Ground Surface Deformation 
Induced by Earthquake on Urban Area Using 
Machine Learning. Science and Technology Indonesia, 
7(4), 435–442. 
https://doi.org/10.26554/sti.2022.7.4.435-442 

Vitali, M., Corvaro, F., Marchetti, B., & Terenzi, A. (2022). 
Thermodynamic challenges for CO2 pipelines 

design: A critical review on the effects of 
impurities, water content, and low temperature. 
International Journal of Greenhouse Gas Control, 114, 
103605. 
https://doi.org/10.1016/j.ijggc.2022.103605 

Wazoh, H. N., & Mallo, S. J. (2021). Implications of the 
Engineering Geological Properties of Soils in the 
Implementation of the Greater Jos Master Plan, 

North Central Nigeria. European Journal of 
Engineering and Technology Research, 6(5), 118–128. 
https://doi.org/10.24018/ejeng.2021.6.5.2530 

Woldesenbet, T. T., Telila, T. G., & Feyessa, F. F. (2023). 
Geotechnical and geological investigation of 
landslide in West Arsi Zone, Ethiopia. 
Environmental Earth Sciences, 82(18), 427. 
https://doi.org/10.1007/s12665-023-11133-5 

Xie, H., Lu, J., Li, C., Li, M., & Gao, M. (2022). 
Experimental study on the mechanical and failure 
behaviors of deep rock subjected to true triaxial 
stress: A review. International Journal of Mining 
Science and Technology, 32(5), 915–950. 
https://doi.org/10.1016/j.ijmst.2022.05.006 

Yin, Z., Zhang, Q., Zhang, X., Zhang, J., & Li, X. (2022). 
Shear strength of grouted clay: comparison of 
triaxial tests to direct shear tests. Bulletin of 
Engineering Geology and the Environment, 81(7), 261. 
https://doi.org/10.1007/s10064-022-02739-3 

 


