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ABSTRACT: Gabion walls are widely used for slope stabilization, particularly in hilly areas. However, these 
structures are vulnerable to failure mechanisms, such as sliding due to scouring, compromising their 
effectiveness. This study investigates the stability of the gabion wall reinforced with mini-piles to address 
erosion-induced failures, focusing on a case study along the Maligano road in North Buton Regency, Southeast 
Sulawesi, Indonesia. The research integrates field observations, soil investigations, and finite element modeling 
to analyze the causes of gabion wall failure and evaluate the effectiveness of mini-pile reinforcement. The study 
demonstrated that mini-pile reinforcement significantly improves stability. Various pile lengths were tested, 
showing that the safety factor (SF) increased with pile length. A 1-meter pile length achieved an SF of 1.17, 
while a 1.5-meter pile length met the required threshold of 1.53. A maximum SF of 2.32 was observed for a 3-
meter pile length. The study concludes that mini-piles effectively enhance gabion wall stability by intercepting 
potential slip surfaces and increasing safety. Although effective erosion control and drainage are essential for 
managing runoff and preventing scouring, the primary contribution of this research is the practical application of 
mini-piles in improving slope stability in erosion-prone areas, offering valuable insights for safer infrastructure 
development in challenging terrains.   
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1. INTRODUCTION 
 

Gabion walls, constructed from wire mesh 
baskets filled with stones, serve as versatile 
structural supports in civil engineering applications. 
Their primary uses include preventing soil erosion, 
stabilizing slopes, and managing water flow in 
flood-prone areas [1–4]. These walls are highly 
valued for their flexibility, adaptability, and ease of 
construction, making them particularly suitable for 
diverse geological conditions and various 
construction scenarios. The simplicity of the 
construction process, along with the availability of 
materials such as galvanized wire mesh and locally 
sourced stones, contributes to their growing 
popularity, especially in cost-sensitive regions [5]. 
Moreover, the gabion wall's permeable nature allows 
it to reduce hydrostatic pressure effectively, thus 
lowering the risk of failure during periods of heavy 
rainfall or flooding [6]. Studies have demonstrated 
that gabion walls possess significant resilience 
against dynamic loads, including those generated by 
seismic activities, due to their inherent flexibility [7, 
8]. This article explores gabion wall design, 
construction, and reinforcement, focusing on 
integrating advanced materials and methods to 
enhance their structural stability. 

Despite their advantages, gabion walls are 
susceptible to various failure mechanisms, which 
underscore the necessity of meticulous design and 
construction practices. Failures often stem from 
insufficient bearing capacity analysis, leading to 

instability and deformation over time. External 
factors such as seismic activities pose additional 
risks that must be adequately accounted for in the 
design phase [9, 10]. Substandard construction 
practices, including poor site preparation and 
inadequate materials, further compromise the 
structural integrity of the gabion wall [5, 11]. 
Effective drainage is critical to the stability of 
gabion wall structures; inadequate drainage solutions 
can lead to increased hydrostatic pressure, 
particularly in regions with heavy rainfall, resulting 
in potential failures [12]. Environmental factors such 
as extreme weather conditions and seismic events 
also need to be considered to ensure the gabion 
wall's long-term stability and effectiveness [13–15]. 
Addressing these challenges requires a 
comprehensive approach incorporating design 
optimization and quality construction practices. 

Recent research has focused on enhancing the 
stability of gabion walls through various design 
improvements, material innovations, and 
reinforcement techniques. One promising approach 
involves the use of advanced materials and 
optimized structural designs. For example, optimize 
wire hooks and bends in gabion retaining walls to 
maintain structural integrity [11]. Utilization of 
basalt fiber-reinforced (BFR) gabion, which 
demonstrated a 25.68% increase in safety factor (SF) 
compared to traditional designs, primarily due to the 
enhanced tensile strength of BFR materials that 
improves resistance to deformation under load [8]. 
Computational methods such as finite element 
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analysis have also optimized gabion wall designs. A 
slope stabilization system that combines gabion 
walls with geogrid reinforcements was explored, 
highlighting the effectiveness of this integrated 
approach in mitigating the adverse effects of rainfall 
on slope stability [16]. Field studies further validate 
the practical applications of these techniques, with a 
stabilization system combining a gabion-faced 
geogrid-reinforced retaining wall with embedded 
piles, as demonstrated around Victoria, Australia 
[17]. Additionally, alternative filling materials, such 
as recycled construction and demolition waste, have 
been investigated as a sustainable and cost-effective 
option for gabion wall construction, with 
comparable performance to traditional materials [18]. 
These advancements collectively contribute to the 
enhanced stability and functionality of gabion walls 
in various civil engineering applications. 

Integrating gabion walls with pile or mini-pile 
reinforcements presents a robust solution for 
enhancing slope stability, as piles of certain depths 
and strategic placements can significantly improve 
stability [19–21]. The behavior of slopes with 
embedded piles under various load conditions was 
investigated using the finite element method. The 
results indicate that the piles contributed up to a 
42.9% increase in stability [22]. A slope stabilization 
system combining gabion walls with geogrid-
reinforced retaining walls and piles was studied 
using three-dimensional finite element methods 
(FEM), demonstrating substantial improvements in 
slope SF, particularly under heavy rainfall 
conditions. The results reveal that this integrated 
approach can improve stability by up to 41.2% [16]. 
The integration of gabion with concrete piles at 
various slope angles was explored, highlighting that 
this combination can increase the SF from 1.11 to 
2.58 [23]. 

Building on insights from previous literature [23], 
which simulated gabion-mini pile reinforcement in 
flat areas without considering scouring effects, this 
study proposes an advanced approach tailored to the 
unique challenges of hilly, erosion-prone regions. 
Previous research, while valuable, did not address 
critical issues such as scouring and the complex 
topography found in areas with steep slopes. To fill 
this gap, the present study simulates the placement 
of gabion-mini pile reinforcement, specifically in 
sloped areas impacted by scouring conditions 
frequently encountered on road slopes in hilly 
regions of Indonesia. 

 
2. RESEARCH SIGNIFICANCE 

 
This study introduces a novel hybrid 

reinforcement approach by integrating mini-piles 
with gabion walls to counteract erosion-induced 
slope failures, a critical yet underexplored issue in 
Indonesia’s rainfall-prone hilly regions. Unlike 

previous studies that neglect scouring effects, this 
research applies finite element modeling to 
realistically simulate failure scenarios and assess the 
influence of pile length on stability. The originality 
lies in addressing the synergistic role of scouring 
and reinforcement within slope protection systems. 
By offering a cost-effective and scalable design, the 
findings contribute directly to geotechnical 
engineering practices and inform safer, more 
resilient infrastructure planning in erosion-
vulnerable environments. 

 
3. RESEARCH METHOD  
 

This research focuses on a gabion wall failure 
along the Maligano road section in North Buton 
Regency, Southeast Sulawesi, Indonesia. This road 
is a crucial access route connecting the provincial 
capital to the North Buton Regency. The area 
experiences a tropical climate with an average 
annual rainfall of 2,286 mm, humidity around 80%, 
and temperatures ranging from 22°C to 34°C. The 
hilly terrain, especially at elevations around 50 
meters above sea level with slopes of approximately 
40% [24], often leads to slope stability issues during 
the cut-and-fill process required to meet alignment 
specifications in the road preservation process at sta. 
8+200 gabion wall was used as embankment 
reinforcement to widen the road. These gabion walls 
failed over time, particularly during the rainy season, 
causing part of the road to collapse, as seen in Figure 
1.  
 

 
 
Fig.1 Maligano road section experiences a slope 
failure. 
 
3.1 Site Observation and Topographic Survey 
 

The initial stage of the analysis is to conduct site 
observation, including collecting, analyzing, and 
interpreting data on the physical conditions in the 
landslide area. This process aims to 
comprehensively understand the factors that 
influence slope stability. During this phase, an initial 
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field visit is conducted to observe the current site 
conditions and identify any visible signs of 
instability. Visual inspections are carried out, and 
observations of surface features like rock outcrops, 
soil profiles, and drainage patterns are recorded. 
Photographic documentation captures the site's 
current state, and preliminary soil or rock samples 
may be collected for further laboratory analysis.  

The Topographic Survey is planned based on the 
observation findings, focusing on critical areas such 
as steep slopes, drainage paths, and other features 
essential to slope stability. The topographic 
conditions of the research location are obtained by 
combining Digital Elevation Model (DEM) data 
from the Indonesian Geoportal [25] with direct field 
measurements using polygon and tachymetry 
methods with total station equipment to establish a 
vertical and horizontal framework [26]. Topographic 
information is crucial because it is one of the factors 
that can significantly influence slope stability [27–
29]. These techniques are used to obtain precise 
terrain measurements, which are then used to 
generate contour maps and cross-sections. These 
maps accurately represent the site's topography, 
highlighting important features like the slope's crest, 
toe, and faces. 
 
3.2 Soil Investigations 
 

Another factor that greatly influences slope 
stability is soil properties, as differences in soil type 
and stratigraphic conditions can greatly influence 
slope stability [30–32]. This research uses a 
combination of field and laboratory testing that 
refers to the Indonesian code (SNI) to obtain soil 
type information at the study site. Field soil 
investigations were carried out using a cone 
penetration test (CPT) [33] and a hand-boring (HB) 
[34] around the slope failure area. The Cone 
Penetration Tests (CPTs) were strategically placed 
along the cross-section of the slope failure location 
to obtain detailed information about the soil type and 
stratigraphy of the slope. This information is crucial 
for understanding the subsurface conditions and 
assessing the slope's stability.  The CPT results are 
used to determine the soil behavior type (SBT), 
which is derived from the relationship between cone 
resistance (qc) and friction ratio (fr) as plotted on the 
Robertson chart [35]. This chart classifies soils 
based on their mechanical behavior, allowing for a 
more precise understanding of their characteristics. 
By identifying the soil type, the stiffness of the soil 
can be estimated using the qc value, with 
correlations proposed by Look [36]. Soil stiffness is 
a critical factor in slope stability analysis because it 
influences the soil's ability to resist deformation 
under load, directly impacting the estimation of soil 
parameter values.  

Unlike the Cone Penetration Test (CPT), which 

was more broadly applied across the slope, many 
hand-boring tests were concentrated at the toe of the 
gabion wall. This focus was due to the recognition 
that the slope failure was relatively shallow, with a 
depth approximately 2 meters, classifying it as a 
shallow failure [37]. These tests reached a depth of 2 
meters, where soil samples were collected for 
laboratory analysis. The laboratory tests followed 
Indonesian National Standards (SNI), including 
grain-size analysis [38], density [39], specific 
gravity [40], water content [41], Atterberg limits [42, 
43], and direct shear tests [44]. 

 
3.3 Slope Stability Analysis 
 

The initial stage of the stability analysis involves 
the creation of a detailed slope model. This model 
uses a 2D finite element approach with plane strain 
idealization, ensuring the analysis accurately reflects 
the site's conditions. The soil stratigraphy for the 
model is created based on the classification results 
from the CPT and correlated with laboratory test 
outcomes. 

Once the slope model is established, the next 
step is to input the relevant soil parameters into the 
model. These parameters include unit weight (γ), 
cohesion (c), internal friction angle (φ), elastic 
modulus (E), and Poisson's ratio (υ). These values 
are derived from laboratory test results and 
correlated with CPT data using established methods 
[36], while also considering real field conditions, 
ensuring the analysis is accurate and relevant. 

The analysis uses the Mohr-Coulomb failure 
criteria, a widely accepted model for evaluating soil 
and rock failure [45–47]. The study is performed 
under several scenarios to assess the slope's behavior 
in different conditions, as seen in Table 1. 
 
Table 1. Types of slope stability analysis 
 

Type of analysis Purpose of 
analysis Remarks 

End of Gabion 
wall construction 

analysis 

Determine the 
initial SF - 

Slope stability 
analysis of gabion 

wall with 
scouring 

Determining 
changes in SF 
due to erosion 

- 

Slope stability of 
gabion wall with 

pile reinforcement 

Evaluation of 
the effect of 
pile depth on 
slope stability 

Pile length: 
1 m, 1.5 m, 
2 m, 2.5 m 
and 3 m. 

 
Each scenario helps understand the slope's 

behavior under various conditions and guides the 
design of appropriate mitigation measures. By 
combining detailed site observation, thorough soil 
investigations, and advanced modeling techniques, 
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this methodology provides a comprehensive 
assessment of slope stability and the effectiveness of 
reinforcement strategies. SF analysis was conducted 
using the shear strength reduction (SSR) method hat. 
This method systematically reduces the shear 
strength envelope of material by a factor of safety 
and computes FEM models of the slope until 
deformations are unacceptably large or solutions do 
not converge [48]. The application of SSR has been 
validated through various studies, demonstrating its 
effectiveness in different geological contexts [49]. 

 
4. RESULTS AND DISCUSSION 
 
4.1 Site Observation and Topographic Survey  

 
The topographic analysis reveals that the failure 

occurred in an inclined area, characterized by a hill 
on the left side and a ravine on the right, as depicted 
in Figure 2. The slope's history indicates that the 
right side, which eventually collapsed, was a former 
road embankment created during a widening 
process. This embankment became particularly 
vulnerable during heavy rainfall, which triggered the 
sliding of a gabion wall and caused a significant 
portion of the road to collapse. The actual conditions 
after the gabion wall failure were closely observed 
during the site visits. A critical issue identified was 
the absence of a drainage channel on the right side 
of the road, which allowed rainwater to flow 
uncontrollably along the slope's contour. This water 
flow pattern was carefully traced from the top side 
(Point A) down to Point B and then turning towards 
Point C, which leads directly to the toe of the gabion 
wall, as seen in Figure 2. The lower elevation at the 
toe of the gabion wall caused most of the water to 
accumulate in this area. The installation of the 
gabion wall altered the natural flow of water, which 
would have normally followed the road but was 
instead redirected towards the toe of the gabion wall. 
The elevation difference increased the speed of 
runoff, which intensified erosion at the slope's 
surface and led to the loss of passive earth pressure 
at the gabion wall toe.  

There are three common types of retaining 
structure failures: bearing capacity failure, indicated 
by excessive settlement; overturning failure, where 
the structure tips over; and sliding failure, where the 
structure shifts horizontally. In this case, the failure 
mode of the gabion wall was found to be sliding 
failure. This conclusion was drawn from the 
observation that there was no excessive settlement or 
overturning of the gabion wall in the field; instead, 
the bottom of the gabion wall had shifted, as 
illustrated in Figure 1. Additionally, the stone filling 
within the gabion wire remained largely intact, with 
the wire being 90% in good condition. This 
observation found that the failure was not due to the 
gabion wire breaking under excessive stress but 

rather due to the sliding of the entire structure. 
 

 
 
Fig.2 Theoretical gabion wall position 
 
4.2 Result of Soil Investigations 
 

Figure 3 and Table 2 present the CPT test results 
and soil classification. Figure 3 illustrates the CPT 
testing results at points 1 to 4 along the slope. Point 
1 is located on the left side of the road, while points 
2 to 4 are where the gabion wall collapsed. The test 
results reveal that hard soil, characterized by a qc 
value greater than 150 kg/cm², is present at depths of 
3 to 5 meters. This hard soil layer provides a 
baseline for understanding the underlying 
stratigraphy and the transition between different soil 
types. 

Table 2 provides the soil classification results, 
showing that the soil layer immediately above the 
bedrock behaves as silty sand with a very loose to 
lose density. Silty sand is a mixture of coarse-
grained and fine-grained particles [50], with the 
proportion of fine grains significantly affecting its 
strength. When the fine grain content is less than 
25%, it fills the voids between the coarse grains, 
increasing the soil's overall strength. The strength of 
silty sand is also influenced by its relative density, 
with denser soils exhibiting greater shear strength 
[51]. 
 

 
Fig.3 CPT test results 
 



International Journal of GEOMATE, Sep., 2025 Vol.29, Issue 133, pp.129-138 

133 
 

Table 2. Soil classification based on CPT 
 

CPT-01 CPT-02 
Depth (m) SBT Depth (m) SBT 

0 – 0.4 5 0 – 0.4 4 
0.4 – 5.4 6 0.4 – 1.2 5 

  1.2 – 3.2 6 
CPT-03 CPT-04 

Depth (m) SBT Depth (m) SBT 
0 - 0.8 4 0 – 0.4 4 

0.8 – 2.4 5 0.4 – 2.6 5 
2.4 – 3.6 6 2.6 – 5.2 6 

Classification [35]: 
4 = Clayey silt and silty clay; 5 = Silty sand and 
sandy silt; 6 = Clean sand to silty sand 

 
However, slopes with silty sand can become 

unstable when the pore spaces between particles 
change, particularly due to wetting. Increased 
moisture content can reduce the soil's shear strength 
by increasing pore pressure, possibly leading to 
slope instability. Additionally, the interface between 
two soil layers with different properties, such as 
density or stiffness, can become a potential slip 
surface, where slope failure is more likely to initiate 
[52]. 

The laboratory test results for the soil samples 
obtained using hand-boring are listed in Table 3. 
According to the Unified Soil Classification System 
(USCS) [53], the soil was classified as silty sand 
(SM), a mixture of fine and coarse particles that 
plays a significant role in the slope's behavior. The 
laboratory analysis of the hand-bored soil samples 
revealed several key soil parameters crucial for 
assessing slope stability. The saturated unit weight 
of the soil was found to be between 16.7 and 17.4 
kN/m³, slightly lower than the typical range for 
sandy soils (18 to 22 kN/m³), which suggests an 
increased potential for sliding, especially in retaining 
structures like gabion wall, where soil weight plays a 
significant role in stability [54].  

The grain size distribution analysis showed that 
the soil was predominantly sandy, with particle sizes 
smaller than 4.75 mm. This fine grain size is 
particularly susceptible to erosion, with grains in the 
0.2 to 0.6 mm range being highly prone to erosion 
[55]. The plasticity value only affects sandy soil a 
little because this parameter affects fine-grained soil 
(clay and silt) more. The shear strength tests 
revealed that the friction angle of the soil varied 
between 20° and 27°, which is still within the typical 
range for granular soils [36]. However, the presence 
of fine grain content reduces the soil's shear strength, 
as indicated by previous studies [56]. 

The soil investigation identified erosion at the 
gabion wall foundation as the main failure trigger. 
The silty sand at the foundation is highly susceptible 
to erosion, especially on a steep slope with increased 
surface runoff speed. The placement of the gabion 

wall on such a slope exacerbated this risk, leading to 
significant water scouring around the gabion wall 
base. This erosion weakened the foundation, 
ultimately causing the gabion wall to fail. 
 
Table 3. Laboratory test results 
 

Description Unit HB-
01 

HB-
02 

HB-
03 

HB-
04 

Specific gravity 
(Gs) - 2.61 2.64 2.63 2.61 

Unit weight      
- Moist (γb) kN/m3 16.1 13.8 14.6 13.6 
- Saturated (γsat) kN/m3 17.4 17.1 16.9 15.7 
Sieve analysis      
- Pass #no. 4 (4.75 
mm) % 96.9 84.6 81.3 85.4 

- Pass #no. 200 
(0.075 mm) % 13.5 14.2 15.4 14.8 

Atterberg Limits      
- Liquid limit % 21,95 19.86 23.11 25.12 
- Plastic limit % 20.57 17.34 20.86 22.01 
- Plasticity index % 1.38 2.51 2.25 3.11 
Water content % 31.32 17.97 27.20 32.04 
Direct shear test      
- Cohesion (c) kPa 4.1 2.4 2.2 2.8 
- Friction angle 
(φ) (o) 27.73 23.30 20.66 21.24 

 
4.3 Slope Stability Analysis 

 
The soil stratigraphy at the gabion wall location 

is illustrated in Figure 4a, where the soil is 
categorized into three distinct layers: a loose sand 
layer at the surface, followed by a medium dense 
layer, and finally, a dense sand layer serving as the 
bedrock. Based on the soil stratification, an analysis 
model was conducted, as seen in Figure 4b. The 
slope model was constructed using a rectangular 
mesh grid consisting of 100,000 mesh elements, 
allowing for a detailed analysis of slope stability. 

The next stage involves inputting the parameter 
values for each soil layer. The shear strength 
parameters of the loose sand layer, which forms the 
gabion wall foundation, were obtained from the 
laboratory test results. The deformation parameters 
were determined through correlation with the CPT 
data. For the medium-dense and dense sand layers, 
both shear strength and deformation parameters 
were derived from CPT data correlation. However, 
the shear strength obtained from the CPT data 
correlation does not account for mixtures of coarse 
and fine-grain soil, such as silty sand. In this 
correlation, when the soil is dominated by sand, the 
parameters are limited to the internal friction angle 
and cohesion, with cohesion considered zero. 

In contrast, silty sand contains a fine-grain 
fraction that contributes to the cohesion value. 
Therefore, the foundation soil parameters, which are 
crucial for controlling slope failure (as landslides 
tend to occur very shallowly), were selected from 
the results of direct shear tests, as they provide 
values for both the internal friction angle and 
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cohesion. The input parameters used in the analysis 
are listed in Table 4. 
 

 
(a) 

 

 
(b) 

 
Fig. 4 (a) Stratigraphy and (b) Slope model 
 
Table 4. Soil properties 
 

Material Loose 
sand 

Medium 
dense 

Dense 
sand Backfill Gabion 

Model M-C M-C M-C M-C L-E 
γ (kN/m3) 14 16 18 16 22 

c (kPa) 2.2 0 0 12 - 
φ (o) 20.66 30 35 23 - 

E (kPa) 7×103 12×103 25×103 7.5×103 1×105 
υ 0.33 0.33 0.33 0.33 0.2 

Note: M-C = Mohr Coulumb; L-E = Linear elastic 
 
4.3.1 End of gabion wall construction analysis 
The slope analysis at the end of the construction 
period revealed that the slope's SF was 1.21, as 
shown in Figure 5. This value falls short of the SF 
criteria stipulated by the Indonesian Code in 
Geotechnical Design Requirements, which mandates 
a minimum slope SF of 1.5 [57]. Despite not 
meeting the required SF, the slope remained safe at 
the end of the construction period because its 
resistance was 1.2 times greater than the forces 
driving the slope to fail. 
 
4.3.2 Slope stability analysis of gabion wall with 
scouring 
The scouring depth was not calculated using 
empirical or analytical scour prediction equations. 
Instead, a simplified simulation method was adopted 
in the numerical model by artificially removing the 
soil mass in front of and below the gabion wall toe 
to represent the potential effects of scour. This 
approach assumes that erosion causes a loss of 

passive resistance at the toe, a condition commonly 
observed in field cases where concentrated water 
flow or prolonged rainfall leads to toe undermining. 
 

 
 
Fig. 5 SF after gabion wall construction 
 

The analysis showed that, under this simulated 
scoured condition, the slope's factor of safety 
decreased to 1.08. Additionally, the critical slip 
surface was found to deepen, reaching 
approximately 1.3 m below the base of the gabion 
wall (Figure 6). This result highlights how scouring 
can destabilize the slope by promoting deeper failure 
mechanisms and reducing resisting forces. The 
10.74% reduction in the SF is particularly 
concerning for slopes already in marginal stability 
conditions, as is the case in the study area. 

Recent studies have highlighted the importance 
of understanding the scouring mechanisms of slope 
stability. A similarity model test examining the 
rainfall scouring mechanism of high-speed railway 
subgrade slopes, reveals that factors such as flow 
velocity and particle size play crucial roles in 
erosion [58]. This research underscores the need for 
quantitative analyses to characterize scouring 
erosion laws, which can inform the design and 
maintenance of slopes in railway engineering. 
Further investigation into coarse-grained soils has 
also shown that rainfall can directly dislodge soil 
particles, leading to significant erosion and slope 
destabilization [59]. 

 

 
 
Fig. 6 SF of slopes with scouring 
 

In Figure 6, the gabion wall deformation pattern 
shows the occurrence of sliding failure, similar to 
the field conditions. In addition, a slip surface depth 
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of <2 m also demonstrates similarities with actual 
conditions in the field. Of course, the analysis results 
will not match the exact conditions in the field due 
to simplifications in the model geometry and 
analysis parameters. However, the similarity of the 
slope failure patterns in the analysis results and the 
actual conditions in the field can validate the 
analysis results in this paper. 

 
4.3.3 Slope stability of gabion wall with pile 
reinforcement 

Based on field observations and analysis, the 
gabion wall failed due to sliding, primarily caused 
by the loss of passive pressure from scouring at the 
gabion's toe. To address this issue and enhance the 
stability of the gabion wall, mini piles with various 
depths were simulated to determine the minimum 
depth needed to be installed to prevent the gabion 
wall from collapsing due to scouring and 
unfavorable placement. The result of the stability 
analysis can be seen in Figure 7. 

 

 
 
Fig. 7 SF of the slope with various pile lengths 

 
The chart demonstrates how the SF (SF) 

increases with pile length, showing the effectiveness 
of pile reinforcement in enhancing slope stability. 
Starting with a pile length of 1 meter, the SF is 1.17, 
indicating a slight increase in strength compared to a 
scenario without piles. However, this value falls 
short of the minimum SF requirement of 1.50, 
meaning the slope remains marginally stable and 
prone to potential failure. 

When the pile length increases to 1.5 meters, the 
SF rises significantly to 1.53, surpassing the required 
stability threshold. This considerable improvement 
occurs because the piles penetrate the critical slip 
plane, reinforcing the slope’s weakest point and 
ensuring greater safety. As the pile length increases 
further, the SF continues to improve. At 2 meters, 
the SF reaches 1.70, further enhancing stability. At 
2.5 meters, the SF jumps to 2.12, showing that the 
piles provide even greater resistance against slope 
failure. Finally, at a pile length of 3 meters, the SF 
reaches 2.32, representing the highest slope stability 
level observed in the chart. 

It is important to note that while the increase in 

SF is significant up to a depth of 1.5 meters, further 
pile length increases result in a more moderate 
improvement. After the pile passes through the 
critical slip plane and reaches denser soil layers, the 
increase in the SF is less substantial. Nevertheless, 
each increment in pile length beyond 1.5 meters still 
contributes positively to overall slope stability, 
ensuring a higher safety margin against failure. 
 
5. CONCLUSION 
 

The study on enhancing gabion wall stability 
through mini-pile reinforcement, focusing on the 
case of erosion-induced failure along the Maligano 
road in North Buton Regency, Southeast Sulawesi, 
Indonesia, provides crucial insights into effective 
slope stabilization strategies in erosion-prone hilly 
terrains. The research reveals that the gabion wall 
failed primarily due to sliding caused by scouring at 
the base. This scouring, driven by uncontrolled 
runoff during heavy rainfall, led to significant 
erosion and a loss of passive earth pressure, resulting 
in instability. Observations confirmed that the failure 
mode was sliding rather than overturning or bearing 
capacity failure, as evidenced by the intact gabion 
wire and stone filling condition. 

The soil at the failure site was identified as silty 
sand, which exhibited low shear strength and high 
susceptibility to erosion. Increased moisture content 
further compromised soil stability by elevating pore 
pressure and reducing shear strength. Initial slope 
stability analysis, conducted without reinforcement, 
revealed an SF (SF) of 1.21, below the required 
minimum of 1.50, indicating that the slope was 
marginally stable. 

The integration of mini-piles was found to 
improve gabion wall stability significantly. Testing 
various pile lengths demonstrated that the SF 
increased with pile length. Specifically, a pile length 
of 1 meter yielded an SF of 1.17, while a height of 
1.5 meters increased it to 1.53, meeting the required 
stability threshold. Further increases in pile length 
enhanced stability, with a maximum SF of 2.32 
observed at 3 meters. 

Overall, the study highlights the effectiveness of 
mini-pile reinforcement in enhancing slope stability 
and provides valuable insights into designing 
practical and reliable stabilization measures. While 
effective erosion control and drainage are important 
considerations for managing runoff and preventing 
scouring, this research focuses on the benefits of 
mini-piles for improving gabion wall stability in 
challenging, erosion-prone areas. 
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