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Abstract  The potential for landslides on mountain 

roads in Indonesia is relatively high and poses a challenge 

for engineers. Generally, landslides are initiated by rain 

infiltration, earthquake or vehicle vibrations, and human 

activities resulting in load changes or land use on the slopes. 

This study aims to determine the stability value of 

mountain road slopes after a landslide occurs and calculate 

the value and the required reinforcement method. The 

research case study was conducted on the mountain road 

Toraja-Indonesia. The analysis method uses manual and 

Geoslope Software. The integrated Geoslope Software 

combines multiple analyses using different products into a 

single modeling project. The results of planning using 

geotextile reinforcement on the slopes by slightly changing 

the geometry of the initial slope after the landslide obtained 

safety factor (SF) variations in vertical loads 1 and 2, 

groundwater level variations 1 and 2, and earthquake loads. 

The SF for pre-landslide conditions is unstable (≤ 1.07), 

and conditions after the landslide are primarily critical, 

with SF dominant at 1.07-1.25. Meanwhile, after using 

geotextile, the condition was stable (≥ 1.25). The results of 

this study prove that embankments built on soft soil tend to 

spread laterally due to horizontal earth pressure acting 

inside the embankment. Although the properly planned 

installation of high-strength geotextile or geogrid will 

reinforce stability and prevent collapse, geotextile or 

geogrid will also reduce horizontal and vertical 

displacement of the soil beneath it, thereby reducing 

differential settlement. Therefore, reinforcing mountain 

roads with geotextiles is optimal enough to be implemented. 

Keywords Geotextile, Landslide, Mountain Road, 

Reinforced 

1. Introduction

Indonesia is an archipelagic country with different 

natural conditions. Each island has its nature and 

uniqueness. Sulawesi is one of the large islands whose 

rocks are formed at the youngest age. Therefore, the natural 

challenges on this island are high. In addition to having an 

active volcano, it is also formed from young rock that is 

easy to move [1]. Landslides, also known as mass 

movements of soil, rock, or a combination thereof, often 

occur on natural or non-natural slopes in various locations. 

The incident is a natural phenomenon; nature is looking for 

a new balance due to disturbances or factors that influence 

and cause a reduction in shear strength and an increase in 

soil shear stress [2]. The factors that affect landslides 

include slope, soil texture, soil permeability, weathering of 

rocks, adequate soil depth, nick density, groundwater level, 

and rainfall. In contrast, non-natural factors are land use 
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and vegetation density. 

Natural disasters in the form of landslides often hit the 

national road area in several parts of Indonesia. North 

Toraja Regency is one of the areas where natural disasters 

often occur in the form of landslides [3]. The potential of a 

landslide is because part of the area is in the form of slopes 

and mountains. For the last ten years, from 2012 to 2021, 

landslides often occur when the rainy season arrives. 

Events will be more frequent, especially in December, with 

reasonably high rainfall [4]. Repeated slides on the road 

cause material losses and damage the function of 

transportation services. Disruption of road conditions at a 

point can affect the level of road service as a whole [5]. The 

North Toraja area's national road has hilly and mountainous 

land characteristics. The limited road network available in 

the area causes the weak resilience of transportation and 

logistics services. 

The movement of the soil mass can cause the potential 

for a landslide on the Toraja mountain road. The movement 

can be divided into control factors and is a process that 

triggers change [6]. The control factor is the condition of a 

slope being vulnerable or ready to move. These factors 

include morphological conditions, geological structures, 

geohydrology, and land use. Next is the movement trigger. 

This factor is a process that changes a slope from a 

vulnerable condition or is ready to move to a critical 

condition and finally moves [7]. Generally, these processes 

include rain infiltration, earthquake or vehicle vibrations, 

and human activities resulting in load changes or land use 

on slopes. The physical properties of the soil in Toraja are 

formed from fine-grained particles, loose material, and 

weathered rock layers [8]. Soil landslide most often occurs 

on slopes of rock layers impermeable to water. The surface 

of the impermeable layer is eroded until it becomes slippery, 

resulting in the influence of various external factors. As a 

result, the other layers lying on it will slip. 

One of the preventions of landslides can be done by 

strengthening the cliffs conventionally and with geotextiles 

[9]. Several methods of strengthening can be done with 

geotextile materials: rolling out geocell sheets, strip 

reinforcement, or reinforcement sheets. However, practical 

steps are needed to maintain and overcome the landslides 

on the Toraja area's national road. There are several ways 

to handle slope reinforcement, one of which is using 

geotextiles. Geotextile is permeable of woven textiles and 

thin, flexible, porous synthetic sheets used for soil 

stabilization and improvement. Geotextile internal factors 

consist of tensile strength, elongation properties, geotextile 

structure, and resistance to environmental factors. 

Meanwhile, the external factor is the embankment material 

that interacts with the geotextile. The type of geotextile 

structure selection can be seen in woven and non-woven 

reinforcement [10]. 

In dealing with the problem of how to improve or 

stabilize the slopes in an area where a slide occurs. The first 

is to reduce the driving force or driving moment, namely 

by changing the shape of the slope. The way to do that is to 

make the slope flatter by reducing the angle of inclination. 

The next step is to reduce the height of the slope. This 

method can only be used on slopes with limited height in 

rational slides. 

Besides that, it is increasing the resistance force, which 

can be done in several ways, namely using a counterweight, 

namely soil embankment at the foot of the slope, reducing 

the pore water pressure in the slope, as shown in the figure, 

and finally injection, namely by adding soil heap at the foot 

of the slope. Make ditches regularly on the slopes by 

reducing the pore water pressure on the soil by adding 

chemicals or pumping cement through pipes to get into the 

slopes. The last is by mechanical means, namely by making 

a retaining wall or by driving a pole. This method is done 

if the slope has a trim level of slip. 

Environmental conditions also reduce tensile strength 

due to chemical reactions to geotextiles and the 

surrounding environment. For example, ultraviolet light, 

seawater, acidic or wet conditions, and microorganisms 

such as bacteria can reduce the strength of the geotextile. 

The loading time also reduces the strength of the geotextile 

[11]. The materials used for the manufacture of 

geosynthetics are generally produced by the plastics 

industry, such as polymers, rubber, fibber-glass, and 

sometimes used natural materials. These various conditions 

are the reasons for writing about selecting and 

implementing reinforced slopes on the Toraja mountain 

road. This paper describes implementing reinforced slope 

work to handle landslides during road maintenance in 

Toraja. 

2. Literature Review

2.1. Mountain Road Landslide 

A landslide is the movement of slope-forming material 

in rock, soil, or a mixture of these materials, moving down 

or out of the slope. The landslide process begins with water 

that seeps into the soil, increasing the soil's weight [12]. If 

the water penetrates the impermeable soil, which acts as a 

slip plane, it becomes slippery, and the weathered soil 

above it will move along and out of the slope. The factors 

that cause a landslide, namely, the driving force on the 

slope, are more significant than the retaining force. The 

magnitude of the slope angle, water, load, soil or rock 

density, and earthquakes influence the driving force. The 

strength and density of the soil influence the resisting force. 

The factors that cause movement on the slopes also depend 

on the rock and soil conditions that make up the slopes, the 

geological structure, rainfall, vegetation cover, and land 

use on the slopes [13]. 

Mountain roads have technical challenges that are part 

of the whole road network. Usually, this road is on slopes 

and valleys with quite extreme slopes [14]. A slope is a 

surface inclined at a certain angle to a horizontal plane. In 

a place with two land surfaces with different heights, there 
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will be forces that push so that the higher ground tends to 

move downward, which is called the potential gravitational 

force which causes landslides [15]. Landslide slope is the 

movement of soil rock mass in a vertical, horizontal, or 

inclined direction from its original position because of the 

inability of the slope to withstand the shearing force acting 

on the boundary between the moving mass and the stable 

mass. 

Slopes can be analyzed by calculating the slope safety 

factor involving physical properties, soil mechanics, and 

slope geometry data. In particular, the analysis can be 

sharpened by involving other physical aspects regionally, 

namely by paying attention to environmental conditions. 

These factors affect soil movement and are the 

characteristics of hills prone to landslides [16]. When 

viewed from the shape of the surface, the slope is a sloping 

ground surface and forms a certain angle to the horizontal 

plane. Therefore, if two land surfaces with different heights 

are found, forces will work to push so that the higher 

ground tends to move downward, which causes a landslide. 

The primary purpose of slope stability is to provide 

competence in a safe and economical construction plan. 

Slope stability analysis affects the calculation results, 

including the condition of the soil in layers, the anisotropic 

shear strength of the soil, the flow of water seepage in the 

soil, and others. The slope stability analysis aims to obtain 

the safety factor from the potential landslide field. The 

safety factor is defined as the ratio between the resisting 

force and the driving force. The shear strength of a soil 

mass cannot bear the workload that occurs [17]. Various 

human activities and natural conditions can cause 

disturbances to slope stability. Unstable slopes are 

hazardous to the surrounding environment. Therefore, 

slope stability analysis is essential. Road managers' ability 

to mitigate and handle rehabilitation due to disasters such 

as landslides is an indicator of the performance of the road 

itself [18]. 

2.2. Slope Reinforced with Geotextile 

Landslides are much affected by wetting due to 

rainwater which can increase soil saturation. This strength 

reduction reduces slope stability, leading to landslides 

during the rainy season [19]. In general, soil movement can 

occur because slope stability is reduced due to soil 

degradation, namely a decrease in the engineering 

properties of the soil either due to natural factors such as 

increased rainfall, weathering, or human activities. 

Therefore, Indonesia's territory generally has a high 

potential for geological disasters and landslides every year, 

especially during the heavy rainy season. This is because 

the high rainfall can add to the load, triggering ground 

movement. 

Geotextile is a material made of water-permeable 

polymeric textile materials, which can be in the form of 

non-woven and woven materials used in civil engineering 

applications. Reinforcement function in geotextiles can be 

translated as reinforcement function, such as the term in 

reinforced concrete. In an identical sense, soil only has the 

strength to withstand compression but cannot withstand 

tension [20]. The nature of the geotextile can meet this 

weakness in tension. This material can be placed under 

embankments built on soft soil, can be used to build 

retaining soil, and can also be used to strengthen road 

pavement materials [21]. In making geotextiles, the textile 

element forms strands of fibers combined into a sheet 

textile structure. Geotextiles have five primary functions 

when working on soil: a layer of reinforcement for 

separation, filter, protection, and protection [22]. 

Creep properties, structure, resistance to environmental 

factors, and the type of embankment material influence the 

selection of geotextiles. The loading time also reduces the 

strength of the geotextile because there will be degradation 

of the geotextile by fatigue and aging factors [23]. In slope 

construction with a slope reinforcement system, the 

collapse force will be countered by the shear and tensile 

capabilities of the reinforcement material. The influence of 

geotextiles in contributing to resistance to the landslide 

force plays a significant role if the material is cut by a 

landslide plane. When combining soil and geotextile, the 

composite soil material produces high compressive and 

tensile strength to withstand the working forces and 

deformation. Under these conditions, geotextiles act as 

tensile resistance for adhesion, interlocking, or direct 

confinement on the soil and maintain the stability of the soil 

mass. 

Slope stability analysis with reinforcement consists of 

analyzing internal stability, external stability, and stability 

to the slope landslide. Internal stability consists of stability 

against internal forces, calculated concerning the length 

and spacing between reinforcement [24]. Stability against 

external forces consists of the ability of slope 

reinforcement to withstand shear, overturning, and failure 

of the foundation base due to the bearing strength of the 

soil. The assumption is that the reinforcement of soil slopes 

is a single unit, as in the construction of retaining walls. 

While the stability review of the slope landslide can be used 

in various methods, one of which is the boundary balance 

method [25]. Suppose the tensile strength of the geotextile 

material for single-layer reinforcement is T (kN/m). In that 

case, the magnitude of the slope safety factor with 

geotextile reinforcement is determined by adding the slope 

safety factor without reinforcement with the effect of 

moment resistance. 

Geotextiles can be installed of the same length or 

different lengths. Typically, the geotextiles used are 

generally the same length but can also be alternated with 

different lengths. Shorter geotextiles are used for secondary 

reinforcement. This shorter reinforcement helps overcome 

the problem of soil density at the edge of the embankment 

slope, which is usually difficult to meet requirements. In 

addition, this secondary reinforcement is also helpful for 

reducing landslides [26]. Another function of geotextiles 

placed at the embankment's edge is to provide lateral 
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resistance during compaction and surface stability. The 

increase in lateral resistance allows backfill to be 

compacted with a higher density than without 

reinforcement. Slope reinforcement also allows the 

compactor to work on the edges safely. In addition, 

reinforcement also reduces slope landslides and softening 

due to rainwater. 

3. Methods

The object that will be used in this research is the 

mountain road in Toraja-Indonesia. Therefore, the location 

of the research object to be analyzed is the Palopo-

Rantepao Sta 368+500 road section. The location map can 

be seen in Figure 1. 

Figure 1.  Case study location 
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3.1. Primary Data 

This data is obtained directly from the field. The data 

obtained include: 

a) Slope measurement directly in the field to obtain

slope height and slope angle of study.

b) Testing soil samples at the Civil Engineering

Laboratory, Directorate of General Highway to obtain

the shear angle (φ) and cohesion (c) values obtained

by direct testing, namely by conducting a direct shear

test.

3.2. Secondary Data 

Secondary data collection is done by collecting 

information and documentation originating from: 

a) Soil property data is related to the results of laboratory

tests that have been done before.

b) Additional data in the form of contours and cross-

sections of the studied slope will be analyzed for

stability. Contours can be taken from existing base

maps or re-examined.

3.3. Stages of Laboratory Testing 

Laboratory experiments to obtain unknown soil data 

using direct shear test experiments. Soil sampling at the 

study site was taken from the drilling point 368+500 road 

section at a soil depth of 17 m from the ground surface. 

3.4. Stages of Slope Stability Analysis 

a) How to analyze data using the Geoslope Software

program. In the analysis of work that will use the

Program, modeling must be made according to

conditions in the field. The Program is used after the

input process for the work we are reviewing has been

completed. This Program can be automatically

opened after selecting the calculate toolbar at the end

of the input program. If the calculations are not

performed immediately after the input process, this

Program by selecting Calculation Program on the start

menu. Output can be called up by clicking on the

output toolbar or from the start menu corresponding

to the Program. The Calculation Toolbar in the

Calculation Program can also be used to enter

program output if the input is complete and selected

the point to be reviewed.

b) The Program can be used to draw load or time-

displacement relationship curves and stress-stress

diagrams from locations previously selected in the

Calculation Program (select point for curve). The

selection of these points is limited to 10 nodes and 10

points for stress points.

c) The slope stability analysis formula uses the infinity

method by reviewing the condition of the slope when

the soil is unsaturated, the soil is fully saturated, and

the soil is partially saturated.

3.5. Program Validation 

To check the validation of the Program, a comparison of 

slope stability calculations with the infinite slope analysis 

formula, namely the infinite slope method, is performed. 

Then compare the safety factor of the two calculations. 

The Program is a summary of finite element programs 

developed to analyze the deformation and geotechnical 

stabilization in civil plans. Graphing simple soil properties 

input procedures can create complex finite element models 

and provide detailed display output of calculation results. 

The Program's calculations are automatic and based on 

precise number writing procedures. New users can master 

this concept in a relatively short time after doing some 

practice. 

In this condition, part of the proposal regarding Woven 

Geotextile functions as a reinforcement layer as well as a 

separator layer between soft subgrade, expansive soil, and 

granular fill soil above it so that the thickness of the 

granular design above will be maintained so that the road 

construction becomes stable, not wavy and flat on the 

surface. 

The primary data needed in this study is a cliff cross-

section. They obtained the mapping survey results using a 

theodolite, measuring signs, paper, tape measure, and 

stationery. The survey results are in the form of floor plans 

and views across the river, which will later become a 

reference in analyzing the slope. Furthermore, secondary 

data needed is soil data with parameter values φ', c’, σ', τ. 

The last is geotextile material and seismic data from 

Indonesia's earthquake zoning map. 

Slope stability analysis was carried out with pre-

landslide, post-landslide scenarios, and reinforced slope 

analysis. Each stage carried out the exact modeling for 

comparison. The modeling performed on the slope stability 

analysis begins with evaluating the vertical load using the 

Geoslope Software. Next, analyze the variation of 

groundwater level using Pore Water Pressure tools. The 

last is to do a vertical earthquake analysis using Seismic 

Load tools. At the end of the results and discussion will be 

described the method of implementing slope improvement 

in the field. 

4. Result and Discussion

4.1. Analytic of Data and Slope Stability 

Slope measurement data analysis was carried out by 

surveying the slopes using a theodolite, stative, measuring 

signs, meters, and stationery. Meanwhile, to process 

measurement data using Microsoft Excel and AutoCAD® 

programs. From the measurement results of the mapping 

survey, the first data obtained was only written on paper 

using stationery. The data obtained is then entered into the 

Microsoft Excel program to be trimmed and analyzed using 

previously provided formulas. After obtaining the 
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calculation results as above, the results are described using 

the AutoCAD® Program to get a cross-section and contour 

image of the slope. The results of the transverse and slope 

contour drawings can be seen in Figure 2. 

Slope stability analyzed using the Geoslope Software in 

this study includes analysis of slope stability pre-landslide, 

after-landslide, and slope stability with geotextile 

reinforcement-scenario using two variations of vertical 

load, two variations of groundwater level, and earthquake. 

The method used to analyze slope stability is the Fellenius 

Sliced Method. The Fellenius Sliced Method is used 

because this method can produce a lower safety factor than 

a more accurate calculation method. The magnitude of the 

error value can depend on the safety factor, the angle of the 

center of the circle selected, and the magnitude of the pore 

water pressure. Although the analysis is reviewed 

regarding total stress, the analytical error is still a function 

of the circle's safety factor and center angle. This method 

has been widely used in practice because the calculation 

method is simple, and the resulting calculation error is still 

safe. 

In the analysis of slope stability with geotextile 

reinforcement, the shape of the slope geometry analyzed 

using the Geoslope Software is the original slope geometry 

which previously had a topographic survey of slopes at the 

landslide location, which has been added with a new 

embankment. Manual calculations are carried out to find 

the tensile strength that occurs, horizontal stress, and 

anchorage length for the calculation of geotextile 

reinforcement. At the same time, the distance between 

geotextiles is assumed. Based on the above calculation 

results, the bottom and top anchorage length (LB = LT) is 

15 m, and the overlapping geotextile length (Lo) is used 

with a minimum length of 1 m. After analyzing the 

geotextile reinforcement design with manual calculations, 

they then analyze its stability using the Geoslope Software 

with two variations of vertical load, two variations of 

groundwater level, and an earthquake to find the safety 

factor. 

This study compares the safety factors on the pre-

landslide slopes, the existing condition slopes, and the 

slopes with geotextile reinforcement. Problems often occur 

in using geotextiles that require re-planning using the 

Geoslope Software. Pre-landslide analysis using Geoslope 

Software obtained slope stability SF with vertical load 

variations 1 and 2 are 1.041 and 1.012, which means the 

slope is unstable. Variations in groundwater levels 1 and 2 

are 1.027 and 0.971, which means the slope is unstable. At 

the same time, the earthquake obtained an SF of 0.882. 

Since SF 1.07, the slope is unstable. 

Figure 2.  Layout and contour 
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Figure 3.  Safety factor comparative graphics 

Based on the analysis using the Geoslope Software of 

slopes after a landslide, it was found that SF with vertical 

load variations 1 and 2 are 1.301 and 1.312, which means 

the slope is stable. Variations of groundwater levels 1 and 

2 are 1.119 and 1.084. Since the SF is between 1.07 and 

1.25, the slope is critical. At the same time, the earthquake 

obtained an SF of 0.932. Since SF 1.07, the slope is 

unstable. The results of planning using geotextile 

reinforcement on the slopes by slightly changing the 

geometry of the initial slope after the landslide obtained SF 

variations of vertical loads 1 and 2 are 1.675 and 1.686, 

which means the slope is stable. Variations of groundwater 

levels 1 and 2 are 1.677 and 1.572, which means the slope 

is stable. At the same time, the earthquake obtained an SF 

of 1.326, which means the slope is stable. The results of 

this plan are relatively stable. A comparison of SF before 

and after the landslide and after reinforcement can be seen 

in Figure 3. 

After analyzing the reinforcement design with manual 

calculation and Geoslope Software, the geotextile 

installation design can be illustrated in Figure 4. The length 

of the geotextile on the upper slope is almost uniform, 

while the lower slopes are made differently. Therefore, 

using geotextiles is more efficient because there is no waste 

on the lower slopes, and the upper slopes also increase the 

slope's overall SF value.  

Usually, this geotextile is used to make the soil more 

stable. For other uses, geotextiles are also often used to 

strengthen soft soil, withstand large loads, separate 

protective layers, and increase the strength of soil 

embankments. The advantage of this method is that the 

process takes a relatively short time, and the costs that must 

be incurred are cheaper than other methods. 
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Figure 4.  Illustration geotextile instalment 
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A tiered analysis with a combination of applications and 

manuals produces a safety factor that can be implemented. 

This shows an increase after being given geotextile 

reinforcement. However, this condition can become less 

efficient if geotextile is wasted. This condition can occur if 

the determination of the geotextile length is not optimal. 

For example, the installment geotextile on the upper slope 

does not reach the landslide plane, while the length on the 

lower slope is excessive. Therefore, careful planning is 

needed to reduce the length of the lower slope and increase 

the length of the upper slope. 

4.2. Implementation of Reinforced with Geotextile 

Currently, geotextile is the most widely used material in 

soil reinforcement work. Therefore, field technicians must 

fully understand the procedures for correctly and 

adequately applying geotextiles. Even now, some 

documents can be used as references in applying soil 

reinforcement using geotextiles. Several essential things 

must be considered in preparing the subgrade before 

installing geotextiles, namely cleaning all trees and tree 

stumps until they are level with the ground surface. 

However, do not remove roots or grass beds, leaving some 

covered vegetation such as grass and reeds. The aim is to 

build a work floor-to-place reinforcement for bumpy soil 

conditions due to many mounds and remnants of tree 

felling. 

Furthermore, place the geotextile in the roll's long 

direction perpendicular to the embankment's longitudinal 

direction during installation. The direction of the 

connection should be separate from the longitudinal 

direction of the embankment; furthermore, the suitability 

of the width of the field with the width of the geotextile 

becomes very important. If it is necessary to do splicing, it 

is best to join it at the factory so that it produces the 

appropriate width. Then, carefully unroll the geotextile in a 

transverse position to the longitudinal direction of the 

embankment. Avoid dragging the geotextile roll to avoid 

tearing, which decreases the material's strength or quality. 

When stretching the geotextile, ensure there are no 

wrinkles and folds, then place a weight on top of the 

geotextile so that the wind does not lift the geotextile 

during the stretching process. Before carrying out 

stockpiling, ensure the geotextile is spread ideally and there 

are no defects. If it turns out that a defect is found in the 

geotextile, it must be repaired immediately. The geotextile 

overlay process can be seen in Figure 5. 

Next, stockpiling is carried out, starting with spilling the 

material at the ends of the geotextile to form the foot of the 

embankment or access road. Use trucks conforming to the 

assumed work plan and do not spill material directly on the 

geotextile. The height of the mound should be less than 1m 

above the geotextile to avoid local bearing capacity 

collapse. Next, level the spread of stockpile material using 

a bulldozer or light loader. Then the foot of the 

embankment should be extended to the width of the 

embankment. After the foot of the embankment is made, 

spread the embankment material between the legs of the 

embankment. This overlay must be parallel and 

symmetrical to the longitudinal alignment of the 

embankment. The spread starts from the edge of the 

embankment foot to enter the middle to form a "U" shape 

(forming an outward curve). 

Figure 5.  Settings and installation of geotextile in a narrow location 

In the first layer of piling, the position of the construction 

equipment must be parallel to the longitudinal alignment of 

the embankment. The tool is not allowed to turn or turn 

around. The machine must be limited in size and weight to 

limit the wheel grooves of the first layout by 75 mm. If 

more than 75 mm of the groove is formed, reduce the 

size/weight of the machine. The first layer should only be 

compacted by pressing it with a bulldozer, loader, or other 

means. After the embankment height reaches 60 cm above 

the original soil, the subsequent layers can be compacted 

with a vibrating iron wheel or another suitable compactor. 

The compaction process can be seen in Figure 6. If there is 

local softening due to vibration, turn off the vibrator and 

use the tool's weight as the compaction medium. In non-

grained embankments, other types of compaction tools can 

be used. 

Figure 6.  Compacted the material 

The laying of the first few layers of the embankment 

over the geosynthetic should be a water-permeable grained 

material. This material will allow the best frictional 

interaction between the embankment material and the 

geosynthetic. This material also functions as a drainage 

layer that can dissipate excess pore water from the soil 
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below. Construction implementation procedures 

significantly affect the performance of embankment 

reinforcement on very soft soil. 

Thus, a competent and professional construction 

supervisor is needed. Field supervisors should be 

adequately trained to supervise each stage of construction. 

The Engineering Supervisor must ensure that the materials 

delivered to the project site comply with the requirements, 

that geosynthetics are not damaged during construction, 

and that the required steps have been followed correctly. 

The process of supervising and inspecting geosynthetic 

work can be seen in Figure 7. 

Figure 7.  Test of compacted result 

Geosynthetic reinforcement is measured in square 

meters and calculated based on the total area. The 

construction of geosynthetic reinforcement is listed in the 

implementation drawings, excluding the area used for 

overlapping. This geotextile work in Toraja aims to 

improve slope stability, with the challenge of slope angle 

being more significant but still safe compared to slopes that 

are not reinforced or after failure. For this purpose, 

perforated pipes are selected, wrapped in granular material, 

connected to coarse aggregate drainage channels, and lined 

with filter geotextiles. 

As in this case study, the use of geotextiles for handling 

landslides in road construction in mountainous 

environments is very suitable. This supports the concept of 

environmentally sound development. Similar research 

shows that the geotextile method responds well to 

environmental sensitivity [27]. The soil conditions are also 

quite soft, and dynamic ground movements create 

challenges in dealing with landslides in mountainous areas. 

Compared to using other constructions, flexible 

construction with geotextile is reliable. This study's results 

support previous studies with slightly different 

environmental conditions [28]. The results of this study 

prove that repaired mountain landslides on soft soil tend to 

spread laterally due to horizontal earth pressure acting 

inside the embankment. This earth pressure creates a 

horizontal shear stress at the base of the embankment, 

which the foundation soil must resist. Failure will occur if 

the foundation soil does not have sufficient shear resistance. 

The adequately planned installation of high-strength 

geotextile or geogrid will reinforce stability and prevent 

collapse. Geotextile or geogrid will also reduce horizontal 

and vertical displacement of the soil beneath it, thereby 

reducing differential settlement. Using geotextile as a 

reinforced mountain road can achieve optimal value by 

considering the length, drainage type, embankment, and 

proper implementation method. 

5. Conclusions

The results of planning using geotextile reinforcement 

on the slopes by slightly changing the geometry of the 

initial slope after the landslide obtained SF variations in 

vertical load 1, vertical load 2, groundwater level variations 

1 and 2, and earthquake loads. The safety factor for 

conditions before the landslide of all SF is unstable (≤ 1.07), 

and conditions after the landslide are primarily critical, 

with SF dominant at 1.07-1.25. Meanwhile, after using 

geotextile, the condition was stable (≥ 1.25.). The results of 

this study prove that repaired mountain landslides on soft 

soil tend to spread laterally due to horizontal earth pressure 

acting inside the embankment. Using geotextile as a 

reinforced mountain road can achieve optimal value by 

considering the length, drainage type, embankment, and 

proper implementation method. Further research can be 

optimized by conducting a comparative study using various 

construction methods under the same conditions. 
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