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ABSTRACT 
 

 

 

Tawang-Ngalang Segment IV Road and Bridge Construction in Gunungkidul Regency, 

Yogyakarta, is constructed to connect the city and suburban areas in southern Yogyakarta for a more 

effective way of travel. Gunungkidul regency is mountainous area, which means uneven area for 

construction. Therefore, excavation and embankment are necessary to provide little to no difference 

for the road elevation. This research will be focused on the safety of embankments structure.  

The study case taken is embankment on STA 5 + 325 with 6.75 in height. Using secondary type 

of data taken from PT. Geomine Bara Studio also laboratory and detailed engineering drawing data 

from PT. Aneka Dharma Persada. The objective of this research is to calculate the safety of 

embankment structure and to provide an alternative for the embankment angle for a safer road 

construction afterwards. Therefore, the embankment will be reinforced with geotextile with internal 

angle variations, and analysed with Fellenius method for static calculation, and PLAXIS as the 

instrument of Finite Element Method (FEM).  

The result shows that the safety factor for internal angle 25° and 20° with no reinforcement 

using static calculation are both collapses. After geotextile in installed on the location, the safety 

factors are 1.402 and 1.483 respectively. As for the consolidation settlement occur on the site for 

internal angle 25° with no reinforcement and after being reinforced are 0.1905 m and 0.1813 m. 

While for internal angle 20° with no reinforcement and after being reinforced are 0.1845 m and 

0.1764 m. 

 

Key words: Embankment, Geotextile, Consolidation  



1 
 

CHAPTER I 
PRELIMINARY 

 
 
 
1.1 Background 

D.I Yogyakarta is one of the most well-known province for its touristy 

destinations. There are various types of entertainment that attract domestic, as well 

as internatioanal tourist. One of the factors affecting this is the various contour of 

the province. There are higher areas such as mountains and hills for hiking, or just 

chilling out at the cafes viewing the citylights. Also, lower areas such as beaches to 

enjoy the sunsets. Higher lands are located in the Northern Yogyakarta. While the 

lower lands are in the southern part of Yogyakarta. There are already transportation 

access to connect the centre of Yogyakarta for both southern and northern parts of 

Yogyakarta to accommodate the local people also for the tourists.  

By the time, the existing transportation access to the southern part of 

Yogyakarta which there’s only one main access, no longer fulfilling the demand of 

road capacity of the vehicles passing and also still not accessible to many potential 

touristy places. Because not only the local and tourist, heavy vehicles also passing 

through this access road.  

Therefore the government of D.I. Yogyakarta made a decision to build new 

access road that connect the centre of Yogyakarta to the southern parts of 

Yogyakarta located in Gunungkidul Regency. This project is called Tawang-

Ngalang Road and Bridge Construction. The aim of this project is to provide 

alternative access that connects Yogyakarta to Gunungkidul through Piyungan-

Patuk.  

The project works are divided to five different segment for the construction . 

But the writer will specifically takes segment 4 for obtaining the research data. 

Tawang Ngalang Segment IV Road and Bridge Construction has a total of 3,4 km 

road and 80 m long bridge.  
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The construction of new access road oftenly done on various condition of soil 

contour. This means that the original contour is not even yet and remain uncapable 

if the surface is not even out. Therefore, the even soil contour will be needed in 

order to execute the design plan for the road and bridge construction. In order to 

obtain the even contour, areas that are too shallow will have to be filled with 

embankment. The materials for embankment can be taken from some sources, such 

as quarries, or excavation materials from different sources.  

The embankment construction will create different elevation of two different 

soil surfaces which will produce compression forces. So the higher soil surface will 

move to to lower surface due to the gravitional forces. This event will disturb the 

soil stability and can lead to the collapse of the embankment strcuture that not only 

will damage the embankment structure itself, but also can endanger construction or 

people nearby. Therefore the analysis of slope stability of embankment must be 

done in order to make sure that the construction is safe and strong. The tern “slope” 

here means a tilted soil surfaced and create particular angle towards a horizontal 

body. 

For the location of the research, it specifically takes the embankment on STA 

5 + 325 as the object of the research. In this location the embankment height is 6.75 

m from the original soil with the site classification of intermediate soil and clay 

type of soil.   

Reinforcement remains required in order to fulfill the safety factor of 1.2. The 

type of reinforcement used is geotextile reinforcement. Geotextile itself is a 

reinforcement in geotechnical field that uses sythetic polimer. It will be used as the 

protection from landslide or even the land collapse.  

This research analysis calculation will be divided into some stages. The first 

stage will be structural modelling and calculation of embankment on original soil 

without geotextile reinforcement to obtain safety factor and settlement of the soil. 

As for the second stage, the structure that collapse on this stages will be recalculated 

using manual calculations that will use Fellenius method in order to obtain the 

safety factor, but this time, the calculation will be added with the calculation of the 

number of required geotextile layer. After that the structure using geotextile will be 
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remodelled and recalculated using the need of geotextile layer as the reference. This 

will be done in order to get the embankment structure that can function optimally 

and effectively. 

1.2 Problem Formulation 

Based on the explanation of the background above, the problem formulation 

of this research 

1. How much is the factor of safety value of existing slope with internal angle of 

25° using PLAXIS V20 based on finite element method for construction and 

post construction phase without reinforcement? 

2. How much is the factor of safety value of existing slope with internal angle of 

25° with reinforcement using PLAXIS V20 based on finite element method for 

construction phase and post construction phase? 

3. How much is the consolidation settlement value occurring on existing slope 

with internal angle of 25° with and without reinforcement using PLAXIS V20 

based on finite element method for construction and post construction phase?  

4. How much is the factor of safety value of alternative internal angle of 20° using 

PLAXIS V20 based on finite element method for construction phase and post 

construction without reinforcement? 

5. How much is the factor of safety value of alternative internal angle of 20° with 

reinforcement using PLAXIS V20 based on finite element method for 

construction and post construction phase? 

6. How much is the consolidation settlement value occurring on alternative 

internal angle of 20° with and without reinforcement using PLAXIS V20 based 

on finite element method for construction and post construction phase?  

1.3 Purpose 

Based on the problem formulation that have been mentioned before, the 

purposes of the research are: 

1. Obtaining the factor of safety value of existing slope with internal angle of 25° 

using PLAXIS V20 based on finite element method for construction and post 

construction phase. 
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2. Obtaining the factor of safety value of existing slope with internal angle of 25° 

with reinforcement using PLAXIS V20 based on finite element method for 

construction and post construction phase. 

3. Obtaining the consolidation settlement value occurring on existing slope with 

internal angle of 25° with and without reinforcement using PLAXIS V20 based 

on finite element method for construction and post construction phase. 

4. Obtaining the factor of safety value of alternative internal angle of 20° using 

PLAXIS V20 based on finite element method for construction and post 

construction phase. 

5. Obtaining the factor of safety value of reinforced alternative internal angle of 

20° with geotextile reinforcement using PLAXIS V20 based on finite element 

method for construction and post construction phase. 

6. Obtaining the consolidation settlement value occurring on the alternative 

internal angle of 20° with and without geotextile reinforcement using PLAXIS 

V20 based on finite element method for construction and post construction 

phase.  

1.4 Advantage 

The advantages of this final project are as follows. 

1. To increase the knowledge of the readers regarding road embankment stability 

using geotextile reinforcement with fellenius method. 

2. To provide knowledge in the operation of the PLAXIS program. 

3. To be used as a reference for the future research on the same case. 

1.5 Limit  

For the writing of the final project to be structured, the following observation 

limits are made. 

1. The location of the research is on STA 5+325 of Tawang-Ngalang Segment IV 

Road and Bridge Construction in Gunungkidul districts, D.I. Yogyakarta. 

2. The data that will be used by the writer is the SPT value obtained by PT. 

Goemine Bara Studio. 

3. Drainage work is not analyzed. 
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4. The geotextile used is a woven UW-250 produced by PT.Teknindo Geosistem 

type with a tensile strength = 52 kN/m. 

5. Calculation is using Fellenius method to determine the safety factor of original 

soil embankment without geotextile reinforcement. 

6. Stability analysis of soil embankment using PLAXIS V20. 

7. The traffic load is 15 kN/m2 based on “Departemen Pekerjaan Umum tahun 

2009 about Requirement and Design Criteria of Road Techniques. 

8. The earthquake load 0,367 g based on earthquake zoning map. 

9.  Ground water surface is considered based on data obtained on field. 

10. Time and cost analyses is not calculated. 
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CHAPTER II 
LITERATURE REVIEW 

 

 

2.1 General Review 

In the world of civil engineering, an embankment is an artificial structure built 

by filling and compacting soil or other materials above the original ground surface. 

Its functions vary, it can be to elevate the surface of an area, form a road 

embankment or dam, or even flatten uneven land contours. According to Braja M. 

Das (1988), embankment is a mass of soil artificially placed and compacted above 

the original ground surface, with a specific purpose such as increasing elevation, 

improving subgrade conditions, or creating a supporting structure. 

2.2 Embankment Stability 

Arsy & Artati (2018) conducted research on “Embankment Stability Analysis 

on the Road Construction Using Geotextile Reinforcement with Fellenius Method”. 

This research aims to increase soil bearing capacity. The results of this study before 

use reinforcement obtained of three variations, such as variations in geotextile 

length are 10 m, 13 m and 15 m, variations in vertical distance between geotextiles 

are 0,3 m, 0,4 m and 0,6 m and slope angle variations are 19°, 25° and 29°. Safety 

factor from analysis result without reinforcement with Fellenius method manually 

is 1,786, while using Geoslope without earthquake is 1,947 and with earthquake is 

1,030. 

Budiasto & Purwanto (2018) conducted research on “Analysis of Road 

Embankment Stability with Geotextile Reinforcement Using PLAXIS Program”. 

This research aims to determine the cause of landslides slope before retrofitting and 

damage to the existing soil anchoring. The results of this study before use 

reinforcement obtained safe number and decrease for 200 days of road embankment 

at 2m, 4m, 6m, and 8m embankment height with a variation in modeling. Analysis 

of the stability of road embankment using the PLAXIS V.8.5 program at 2 m, 4 m, 

6 m, 8 m embankment with variations in modeling, original embankment 
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conditions, original replacement embankment, original embankment with 

geotextile, original replacement embankment with geotextile and original 

replacement embankment with geotextile and counterweight. On the original 

embankment condition 1,074 during construction, 1,002 after construction and a 

decrease of 0,009 m 

Isadono (2020) conducted research on "Analysis of Slope Stability Using 

Geotextile Reinforcement with PLAXIS 8.6 And Fellenius Method". This research 

aims to determine the safety factor toward failure and Marshland decrease number. 

The results of this study are in two steps, namely the first analysis is carried out at 

a variation of the water level of 20 m with variations in embankment height. The 

results of the analysis on the embankment with a height of 2,1 meters obtained a SF 

of 2,379 and a soil reduction by 0,986 meters. Embankment with a height of 4,2 

meters obtained a safety factor of 2,009 and a soil reduction of 0,127 meters. In the 

embankment with a height of 6,3 meters, a safety factor of 1,6919 and a soil 

reduction of 0,237 meters were obtained. Embankment with a height of 8,4 meters 

obtained a safety factor of 1,514 and a soil reduction of 0,20834 meters. 

embankment with a height of 10,5 meters collapsed. To be able to find out the safety 

factor of 10,5 meters embankment, the calculation was carried out using the 

fellenius method. The results of the fellenius calculation obtained a safety factor of 

0,946. The next step is to carry out the same analysis of 18m water level variations 

and analysis of the geotextile- reinforced. 

Afdhal (2018) conducted research on “Stability Analysis of Slope Road 

Embankments with Geotextile Reinforcement Using Geoslope 2018 Program in 

Tawang - Ngalang Segmen IV Highway Construction Project”. This research aims 

to determine Knowing the value of the existing slope safety factor with geotextile 

reinforcement using the Geoslope program. The result of the analysis using the 

2018 Geoslope program on the original slope embankment at an angle of 350 

obtained the safe number (SF) without earthquake loads during the first phase 

construction period of 3.638 > 1.5; the second phase of 1.759 > 1.5; the third phase 

was 1.396 < 1.5 and during post-construction it was 1.303 < 1.5. Meanwhile, on the 

original slope embankment at an angle of 350, the safe number (SF) with earthquake 
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loads during the first phase of construction gained 1.251 > 1.1; the second phase of 

0.729 <1.1; the third phase reached 0.674 < 1.1 and during post-construction 0.644 

< 1.1. 

Maulida (2023) conducted research on “Stability Analysis of Slope Road 

Embankment with Geotextile Reinforcement Using the Finite Element Method”. 

This research aims to determine Knowing the value of safety number (SF) and the 

amount of consolidation settlement on the original embankment slope, new corner 

embankment slope without reinforcement and with geotextile reinforcement using 

finite element method. The result of the analysis is Safety number value (SF) for 

the original embankment slope with an angle of 39° of the embankment 

construction periods up to 2,5 m 2,5265; embankment up to 5 m 1,8616; 

embankment up to 7 m 1,5425; and embankment up to 9 m 1,2846, during post-

construction the safety number (SF) of the original embankment slope win an angle 

39° was 1,1517 with a consolidation settlement of 0,1865 m. On the embankment 

slope with an angle of 34° during the construction period of the embankment up to 

2,5 m 2,7294; embankment up to 5 m 1,1978; embankment up to 7 m 1,6733; and 

embankment up to 9 m 1,3998; during post-construction, the safety number (SF) of 

the slope of the 34° corner embankment was 1,2340 with a consolidation settlement 

of 0,1645 m.  

 

2.3 Embankment stability with Geotextile 

Arsy (2018) conducted research under the theme of “Embankment Stability 

Analysis on the Road Construction Using Geotextile Reinforcement with Fellenius 

Method”. The safety factor of this research after using reinforcement from analysis 

result with Fellenius method manually on length variation with geotextile length of 

10 m, 13 m and 15 m obtained 2,339, 2,347 and 2,375, while using Geoslope 

without earthquake 2,497, 2,855 and 2,947, and with earthquake 1,304, 1,422 and 

1,448. Safety factors from analysis result using reinforcement with Fellenius 

method manually on vertical distance between geotextile variaton with number of 

Sv 0.3 m, 0.4 m and 0.6 m are 2,646, 2,347 and 2,059, using Geoslope without the 

earthquake 2,869, 2,855 and 2,758, while with earthquake 1,436, 1,422 and 1,405. 
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Safety factors from analysis result using reinforcement with Fellenius method 

manually on slope angle variation with angle of 19°, 25° and 29° are 2,440, 2,347 

and 2,355, using Geoslope without earthquake 2,930, 2,855 and 2,696, and with 

earthquake 1,423, 1,422 and 1,409. 

Budiasto (2018) conducted research on “Analysis of Road Embankment 

Stability with Geotextile Reinforcement Using PLAXIS Program”. From the 

analysis of the PLAXIS program, a safe number greater than the safe number 

required by 1,4 and a decrease of 2 m of original embankment conditions with 

geotextile 1,785 during construction, 1,452 after construction and a decrease of -

0,038 m, an original embankment replacement 0,5 m with geotextile 1,859 during 

construction, 1,529 after construction and a decrease of -0,038 m. The original 

embankment replacement 1 m with geotextile 2,065 during construction, 1,716 after 

construction and a decrease of -0,043 m. On the 4 m embankment of original 

embankment replacement 1 m condition with geotextile 1,645 during construction, 

1,512 after construction and a decrease of -0,005 m. On the 6 m embankment of 

original embankment replacement 1 m condition with geotextile 1,457 during 

construction, 1,410 after construction and a decrease of 0,045 m. On the 8 m 

embankment of original embankment replacement 1 m condition with geotextile 

and counterweight 1,504 during construction, 1.501 after construction and a 

decrease of 0.471 m. 

Isadono (2020) conducted research on "Analysis of Slope Stability Using 

Geotextile Reinforcement with PLAXIS 8.6 And Fellenius Method". The safety 

factors of this research in the analysis of the geotextile reinforced embankment, 

there is an increase in SF and a decrease in the number of soil settlement. For 

example, in the 20 m water Table embankment, the embankment with a height of 

2,1 meters obtained an SF of 3,2248 and a soil settlement of 0,0964 meters. The 

embankment with the height of 4,2 meters obtained a SF of 3,0511 and a soil 

settlement of 0,1609 meters. Embankment with a height of 6,3 meters obtained a 

SF of 2,5303 and a settlement. The results of the analysis on the embankment 

variation also improved the quality in terms of SF and soil settlement after being 

reinforced with geotextile. of 0,2308 meters. Embankment with a height of 8,4 
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meters obtained SF of 2,0385 and a decrease in soil by 0,32 meters. Meanwhile, the 

embankment with a height of 10,5 meters obtained a safety factor of 1,7528 and a 

soil settlement obtained of 0,423 meters. The results of the analysis on the 

embankment variation also improved the quality in terms of SF and soil settlement 

after being reinforced with geotextile. 

 Afdhal (2018) conducted research on “Stability Analysis of Slope Road 

Embankments with Geotextile Reinforcement Using Geoslope 2018 Program in 

Tawang - Ngalang Segmen IV Highway Construction Project”. This research aims 

to determine Knowing the value of the existing slope safety factor with geotextile 

reinforcement using the Geoslope program. The result of the analysis The output of 

manual calculations using the Fellenius method without an earthquake load, the safe 

number (SF) without an earthquake load recovered 1.335 <1.5. For embankments 

with a 320-angle slope with geotextile, the safe number (SF) without earthquake 

loads during the first phase of construction realized 4.094 > 1.5; the second phase 

of 2.797 > 1.5; the third phase attained 2.602 > 1.5 and during post-construction it 

was 2.566 > 1.5. Whereas on the 320-slope embankment with geotextile, the value 

of the safe number (SF) with earthquake loads during the first phase of construction 

attained 1.635 > 1.1; the second phase of 1.231 > 1.1; the third phase was 1.192 > 

1.1 and during post-construction it had 1.187 > 1.1. The yield of land subsidence 

that occurred on the original slope embankment at an angle of 350 achieved 0.0847 

m while slope embankment at an angle of 350 was 0.03 m. 

Maulida (2023) conducted research on “Stability Analysis of Slope Road 

Embankment with Geotextile Reinforcement Using the Finite Element Method”. 

This research aims to determine Knowing the value of safety number (SF) and the 

amount of consolidation settlement on the original embankment slope, new corner 

embankment slope without reinforcement and with geotextile reinforcement using 

finite element method. The result of the analysis is On the embankment slope with 

an angle of 34° with geoxtextile reinforcement during the construction period of the 

embankment up to 2,5 m 2,6458; embankment up to 5 m 2,4334; embankment up 

to 7 m 2,0975; and embankment up to 9 m 1,5981; during post-construction the 

safety number (SF) slope of the 34° corner embankment with geotextile 
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reinforcement was 1,3283 so that it was more than required by 1,3; and the resulting 

consolidated settlement of 0,1632 m. These results show that changing the slope 

angle of the embankment and geotextile reinforcement can increase the slope 

embankment safety number (SF). 
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Table 2. 1 Comparison Past and Present Research 

RESEARCHER Arsy (2018) Budiasto (2018) Isadono (2020) Afdal (2023) Maulida (2023) Syafe ie (2024) 

TITLE 

Embankment Stability 
Analysis on the Road 
Construction Using 
Geotextile Reinforcement 
with Fellenius Method 

Analysis of Slope Stability 
Using Geotextile 
Reinforcement with 
PLAXIS 8.6 And Fellenius 
Method 

Analysis of Slope 
Stability Using 
Geotextile 
Reinforcement with 
PLAXIS 8.6 And 
Fellenius Method 

Stability Analysis of 
Slope Road 
Embankments with 
Geotextile 
Reinforcement Using 
Geoslope 2018 
Program in Tawang - 
Ngalang Segmen IV 
Highway 
Construction Project 

Stability Analysis of 
Slope Road 
Embankment with 
Geotextile 
Reinforcement Using 
the Finite Element 
Method 

Analysis of Slope 
Stability Using 
Geotextile 
Reinforcement with 
PLAXIS and 
Fellenius Method 
 

PURPOSE 

Increasing soil bearing 
capacity 

Determining the safety 
factor toward failure and 
Marshland decrease number 

Determining the safety 
factor toward failure 

Knowing the value of 
the existing slope 
safety factor with 
geotextile 
reinforcement using 
the Geoslope 
program. 

Knowing the value of 
safety number (SF) 
and the amount of 
consolidation 
settlement on the 
original embankment 
slope, new corner 
embankment slope 
without 
reinforcement and 
with geotextile 
reinforcement using 
finite element 
method. 

Determining the 
safety factor and the 
amount of 
settlement on road 
embankment with 
alternative 
embankment. Also, 
the variation of 
geotextile used. 

 Source: Arsy & Artati (2018), Budiasto & Purwanto (2018), Isadono (2020), Afdhal (2023), Maulida (2023), Syafei’e (2024) 
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Continuation of Table 2.1 Comparison Past and Present Research 

METHOD 

Geotextile Reinforcement 
with Fellenius Method 

PLAXIS 8.6 And Fellenius 
Method 

Geotextile 
Reinforcement with 
PLAXIS 8.6 And 
Fellenius Method 

Analysis using 
Geoslope program for 
the stability of the 
safe number of 
existing slopes with 
geotextile 
reinforcement. 

The analysis used the 
finite element method 
with the help of the 
PLAXIS 8.6 program 
to find the safe 
number (SF) of the 
embankment slope 
and the consolidation 
settlement that will 
occur. 

PLAXIS program 
And Fellenius 
Method 

RESULT 

The safety factor of this 
research after using 
reinforcement from analysis 
result with Fellenius 
method manually on length 
variation with geotextile 
length of 10 m, 13 m and 15 
m obtained 2,339, 2,347 and 
2,375, while using 
Geoslope without 
earthquake 2,497, 2,855 and 
2,947, and with earthquake 
1,304, 1,422 and 1,448. 
Safety factors from analysis 
result using reinforcement 
with Fellenius method 
manually on vertical 
distance between geotextile 
variaton with number of Sv 
0.3 m, 0.4 m and 0.6 m are 
2,646, 2,347 and 2,059,  

a safe number greater than 
the safe number required by 
1,4 and a decrease of 2 m of 
original embankment 
conditions with geotextile 
1,785 during construction, 
1,452 after construction and 
a decrease of -0,038 m, an 
original embankment 
replacement 0,5 m with 
geotextile 1,859 during 
construction, 1,529 after 
construction and a decrease 
of -0,038 m. The original 
embankment replacement 1 
m with geotextile 2,065 
during construction, 1,716 
after construction and a 
decrease of -0,043 m. On 
the 4 m embankment of 
original embankment  

The safety factors of this 
research in the analysis of 
the geotextile reinforced 
embankment, there is an 
increase in SF and a 
decrease in the number of 
soil settlement. For 
example, in the 20 m 
water Table 
embankment, the 
embankment with a 
height of 2,1 meters 
obtained an SF of 3,2248 
and a soil settlement of 
0,0964 meters. The 
embankment with the 
height of 4,2 meters 
obtained a SF of 3,0511 
and a soil settlement of 
0,1609 meters. 
Embankment with a  

The results of the 
analysis using the 
2018 Geoslope 
program on the 
original slope 
embankment at an 
angle of 350 obtained 
the safe number (SF) 
without earthquake 
loads during the first 
phase construction 
period of 3.638 > 1.5; 
the second phase of 
1.759 > 1.5; the third 
phase was 1.396 < 1.5 
and during post-
construction it was 
1.303 < 1.5. 
Meanwhile, on the 
original slope 
embankment at an on  

Safety number value 
(SF) for the original 
embankment slope 
with an angle of 39° 
of the embankment 
construction periods 
up to 2,5 m 2,5265; 
embankment up to 5 
m 1,8616; 
embankment up to 7 
m 1,5425; and 
embankment up to 9 
m 1,2846, during 
post-construction the 
safety number (SF) of 
the original 
embankment slope 
win an angle 39° was 
1,1517 with a 
consolidation 
settlement of 0,1865  

 

Source: Arsy & Artati (2018), Budiasto & Purwanto (2018), Isadono (2020), Afdhal (2023), Maulida (2023), Syafei’e (2024) 
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Continuation of Table 2.1 Comparison Past and Present Research 

RESULT 

using Geoslope without the 
earthquake 2,869, 2,855 and 
2,758, while with 
earthquake 1,436, 1,422 and 
1,405. Safety factors from 
analysis result using 
reinforcement with 
Fellenius method manually 
on slope angle variaton with 
angle of 19°, 25° and 29° 
are 2,440, 2,347 and 2,355, 
using Geoslope without 
earthquake 2,930, 2,855 and 
2,696, and with earthquake 
1,423, 1,422 and 1,409. 

replacement 1 m condition 
with geotextile 1,645 during 
construction, 1,512 after 
construction and a decrease 
of -0,005 m. On the 6 m 
embankment of original 
embankment replacement 1 
m condition with geotextile 
1,457 during construction, 
1,410 after construction and 
a decrease of 0,045 m. On 
the 8 m embankment of 
original embankment 
replacement 1 m condition 
with geotextile and 
counterweight 1,504 during 
construction, 1.501 after 
construction and a decrease 
of 0.471 m. 

height of 6,3 meters 
obtained a SF of 2,5303 
and a settlement. The 
results of the analysis on 
the embankment 
variation also improved 
the quality in terms of SF 
and soil settlement after 
being reinforced with 
geotextile. of 0,2308 
meters. Embankment 
with a height of 8,4 
meters obtained SF of 
2,0385 and a decrease in 
soil by 0,32 meters. 
Meanwhile, the 
embankment with a 
height of 10,5 meters 
obtained a safety factor of 
1,7528 and a soil 
settlement obtained of 
0,423 meters. The results 
of the analysis on the 
embankment variation 
also improved the quality 
in terms of SF and soil 
settlement after being 
reinforced with 
geotextile. 

angle of 350, the safe 
number (SF) with 
earthquake loads 
during the first phase 
of construction gained 
1.251 > 1.1; the 
second phase of 0.729 
<1.1; the third phase 
reached 0.674 < 1.1 
and during post-
construction 0.644 < 
1.1. The output of 
manual calculations 
using the Fellenius 
method without an 
earthquake load, the 
safe number (SF) 
without an earthquake 
load recovered 1.335 
<1.5.For 
embankments with a 
320-angle slope with 
geotextile, the safe 
number (SF) without 
earthquake loads 
during the first phase 
of construction 
realized 4.094 > 1.5; 
the second phase of 
2.797 > 1.5; the third  

m. On the 
embankment slope 
with an angle of 34° 
during the 
construction period of 
the embankment up to 
2,5 m 2,7294; 
embankment up to 5 
m 1,1978; 
embankment up to 7 
m 1,6733; and 
embankment up to 9 
m 1,3998; during 
post-construction, the 
safety number (SF) of 
the slope of the 34° 
corner embankment 
was 1,2340 with a 
consolidation 
settlement of 0,1645 
m. On the 
embankment slope 
with an angle of 34° 
with geoxtextile 
reinforcement during 
the construction 
period of the 
embankment up to 2,5 
m 2,6458; 
embankment up to 5  

 

Source: Arsy & Artati (2018), Budiasto & Purwanto (2018), Isadono (2020), Afdhal (2023), Maulida (2023), Syafei’e (2024) 
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Continuation of Table 2.1 Comparison Past and Present Research 

RESULT 

   phase attained 2.602 > 
1.5 and during post-
construction it was 
2.566 > 1.5. Whereas 
the 320-slope 
embankment with 
geotextile, the value 
of the safe number 
(SF) with earthquake 
loads during the first 
phase of construction 
attained 1.635 > 1.1; 
the second phase of 
1.231 > 1.1; the third 
phase was 1.192 > 1.1 
and during post-
construction it had 
1.187 > 1.1. The yield 
of land subsidence 
that occurred on the 
original slope 
embankment at an 
angle of 350 achieved 
0.0847 m while slope 
embankment at an 
angle of 350 was 0.03 
m. 

m 2,4334; 
embankment up to 7 
m 2,0975; and 
embankment up to 9m 
1,5981; during post-
construction the 
safety number (SF) 
slope of the 34° 
corner embankment 
with geotextile 
reinforcement was 
1,3283 so that it was 
more than required by 
1,3; and the resulting 
consolidated 
settlement of 0,1632 
m. These results show 
that changing the 
slope angle of the 
embankment and 
geotextile 
reinforcement can 
increase the slope 
embankment safety 
number (SF). 

 

Source: Arsy & Artati (2018), Budiasto & Purwanto (2018), Isadono (2020), Afdhal (2023), Maulida (2023), Syafei’e (2024) 
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CHAPTER III 
BASIC THEORIES 

 
 
 
3.1 Soil 

From the perspective of civil engineering, the soil consists of a loose 

combination of organic matter, minerals, and sediments on top of bedrock. 

Carbonates, organic debris, or oxides that settle in between the particles can be the 

reason for the relatively weak connections between grains. Either water, air, or both 

may be present in the voids between the particles. Soil is created by weathering 

rocks and other geological processes close to the earth's surface. Soil can originate 

from its parent rock by either a physical or chemical process. The processes of 

erosion, wind, water, ice, human beings, and weather-related changes that destroy 

soil particles are the causes of physical soil formation, which breaks down rocks 

into smaller pieces. Particles may be in rounded, jagged or any forms in between 

those two. In general, oxygen, carbon dioxide, water (especially that which contains 

acids or alkalis), and other chemical processes can all affect chemical weathering. 

Soil that has weathered and is still in its original location is referred to as residual 

soil, and soil that has moved is referred to as transported soil (Hardiyatmo, 2002). 

3.1.1 Soil Properties 

Based on the volume weight of soil, soil types are divided into three 

conditions,  dry soil, saturated soil, and unsaturated soil. Those type are differentiate 

by the materials inside it. Dry soil consist of two materials which are grain and air 

(Hardiyatmo, 2002). Saturated soil also consist of two materials, grain and water. 

While unsaturated soil consist of three materials, grain, water, and ait. The 

illustration of each condition can be seen in Figure 3.1 below.  
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Figure 3. 1 Soil Conditions 

 (Source: Panguriseng, 2018) 
 

Each soil elements (Grain, water, air), has its own volume and weight. The 

description of the soil parameter can be seen in Figure 3.2 below.  

 

Figure 3. 2 Diagram of Soil Phase 

(Source: Hardiyatmo, 2002) 

 

 Based on the soil phase diagram above, some relations can be formulated in 

Equation 3.1, Equation 3.2, Equation 3.3, and Equation 3.4 below: 

a. Weight of soil  (W) = Ws + Ww   (3.1) 

b. Volume of pore  (Vv) = Vw + Va   (3.2) 

c. Volume of soil  (V) = Vs + Vw + Va  (3.3) 

    (V) = Vs + Vv   (3.4) 

Description: 

(a)Soil 
(grain+pore) 

(b)Saturated Soil 
(grain+water) 

(c)Dry Soil 
(grain+air) 

(d)Unsaturated Soil 
(grain+water+air) 
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W = total weight of soil 

Wa = weight of air = 0 (ignored) 

Ww = weight of water 

V = total volume of soil 

Va = volume of air 

Vw = volume of water 

Vv = volume of pore 

Vs = volume of grain 

 

Other than those parameters mentioned above, some soil parameters below, will be 

used for slope stability analysis both static as well as Finite Element Method (FEM). 

1. Bulk unit weight (𝛾b) 

Bulk unit weight is the ratio of the total weight of soil grain (W) to the total 

volume of soil (V). It can be formulated as follows: 

𝛾b =
𝑊

𝑉
         (3.5) 

2. Dry unit weight (𝛾d)  

Dry unit weight is the ratio of solid grain weight (Ws) to the total volume of soil 

(V). It can be formulated in Equation 3.6 as follows: 

𝛾d =
𝑊𝑠

𝑉
         (3.6) 

3. Saturated unit weight (𝛾sat)  

Saturated unit weight is the ratio of solid grain weight (Ws) to the volume of 

solid grain (Vs). It can be formulated in Equation 3.7 as follows: 

𝛾sat =
𝑊𝑠

𝑉𝑠
         (3.7) 

Determining the unit weight of soil (γ) and the saturated unit weight (𝛾sat), can 

be seen in the Table 3.1.  

 

Table 3. 1 Unit Weight of Soil Value 

No Soil type  γsat (kN/m3) γd (kN/m3) 

1 Gravel 20 - 22 15 – 17 

2 Sand 18 – 20  13 – 16 
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Continuation Table 3.1 Unit Weight of Soil Value 

3 Silt 18 – 20  14 – 18 

4 Clay 16 - 22 14 – 21 

(Source: Budhu, 2015) 

4. Elastic modulus 

Elastic modulus or also known as Young’s modulus generally represents the 

material stiffness of certain materials from the ratio of stress to strain. In 

geotechnical engineering, elastic modulus is used to determine the behaviour of 

various soil types. This value can be obtained through undrained triaxial test on 

the laboratory or empirically through boring data as can be seen on the Table 3.2 

below. 

 

Table 3. 2 Elastic Modulus of Different Soil Type 

Soil type Es (kN/m2) 
Clay 

Very soft 300 – 3000 
Soft 2000 – 4000 

Medium 4500 – 9000 
Hard 7000 – 20000 

Sandy 30000 – 42500 
Sandy 

Silty 5000 – 20000 
Not dense 10000 – 25000 

Dense 50000 – 100000 
Sand and Gravel 

Dense 80000 – 200000 
Not dense 50000 – 140000 

Silt 2000 – 20000 
Loess 15000 – 600000 
Shale 140000 - 1400000 

 

5. Poisson ratio (v) 

Poisson ratio is the ratio of lateral and longitudinal strain caused by lateral load. 

This parameter can be obtained by triaxial test on laboratory. The Table of 

poisson ratio can be seen in the Table 3.3 below. 
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Table 3. 3 Poisson Ratio 

Soil type v 
Saturated clay 0,4 – 0,5 
Unsaturated clay 0,1 – 0,3 
Sandy loam 0,2 – 0,3 
Silt 0,3 – 0,35 
Dense sand 0,2 – 0,4 
Coarse sand (Pore number, e = 0.4-0.7) 0,15 
Fine sand (Pore number, e = 0.4 - 0.7) 0,25 
Stone (depending on type) 0,1 – 0,4 
Loose 0,1 – 0,3 

 

6. Cohesion 

Cohesion on soil can be defined as the tensile strength among soil particles. 

Other than internal friction angle, cohesion is also one of the factors that 

determines the soil resistance towards deformation due to the soil movement on 

lateral direction. This parameter can be taken from Triaxial Test and Direct Shear 

Test. The table of cohesion can be seen in the Table 3.4 below. 

 

Table 3. 4 Cohesion 
Soil 

Condition 
Soil Type c' (kN/m2) 

Poor 
Soft and stiff clay with medium to high plasticity; silty clay; loose 
variable clay fill; loose sandy silt 

0 - 5 

Medium 
Stiff sandy clay; gravelly clay; compacted clayey sand; sandy silt; 
compacted clay fill 

0 - 10 

Good 
Gravelly sand; compacted sand; gravel and crushed sandstone fill; 
well-graded compacted sand 

0 - 5 

Very 
Good 

Weakly weathered stone; controlled road base course fill; gravel 
and recycled concrete 

0 - 25 

(Source: Bowles, 1996) 

 

7. Internal friction angle 

As has been mentioned above, internal friction angle plays vital role in soil 

tensile strength. It is a critical factor that contributes to soil resistance towards 

soil lateral load. To put on a more detailed explanation, the relation between soil 

type and internal friction angle can be seen on the Table 3.5 below.   
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Table 3. 5 Internal Friction Angle 

Soil 
Condition 

Soil Type  𝜑′ (º) 

Poor 
Soft and stiff clay with medium to high plasticity; silty clay; loose 
variable clay fill; loose sandy silt 

17 - 25 

Medium 
Stiff sandy clay; gravelly clay; compacted clayey sand; sandy silt; 
compacted clay fill 

26 – 32 

Good 
Gravelly sand; compacted sand; gravel and crushed sandstone fill; 
well-graded compacted sand 

32 – 37 

Very Good 
Weakly weathered stone; controlled road base course fill; gravel and 
recycled concrete 

36 - 43 

(Source: Bowles, 1996) 

8. Permeability 

Physically, a soil consists of soil and void, this parameter will determine the 

speed of water penetrating through soil sample. This parameter will be applied 

as a coefficient. It plays essential role to help solving settlement issues on 

structures.  The value of permeability coefficient can be obtained by conducting 

falling head, constant head test method, and also triaxial method on laboratory.  

The Table of permeability can be seen in the Table 3.6 below. 

 

Table 3. 6 Permeability 

Soil Type 
k 

cm/s 

Fine Gravel 1 - 100 

Coarse Sand 1 - 0,01 

Fine Sand 0,01 - 0,001 

Silt 0,001 - 0,00001 

Clay <0,000001 

(Source: Bowles, 1996) 

3.1.2 Soil Classification 

Soil Classification System is a systematic classification system of soil types 

with similar properties into groups and sub-groups based on their use (Das, 1995). 

The systematic categorization of soils into distinct groups, based on shared physical 

and chemical properties, facilitates the comprehension, utilization, and 

differentiation of various soil types. This organization serves as a critical foundation 

for informed decision-making in engineering and construction projects. 
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The purpose of the soil classification system is to provide information on the 

characteristics and physical properties of soils that are useful for detailed studies of 

soil conditions as well as the needs of the engineer in determining technical 

properties such as compaction characteristics, soil strength, and specific gravity 

(Bowles, 1996). By finding out the soil classification, the soil behaviour will be 

known and the proper maintenance process of the upper structure will be 

discovered. There are several systems for classifying soils, but the most used 

systems are Unified Soil Classification System (USCS) and (American Association 

of State Highway and Transportation Officials) AASHTO. 

1. USCS Classification Method  

In 1942, Arthur Casagrande developed the Unified Soil Classification method, 

which was subsequently adopted by the Army Corps of Engineers and the 

Bureau of Reclamation for regular usage. Casagrande first developed the method 

for airport building during the war, and in 1948 he published a report on it. It is 

currently modified and updated on a regular basis in ASTM (designation D 

2487). Geotechnical engineers most frequently utilise this classification system. 

The soil classification based on USCS, the soil is divided into 2 categories: 

a. Coarse-grained soils 

In this category consists of gravel and sand which less than 50% of the soil 

passes the No. 200 sieve (F200 < 50).  

b. Fine-grained soils 

In this category with more than 50% passing through the No. 200 sieve (F200 

≥ 50). 

There are symbols used in USCS: 

G = gravel 

S = sand 

C = anorganic clay 

M = anorganic silt 

O = organic silt and organic clay 

Pt = peat 

W = well-graded 
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P = poorly-graded 

H = high-plasticity 

L = low-plasticity 

Soil classification system of the USCS, can be seen in the Table 3.4 below. 

Table 3. 7 Unified Soil Classification System 

 
(Source: Hardiyatmo, 2002) 

 
2.  AASHTO Classification Method 

The AASHTO soil classification system is used to determine soil suitability for 

soil works, embankments, and roadbed materials which are subgrade, subbase, 

and base. The soils are categorized into eight groups, A-1 to A-7, with the 
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additional category A-8 for peat or muck. The soils with higher quality have 

smaller numbers, but the soil types in group A-3 have better material for road 

subgrades than the soils in group A-2. The AASHTO classification can be seen 

in the Table 3.5 below. 

 

Table 3. 8 AASHTO classification 

 

(Source: Hardiyatmo, 2002) 

 

3.2 Soil Investigation 

Soil investigation is an activity used to determine the condition of the soil 

surface and subsurface lithology as well as physical and mechanical parameters of 

the soil through laboratory tests. This series of activities is divided into three 

sequential stages, namely Geoelectric Measurement, Soil Investigation and 

Laboratory Testing. based on the results of soil investigation used as the basis for 

planning and construction of a building structure. 

Geoelectric measurement is a geophysical measurement method that is often 

used in groundwater and subsurface lithology (rock) investigations. This method 
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has relatively good and representative results and depends on the resistivity value 

of the rock. The results of this method make it possible to model the subsurface 

showing high or low rock resistivity values.  

Soil investigation is a comprehensive soil investigation activity, intended to 

provide information about soil conditions, soil and rock layers, soil types, 

groundwater Table, soil layer structure, and other information for foundation 

planning.  

 

3.3 Soil Embankment Load 

Based on the SNI (8460:2017) about the requirement of geotechnical design, 

there are live load, dead load, and earthquake load. Below, the loading will be 

specified as pavement load as dead load, traffic load as live load, while for 

earthquake load stays the same.  

 

3.3.1 Pavement Load 

Pavement according to Sukirman (2010) is the layer of pavement that is 

located between the wheels of a vehicle and the subgrade. The road pavement serves 

to provide transport services and is expected not to experience significant damage 

during the period of use. Based on the binder material, pavement divide into 3 types, 

there are rigid pavement, flexible pavement, and composite pavement. The analysis 

procedure there are various pavement loads that are considered: 

1. Thickness of rigid pavement, 

2. Thickness of lean concrete, 

3. Thickness of aggregate, 

4. Pavement load. 
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3.3.2 Traffic load 

Stability analysis is conducted by considering the traffic load. Traffic loads 

are uniform loads that must be taken into consideration on the entire width of the 

embankment surface. The traffic load can be seen in the Table 3.6 below. 

Table 3. 9 Traffic Load 

Network System Road Function LHR 
Traffic Load 

(kN/m2) 

Primer 

Arteries All 15 

Collector 
>10.000 15 

<10.000 12 

Second 

Arteries 
>20.000 15 

<20.000 12 

Collector 
>6.000 12 

<6.000 10 

Local 
>500 10 

<500 10 

(Source: Direktorat Bina Marga, 2017) 

 

3.3.3 Earthquake load 

Earthquake loads are loads caused by earthquakes that impact on a structure 

because of ground motions. The effect of earthquake load is considered in the 

planning of slope embankment that built in the area of settlement or involved in 

strategic importance criteria (SNI, 1726:2019). Planning is carried out to anticipate 

the collapse of transportation lane after the earthquake. The dynamic load of 

earthquake can increase the shear stress of slope, decrease the shear strength of soil, 

and decrease soil pore volume. Therefore, earthquake load can affect the slope 

stability because that load can affect the horizontal dynamic stress and vertical 

dynamic stress. Each region has its own earthquake value. So, earthquake zoning 

map will be used in designing the earthquake load based on the assigned area.  The 

map can be seen in Figure 3.3. 
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Figure 3. 3 Earthquake Zoning Map 

(Source: SNI, 1726:2019) 

 
3.4 Slope Stability  

Slope is a soil surface that form particular tilt angle towards horizontal bodies. 

Slope can be formed by the natural geological process and also man-made. Slope 

that experience failure technically will automatically lose its stability due to the low 

safety factor (Soepandji, 1995). Therefore, slope stability is an important factor in 

cut and fill work, the rocks and excavation materials, which refers to the 

occupational health and safety of the labour and the succession of the works. Slope 

stability analysis is aimed to determine the safety factor.  

As for the factors affecting the stability are soil condition, shear stress, water 

seepage flow, etc. Gravitational forces and seepage flow tend to create instability 

on natural slope, excavated slope, embankment slope, and also on soil dam. Based 

on its form, there are some types of slope failure. They are:  

1. Flat failure (translation) 

Flat failure as known as translational failure is the simplest type of failure. This 

failure is caused by the movement of soil and rock masses on the sloping layer 

(Hardiyatmo, 1992). Flat failure can be seen in Figure 3.4 below. 
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Figure 3. 4 Flat Failure 

(Source: Hardiyatmo, 2002) 
 
 

2. Rotation failure 

Rotation failure is characterised by the curvilinear slope and rotation 

movement. The main causes of rotation failure are seepage forces of 

groundwater or increasing the slope in the residual soil. In this failure are 

globally that involving large masses of soil. Typically, it will be followed by 

smaller failure in the mass of moving soil (Hardiyatmo, 1992). The rotation 

failure can be seen in Figure 3.5 below. 

 

Figure 3. 5 Rotation Failure 

(Source: Hardiyatmo, 2002) 
 
 

3. Irregular failure  

Irregular failure is a combination between flat failure and rotation failure. It 

can be categorized by other forms not of these two failures. This failure occurs 

in heterogeneous soil and have multiple different soil layers on the same slope. 

Irregular failure can be seen in Figure 3.6 below.  
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Figure 3. 6 Irregular failure 

(Source: Hardiyatmo, 2002) 
 
 

3.4.1 Safety Factor 

The purpose of stability analysis of slope is to determine the safety factor of 

potential collapsed body. Based on Hardiyatmo (1992) there are some explanations 

made in terms of slope stability. They are:  

1.  Slope failure can occur across the particular collapse body surface and can 

be assumed as two-dimensional bodies problem.  

2. The collapsed mass is assumed as a massive object,  

3. Moving soil from the soil mass on every spot along the failure bodies is not 

depend on the orientation of potential collapsed body, and the average of soil 

shear force along the surface of the collapsed object, 

4. Safety factor is defined by showing the average shear stress across the 

potential collapse body, and the average shear force of soil along the collapse 

surface.  

Stability of the slope itself is represented by the Safety Factor (SF) value.  The 

value of safety factor, that is required by the Departemen Pekerjaan Umum can be 

seen in the Table 3.10 and Table 3.11.  
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Table 3. 10 Recommendation for safety factor of slope 

Costs and consequences of slope failure 
The level of uncertainty of the analysis 

conditions 

Lowa Highb 

Repairing costs are worth the additional costs of 
designing more conservative slopes 

1,25 1,5 

Repairing costs outweigh the additional costs of 
designing more conservative slopes 

1,5 2,0 or more 

a. The level of uncertainty in the analysis conditions is categorized as low, if the geological 
conditions can be understood, the soil conditions are uniform, the soil investigation is 
consistent, complete, and logical to the conditions in the field. 
b. The level of uncertainty in the analysis conditions is categorized as high, if the geological 
conditions are very complex, soil conditions vary, and soil investigations are  

(Source: SNI, 8460:2017) 

 

Table 3. 11 Safety Factor of Slope 

safety factor slope status 
failure 

intensity 

SF<1,07 unstable slope unstable class 

1,074≤SF≥1,25 critical slope critical class 

SF>1,25 relatively stable slope stable class 

(Source: Bowles, 1996)  

3.4.2 Fellenius Method 

Fellenius method is introduced by Fellenius (1927) used to analyse the 

stability of slope. Based on Hardiyatmo (1992), Fellenius method assume the forces 

on the right and left sides acting from any intersection of slope has to be zero 

resultant in the direction perpendicular to the landslide. By assuming this, vertical 

force equilibrium and other forces considering the pore water pressure. The 

modelling of fellenius method can be seen in Figure 3.7 below. 
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Figure 3. 7 Modelling of Fellenius Method 

(Source: Hardiyatmo, 2002) 

Based on the modelling and the concept of Fellenius method, some relations can 

be formulated in Equation 3.8 below. 

𝑁𝑖 + 𝑈𝑖 = 𝑊𝑖 cos 𝜃       

Or 

𝑁𝑖 = 𝑊𝑖 cos 𝜃 − 𝑈𝑖       

      = 𝑊𝑖 cos 𝜃 − 𝑈𝑖.ai     (3.8) 

Safety factor can be identified as, 

𝐹𝑆 =
𝑡𝑜𝑡𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑠𝑠 𝑜𝑛 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑏𝑜𝑑𝑦

𝑡𝑜𝑡𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑚𝑎𝑠𝑠
    

𝐹𝑆 =
∑𝑀𝑟

∑𝑀𝑑
  

The moment arm of the soil mass of each intersection is R sin θ can be seen in 

Equation 3.9.  

∑𝑀𝑑 = 𝑅 ∑ 𝑊𝑖 𝑠𝑖𝑛𝜃𝑖𝑖=𝑛
𝑖=1      (3.9) 

With:  

 R = radius of failing body 

n = total of intersection 

Wi = weight of intersection soil on-i  (kN) 

𝜃i = define angle 
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Using the same step, the moment that hold the soil before failing, can be seen in 

Equation 3.10 below. 

∑𝑀𝑟 = 𝑅 ∑ (𝑐𝑎𝑖 + 𝑁𝑖 𝑡𝑔𝜑𝑖=𝑛
𝑖=1 )    (3.10) 

So, the safety factor formula can be seen in Equation 3.11 below, 

𝐹𝑆 =
∑ (𝑐𝑎𝑖+𝑁𝑖 𝑡𝑔𝜑𝑖=𝑛

𝑖=1 )

∑ 𝑊𝑖 𝑠𝑖𝑛𝜃𝑖=𝑛
𝑖=1 𝑖

      (3.11) 

With: 

FS = safety factor 

c = cohesion (kN/m2) 

𝜑 = friction angle (degree) 

𝑎i = length of curve circle on-i intersection ( m) 

𝑊i = weight of intersection soil on-i  (kN) 

𝑈i = pore water pressure of intersection on-i 

𝜃i = define angle (degree) 

If there are forces other than the weight of the soil, such as buildings on a 

slope, the moment due to this load is calculated as Md. 

 

3.5 Slope Reinforcement Using Geotextile 

Ideally, slopes must fulfil particular safety factor in order to ensure its 

stability in a short as well as long term. So, if the slopes have low stability level, 

then reinforcement have to be installed to protect the slopes from factors that can 

lead to failing, such as erosion and collapsing. One of the reinforcement methods 

for slopes is geotextile, which is used in this research.  

Geotextile is commonly used for base soil reinforcement on pavement 

structures. It is also used for road embankment stabilisation located on the soft soil 

foundation. Installation of geotextile is functioned as separator between soil layers, 

also as reinforcement to increase the bearing capacity of base soil by the soil 

composite strength with geotextile (Rasdi, 2021). The materials used in creating 

geotextile are thread and polymer fibre, such as polyester (PET), polyamide (PM), 

polypropylene (PP), and polyethylene (PE).  
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3.5.1 Geotextile type  

Generally, based on the method used, geotextile is divided into two types. 

They are woven geotextile and nonwoven geotextile. The explanation of those types 

can be seen below.  

1. Woven geotextile 

This type of geotextile has bigger tensile strength compare to the nonwoven one. 

The structure of this geotextile is similar to rice sack made of woven synthetic 

fibers with protection from ultra violet and black in colour. This geotextile is 

functioned as stabilisation of base soil, especially for soil so the soil can be 

layered and not experiencing consolidation. 

Woven geotextile is not easily broken or teared during the installation on field. 

The double twist structure will ensure the compression stress up to 40 kN/m 

while used as separator or separating layer. Because, this function will be 

disturbed if the material is teared or broken. The woven geotextile can seen in 

Figure 3.8 below. 

 

Figure 3. 8 Woven Geotextile 

2. Nonwoven geotextile  

Nonwoven geotextile is made by sewing but the tissue or fibres is glued with 

one another by tying or using adhesive. The material used for this type of 

geotextile is made of polymer material polyester (PET) or polypropylene (PP). 

some function of nonwoven geotextile can be seen below.  
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a. Separator  

To prevent the contamination between one material to another this type of 

geotextile will be used. On the construction of soft soil type, nonwoven 

geotextile can prevent the rising of mud into the pavement system and also 

from the pumping effect that can destroy the road pavement. Therefore, 

geotextile can help compacting process of pavement system.  

b. Filter  

By having permeable behaviour, nonwoven geotextile is aimed to prevent 

soil particles to be carried out by the water flow. The application of this 

geotextile is usually used as filter on underground drainage project.  

c. Stabilator   

This function is also known as reinforcement function. Nonwoven geotextile 

can be seen on the Figure 3.9.  

 

Figure 3. 9 Non-Woven Geotextile 
 

3.5.2 Working Mechanism of Geotextile on field 

The use of geotextile reinforcement on road construction project can help to 

prevent the local collapse on soft soil that have low bearing capacity. When the soil 

and geotextile are combined, the soil composite material that is reinforced will 

create high compressive and tensile strength, so the forced and deformation acting 

on there can be handled. Besides, geotextile is used to stabilize steep slope (700) 

and increase the safety factor. The working mechanism of geotextile on field. Can 

be seen in Figure 3.10 below. 
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Figure 3. 10 Working Mechanism of Geotextile on Field 
 

3.5.3 Slope Stability Analysis Using Geotextile 

Slope stability analysis with reinforcement consist of two stability analysis, 

internal and external stability analysis. External stability consists of stability 

towards shears, rolls, eccentricity, and soil bearing capacity. While internal stability 

consists of stability towards internal forces that is calculated towards the length of 

geotextile (overlapping) and effective geotextile length. Each type of analysis will 

be explained below.  

1. Internal stability 

Horizontal stress of soil is caused by the stress of the soil itself and the stress 

due to the load acting on the soil.  

The formula of coefficient of active soil can be seen in Equation 3.12. 

Ka = tan2 (45ᵒ
𝜑

2
)      (3.12) 

Where: 

𝐾𝑎 = coefficient of active soil 

𝜑 = shear angle (ᵒ) 

Then, the Equation of horizontal stress of soil can be seen in Equation 3.13. 

𝜎ℎ𝑐 = q. Ka +  Ka . Hi. γ     (3.13) 

Description: 

𝜎ℎ𝑐 = horizontal stress of soil (kN/m2) 

𝑞 = uniform load (kN/m) 

𝐻𝑖 = height of observed land referring to soil surface (m) 

𝛾 = unit weight of soil (kN/m2) 
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To find the vertical distance between geotextile (Sv) can be seen in the 

Equation 3.14. 

Sv = (
𝑇𝑎𝑙𝑙

𝜎ℎ𝑐.  𝑆𝐹
)       (3.14) 

Where: 

Sv = thickness of reinforcement layer (m) 

𝑇all = allowable tensile strength of reinforcement material (kN/m2) 

SF = safety factor 

 Analyzing the length of geotextile and failure body using angle of failure 

(45ᵒ
𝜑

2
), can be seen in fgure 3.11. 

 
Figure 3. 11 Failure Body and Length of Geotextile 

(Source: Suryolelono, 1993) 
 

The largest length of geotextile in each zone is obtained from the calculation 

of the geotextile length (L) which corresponds to the results of the calculation of 

the geotextile vertical distance (Sv). The Equation of vertical soil stress can be seen 

in Equation 3.15. 

𝜎𝑣 = γ. Hi        (3.15) 

Where: 

𝜎v = vertical soil stress 

𝛾 = unit weight of soil (kN/m2) 

𝐻i = height of observed land referring to soil surface (m) 

 For the length of geotextile in failure area, using the Equation 3.16. 
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LR= (
𝐻−𝑍𝑖

tan (45+
𝜑

2⁄
)       (3.16) 

Description: 

LR = length of geotextile on active failure area (m) 

H = height of soil embankment (m) 

Zi = height of observed land referring to soil surface (m) 

𝜑 = internal shear angle  (ᵒ) 

 For the calculation of the length of geotextile as an anchor, using the 

Equation 3.17.  

Lc=
1

𝛽

𝑇𝑎𝑙𝑙

(c+σv.tan𝜑)
       (3.17) 

Description: 

Lc = length of geotextile as an anchor (m) 

𝑇all = allowable tensile strength of reinforcement material (kN/m2) 

𝛽 = coefficient of soil interface to geotextile (used 0,67) 

c = cohession (kN/m2) 

𝜑 = internal shear angle  (ᵒ) 

The total length of geotextile can be calculate using Equation 3.18. 

Ltot = LR+ Lc        (3.18) 

Where: 

LR = length of geotextile on active failure area (m) 

Lc = length of geotextile as an anchor (m) 

For the length of geotextile overlapping (Lo) can be calculate using Equation 3.19. 

Lo=
1

𝛽

𝑇𝑎𝑙𝑙

4(c+σv.tan𝜑)
≥ 1 m      (3.19) 

Description: 

Lo = length of geotextile as an anchor (m) 

𝑇all = allowable tensile strength of reinforcement material (kN/m2) 

𝛽 = coefficient of soil interface to geotextile (used 0,67) 

c = cohession (kN/m2) 

𝜑 = internal shear angle  (ᵒ) 

2. External stability 
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The calculation of external stability is used to examine three types of stability. 

they are. 

a. Stability toward rolling 

The equation of stability towards rolling can ben seen in Equation 3.20. 

SF =
𝐿2 .  (

1

2
 .  𝑞 .  

1

2
 .  γ .  𝐻) 

1

2
 .  𝑞 .  𝑘𝑎.  𝐻2.  γ− c √𝑘𝑎.  𝐻2

     (3.20) 

 Where: 

 SF = active soil coefficient 

 L = geotextile length (m) 

 H = soil layer height (m) 

 c  = cohession (kN/m2) 

 γ = unit weight of soil (kN/m3) 

q = load above soil (kN/m) 

b. Stability toward shear 

1) Resisting force 

The Equation of resisting force can be seen in Equation 3.21. 

F = [Cg +
𝑊𝑡𝑜𝑡𝑎𝑙

𝑙𝑔
. 𝑡𝑎𝑛𝛿] 𝑙𝑔    (3.21) 

Where: 

F = resisting force (kN) 

Cg = viscosity between geotextile and foundation subgrade = 
2

3
c 

Wtotal = total of passive force (kN) 

𝛿 = 
2

3
𝜑 (friction angle of foundation subgrade) 

Lg = length of lowest geotextile (m) 

 

2) Driving force 

The Equation of driving force can be seen in Equation 3.22. 

F = Ea + Eq      (3.22) 

Where: 

E = driving force (kN) 

Ea = active force due to soil (kN) 
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Eq = active force due to load (kN) 

The Equation of stability toward shear can be seen in Equation 3.23. 

SF =
𝐹𝐼

𝐸
>1,5      (3.23) 

Where: 

FI = resisting force (kN) 

E = driving force (kN) 

c. Stability toward soil bearing capacity 

Calculation of stability toward bearing capacity is based on the load acting 

above. 

1) Allowable soil bearing capacity 

The Equation of allowable soil bearing capacity can be seen in 

Equation 3.24. 

σult = c. Nc + q. Nq + 0,5. γ. L. Nγ  (3.24) 

Description: 

σult  = allowable soil bearing capacity (kN/m2) 

c  = soil cohession (kN/m2) 

Nc, Nq, Nγ = Terzaghi bearing capacity factor 

γ  = unit weight of soil (kN/m3) 

L  = length of geotextile (m) 

2) Bearing capacity of soil occurs 

The Equation of soil bearing capacity occurs can be seen in Equation 

3.25. 

σoccurs = H. γ. +q     (3.25) 

Where: 

σoccurs  = bearing capacity (kN/m2) 

H  = height of embankment (m) 

γ  = unit weight of soil (kN/m3) 

q  = load above soil (kN/m) 

So, the calculation of stability toward soil bearing capacity can use 

the Equation 3.26. 
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SF =
σult

σoccurs
>1,5     (3.26) 

Where: 

SF  = safety factor 

σult  = allowable soil bearing capacity (kN/m2) 

σoccurs  = bearing capacity (kN/m2) 

3.6 Settlement 

Additional loading on the certain soil layer will result in the addition of stress 

on soil particle, therefore, soil will experience settlement. Soil particles deformation 

and the discharge of pore water through soil pores become one of the factors of the 

settlement occurrence. The cause of massive settlement is consolidation settlement 

during loading of the soil.  

3.6.1 Consolidation Settlement  

Additional loading on top of a saturated soil layer will cause increasing pore 

water pressure and resulting in the water to forcefully finding way out from the soil 

pores, therefore the volume will decrease. The amount of consolidation settlement 

will depend on the soil geologic. Soils on certain depth will experience pre-

consolidation effective stress, which is the biggest effective stress of soil. This 

stress can be smaller or equal in amount with current effective overburden. While 

normally consolidates is the state where effective overburden stress on the 

maximum level (Das, 1995). The formula for normally consolidated state can be 

seen on Equation 3.27.  

 

Sc = H 
Cc

1+ eo
log

Po+ ∆p

Po
       (3.27) 

With,  

Sc   = primary settlement (m)  

∆p  = change of vertical stress (kN/m2) 

cc    = soil compression index  

eo  = pore number  

H   = soil layer thickness (m) 

Po  = effective overburden stress (kN/m2)  
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3.6.2 Settlement Calculation Parameter   

Some additional parameter is needed to calculate how big the settlement occurs 

on certain soil layer. Those parameters are effective overburden stress (Po), soil 

compression (Cc), and soil stress distribution ( ∆𝑝 ). The explanation of the 

parameters can be seen below.  

1. Effective Overburden Stress (Po) 

This parameter is effective vertical stress of existing soil added with load or 

soil layer above the reviewed soil (Satindra, 2018). The formula for effective 

overburden can be seen on Equation 3.28.  

 

Po =  γ′x H          (3.28) 

With,  

Po   = effective overburden stress 

γ′   = soil layer thickness 

H   = effective soil volume weight  

2. Soil Compression Index (Cc) 

Based on Terzaghi and Peck (1967), to obtain soil compression index on 

undisturbed clay soil, method used is empirical equation (Barimbing, 2017). 

The calculation of this index can be done by using formula in Equation 3.29. 

 

Cc =  0.009(LL − 10)         (3.29) 

 

LL symbol above means liquid limit. Equation 3.35 above is applied for 

inorganic clay soil calculation that has low to medium sensitivity with 30% of 

error rate. If the sensitivity exceeds 4 on the equation above, it is suggested not 

to be used. For clay soil, remolded is suggested as mentioned on Equation 3.30 

and figure of relationship of soil compression index graph (Cc) that can be seen 

on Figure 3.12.  

 

Cc =  0.007(LL − 100)         (3.30) 
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Figure 3. 12 Soil Compression Index (Cc) 

(Source: Hardiyatmo, 2002) 
 

This Cc value is taken based on the soil behaviors on certain location 

determined in Azzous (1976) that can be seen on Equation 3.31 to 3.34.  

 

Cc =  0.0115 wn (for organic soil, peat)       (3.31) 

Cc =  0.0046(LL − 9) (for Brasilia clay)      (3.32) 

Cc =  0.01 wn (for Chicago clay)       (3.33) 

Cc =  0.208 𝑒𝑜 + 0.0083 (for Chicago clay)      (3.34) 

 

The wn notation means original water content and pore number of the existing 

soil (%) 

3. Soil Stress Distribution (∆𝑝) 

This parameter occurs because of loading on top of the soil viewed by the 

centre point of every soil layer. The equation for soil stress distribution can be 

seen on Equation 3.35.  

∆𝑝 = 𝑞 𝑥 𝐼 𝑥 𝐻        (3.35) 

 

The equation to find “q” value can be seen on Equation 3.36.  

 

𝑞 = 𝛾𝑒𝑚𝑏𝑎𝑛𝑘𝑚𝑒𝑛𝑡 𝑥 𝐻       (3.36) 
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With,  

∆P  = vertical stress change 

𝛾𝑒𝑚𝑏𝑎𝑛𝑘𝑚𝑒𝑛𝑡 = embankment soil volume weight 

H  = soil layer thickness 

q  = embankment weight  

𝐼  = influential factor 

To determine the influential factor can be done to see the Figure 3.13. 

 

Figure 3. 13 Influential Factor (Osterberg,1957) 
(Source: Hardiyatmo, 2002) 

 

3.7 PLAXIS 

PLAXIS is a computer program for analysis in the geotechnical field. in the 

analysis process of stability and deformation in the PLAXIS program using the 

finite element method. PLAXIS program also can be used for displacement 

analysis, stresses that occur in the soil, slope safety factor, and consolidation. Using 

the PLAXIS program, the site conditions can be modelled in plane strain as well as 

asymmetrically. The various site conditions simulated in the PLAXIS program are 
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specifically aimed at applying and implementing the site implementation steps 

through the working stages of the program. 

The steps in the analysis using the PLAXIS programs: 

1. PLAXIS input 

The modelling using the PLAXIS program is adjusted to the conditions in the 

field. The PLAXIS input is creating and adjusting the geometry, soil paramater, 

and load model. The PLAXIS input be seen in the Figure 3.14 below. 

 

Figure 3. 14 PLAXIS Input 

2. PLAXIS calculation 

PLAXIS Calculation is performed after the input process is completed. The 

calculation step can be performed by selecting the calculate toolbar at the end 

of input or by selecting calculation program in the start menu. The PLAXIS 

calculation can be seen in the Figure 3.15 below.  
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Figure 3. 15 PLAXIS Calculation 

3. PLAXIS output 

PLAXIS output can be done by selecting the PLAXIS output toolbar, or from 

the start menu. The output phase results can be displayed in the form of 

numbers, images, and curves. The PLAXIS output can be seen in Figure 3.16 

below. 

 

Figure 3. 16 PLAXIS Calculation 

4. PLAXIS curve 

The PLAXIS Curves Program can be used to illustrate the load relationship 

curves, stress-strain diagrams of locations. The PLAXIS curve can be seen in 

the Figure 3.17 below. 
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Figure 3. 17 PLAXIS Curve 
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CHAPTER IV 
METHODOLOGY 

 

 

4.1 Research Method 

The research object to be carried out is an embankment soil located in the 

Tawang-Ngalang segment IV road and bridge construction project in the area 

Nglegi, Kapanewon Patuk, Gunungkidul. The research that will be carried out is an 

analysis of the slope stability of the geotextile reinforcement on that project. This 

research is using quantitative and modelling methods for the analysis process. The 

research will investigate the occurrence of certain conditions through quantitative 

data collection and data analysis using a technical approach. 

4.2 Research Location 

The location of the research object is in the Tawang-Ngalang road and brigde 

construction project which is in Nglegi, Kapanewon Patuk, Gunungkidul. The 

location of the research can be seen in Figure 4.1. 

 

Figure 4. 1 Research Location 
(Source: Google Earth, 2023) 
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4.3 Data Collection  

The data used in this research is secondary data. The data is obtained from PT 

Geomine Bara Studio that have collected data. The collection data used can be seen 

below: 

1. Soil Investigation Data 

This data includes standard penetration test method (SPT) data with ground 

water elevation of 3.5 m, soil profile, and laboratory data of STA 5+325 of 

Tawang-Ngalang Segment IV Road and Bridge Project. The data can be seen 

in Table 4.1. 

 

Table 4. 1 N-SPT Result 

Depth (m) N-SPT  Lithology  

0 0 

Clayey sands, Reddish brown 
1 6 

2 12 

3 12 

4 12 
Sandy clay, medium to high 

plasticity, medium 
consistency 

5 36 

6 60 

7 60 

8 60 

Andesitic breccia and massive 
strong rock 

9 60 

10 60 

11 60 

12 60 

13 60 

14 60 

15 60 

16 60 

17 60 

18 60 

19 60 

20 60 
(Source: PT Geomine Bara Studio) 

 



49 
 

 
 

2. Detailed Engineering Drawing 

In this research used the drawing to find the existing elevation, and the contour 

of the area. The existing elevation can be seen in Figure 4.1 below. 

Figure 4. 2 Existing Elevation 
(Source: PT Geomine Bara Studio) 

 

4.4 Research Procedure 

The stages that must be completed for the research can be seen below. 

1. Identifying the problem used in the final project and creating the problem 

formulation. 

2. Reviewing the literature that related to the problem to gather information 

regarding the research from some sources, including books, academic journals, 

and other research. 

3. Collecting the data includes soil investigation data (field data and laboratory 

data), and Detailed Engineering Drawing (DED) are used to analysis, 

calculation, and design. 

4. Modelling the original slope and designing slope reinforcement. 

5. Calculating the safety factor (SF) using the PLAXIS Program and using the 

Fellenius method. 

6. Analysing the result from the calculation and the modelling. 

7. Concluding the result of research and suggesting that can be improved for the 

other research. 
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4.5 Variation of Models  

The model variations of the embankment is made on the PLAXIS v20.  

1. Existing Embankment 

Embankment slopes in the original condition have a various variety of 

materials. This is because the embankment material used selected material to 

fill the topographic conditions that are not suitable for the construction site. 

2. Non-reinforced Embankment with alternative internal angle  

In this research the author will use the alternative internal angle as the basic 

parameter for the embankment stability. The alternative that will be used of 

20°. Later, this height variations will be used for the bottom line to discover 

the safest and most effective embankment model for the current research 

location. 

3. Reinforced Embankment  

After obtaining the analysis result for the existing condition, designing 

geotextile reinforcement will be conducted to reach each safe state according 

to the safety factor required on Table 3.7 and Table 3.8.  

4. Reinforced Embankment with alternative internal angle 

As for this stage, the analysis process will be conducted in the same way as the 

analysis stability of embankment in existing condition, but the internal angle 

will differ as has been mentioned on point 2. 

As for the variation of loading used for the stability analysis of embankment 

can be seen below.  

1. Internal Load  

The variation of the loading is used in vertical and horizontal direction. The 

internal load that acts on the embankment are the soil embankment load, pore 

water pressure, and the structural load. So, that reinforcement is needed to 

prevent the occurrence of collapse. 

2. Traffic Load 

Based on “Departemen Pekerjaan Umum tahun 2009 tentang Persyaratan 

Teknis Jalan dan Kriteria Perencanaan Teknis Jalan”, the traffic load is added 
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to the entire width of the road surface and is determined based on the road class. 

So, it can be determined the traffic load is 15 kN/m2. 

Other than those two, dynamic loading will also be applied to the models of 

embankment on PLAXIS V20. they are:  

1. Without Earthquake  

Without earthquake load soil stability analysis refers to the assessment of soil 

stability under normal conditions, without taking into consideration the effects 

of earthquake activity. This analysis is important in geotechnical engineering 

to evaluate the stability and safety of structures and infrastructure in non-

seismic scenarios. Factors such as soil composition, groundwater level, and 

external loads are usually considered in this analysis to ensure soil stability and 

prevent slope failure or soil movement.  

2. With earthquake 

The analysis of slope stability, it is very important to consider the effect of 

earthquake loads on the factor of safety. The effect of earthquake loads on soil 

stability is very significant. Analysis of soil stability under earthquake loading 

has a particularly important effect in geotechnical engineering. Based on the 

SNI 8460:2017, earthquake plan for excavation and embankment slopes is 

determined with a probability of exceeding the magnitude during the 50-year 

plan life of 2% or equivalent to a return period of 500 years with reference to 

earthquake maps The earthquake load used is the seismic load due to 

earthquake, which is in accordance with the location of the Gunungkidul is 0.3-

0.4 g according to the earthquake zoning map. 

 

4.6 Research Flowchart 

The research flowchart shows the steps of the research methodology to be 

carried out visually. The research flowchart helps the researcher visualize and plan 

the research process systematically so that it can be followed clearly and 

structurally. The research stages are illustrated sequentially with arrows and 

symbols.  The flowchart of research can be seen below. 
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Figure 4. 3 The Flowchart of Research 
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CHAPTER V 

ANALYSIS AND RESULT 

 

 

5.1 Embankment Stability 

The stability of slope is determined by the factor of safety. This value will be 

obtained by both static and finite element method of PLAXIS 2D V20. The analysis 

will use existing condition of embankment slope without reinforcement. The 

analysis will be conducted using data on STA 5 + 325 on Tawang-Ngalang Segment 

IV Road and Bridge Construction. The existing embankment slope is 6,75 m with 

internal angle of 25°. Then geotextile will be used as the reinforcement option for 

the slope to achieve the 1.5 factor of safety. The longitudinal cut of the analysis 

location can be seen on Figure 4.1. 

The data used in this research is secondary data obtained from boring result, 

laboratory data, and detailed engineering drawings from PT. Geomine Bara Studio 

and PT. Aneka Dharma Persada.  

5.2 Parameter data 

The analysis of embankment stability in this research requires the parameter 

data such as soil investigation data, various load types, and geotextile parameter.  

5.2.1 Soil parameter 

Soil parameter data from the field is needed to analysis of road embankment 

stability. Soil parameter in this research used the field and laboratory data from PT. 

Geomine Bara Studio. The soil parameter data can be seen on Table 5.1. 

Table 5. 1 Soil Parameter Data 

Parameter Unit Embankment Layer 1 Layer 2 Layer 3 

Model - Mohr Coulomb Hoek-brown 

Type - Undrained Drained Drained Drained 

H m 6.75 3 4 13 

γsat kN/mᶟ 16.52 16.20 18.15 22.89 

γunsat kN/mᶟ 12.49 15.51 13.31 22.26 

γw kN/mᶟ 9.81 9.81 9.81 9.81 
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Continuation Table 5.1 Soil Parameter Data 

c kN/m² 10.79 14.72 19.62   

φ ᵒ 14.50 15.41 5.51   

v   0.26 0.27 0.28 0.30 

Kx m/day 0.00005 0.00031 0.00002   
Ky m/day 0.00005 0.00031 0.00002   
Eref kN/m2 3605 3723 37784 236180 

(Source: PT. Geomine Bara Studio) 
 

5.2.2 Load parameter 

The working loads on embankment slope are pavement load, traffic load and 

earthquake load.  

1. Pavement and traffic load 

Based on the secondary data, the pavement load is 10 kN/m2. While, the traffic 

load used is obtained from Departemen Pekerjaan Umum (2009), can be seen 

on Table 3.9. 

2. Earthquake data 

Earthquake parameters can vary into different kind of data. But for the 

earthquake data used on PLAXIS as the Finite Element Method is represented 

by the value of Peak Ground Acceleration (PGA). The area of Gunungkidul 

district has Peak Ground Acceleration (PGA) between 0.3 – 0.4 g, under the 

type of dynamic earthquake load. 

The earthquake analysis will be conducted using data from Earthquake zoning 

map. The earthquake data that is in accordance with Gunungkidul earthquake 

data is earthquake data of Victoria, Mexico, in 1978 taken from 

www.strongmotioncenter.org. They both has the same PGA of 0.367, with time 

interval of 2.6 seconds under the assumption that at that exact time, the peak 

ground acceleration has passed.  

Based on SNI 8460:2017 for analysis using PLAXIS V20 based on Finite 

Element Method, the earthquake value is represented using horizontal seismic 

coefficient or Kh. This value is taken from half of PGA value of the area which 

http://www.strongmotioncenter.org/
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is 0.1835 g. The graph of relationship between acceleration and earthquake 

time can be seen on Figure 5.1. 

 

 
Figure 5. 1 Graph of Relationship between Acceleration and Earthquake Time 

(Source: Earthquake data of Victoria, Mexico in 1978) 

5.2.3 Geotextile data 

Geotextile UW-250 is a geotextile reinforcement that will be used in this 

research. It is produced by PT. Tekindo Geosistem with allowable tensile 

strength and strain of 52 kN/m2 and 20% obtained from the production 

brochure. Those values then will be input into PLAXIS V20 that can be seen 

on Table 5.2.  

Table 5. 2 Geotextile Data 

Parameter Notation Value Unit 

Tensile Strength T 52 kN/m 

Strain Ɛ 20 % 

Normal Stiffness EA 260 kN/m 

(Source: PT. Teknindo Geosistem Unggul) 

 

For the calculation of geotextile reinforcement, woven geotextile will be used 

as additional reinforcement for soil embankment, using the data on Table 5.2. 

Then those value will be calculated first into a normal stiffness (EA) value 

that will be calculated below.  

𝐸𝐴 =  
𝐹𝑔

∆𝑙
𝑙⁄
 

  =
52

0.2
 

  = 260 𝑘𝑁/𝑚 
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5.3 Analysis of Existing Embankment Stability Without Reinforcement 

The analysis of Embankment slope using PLAXIS V20. The modelling for the 

embankment construction phase using the soil embankment based on the field. The 

embankment that will be used is STA 5+325 of Tawang-Ngalang Segment IV Road. 

The width of the existing embankment is 42.3 meters, the height is 6.75 meters, and 

the angle of the slope is 25º. For the embankment variation with an angle of 20º, 

the width of embankment is 47.88 meters, and the height is 6.75 meters. The cross 

section existing of STA 5+325 of Tawang-Ngalang Segment IV Road and the 

embankment variation with angle of 20º can be seen in Figure 5.2 and Figure 5.3. 

 

Figure 5. 2 Cross Section of STA 5+325 Of Tawang-Ngalang Segment IV Road with 
Angle Of 25 º 

 

 
Figure 5. 3 Cross Section of Embankment Variation with Angle Of 20º 
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5.3.1 Analysis of Construction Phase Existing Embankment  

The stability analysis of the existing embankment with internal slope angle of 

25º is conducted in three phases. The first phase assumes that the embankment is 

completed to a height 2.75 meters, followed by an analysis of the embankment 

condition. The analysis is continued at height of 4.75 meters, and 6.75 meters, by 

adding pavement load of 10 kN/m. The stability of embankments with internal slope 

angle of 20º using the same analytical method applied to the existing embankment 

condition. Detailed calculations and results are presented in the appendix. The 

construction phase can be seen in the Figure 5.4. 

 

 

Figure 5. 4 Construction Phase 

 

1. Embankment Phase 1 

The phase 1 of existing embankment with angle of 25º is done to the height of 

2.75 m. In order to know the deformation occurring on the location due to the 

loads mentioned before, deformed mesh is necessary. Deformed Mesh of 

existing embankment phase 1 without reinforcement based on PLAXIS V20 

analysis can be seen in Figure 5.5. 
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Figure 5. 5 Deformed Mesh of Existing Embankment Phase 1 Without 

Reinforcement 
 

Displacement occurs on phase 1 of existing embankment with angle of 25º 

without reinforcement due to embankment load. Based on the indicator on 

PLAXIS V20, the bigger displacement shows redder colour. While smaller 

displacement indicated by the shade of blue. The displacement value of 

existing embankment phase 1 without reinforcement due to embankment load 

is 0.03648 m can be seen in Figure 5.6. 

 
Figure 5. 6 Displacement of Existing Embankment Phase 1 Without Reinforcement 

Due to Embankment Load 
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The effective stress is used to calculate the factor of safety for embankment 

slope. Also, to identify the potentially failed slope area. The maximum amount 

effective stress of existing embankment phase 1 without reinforcement due to 

embankment load is 5.329 x 10-15 kN/m2, can be seen in Figure 5.7. 

 
Figure 5. 7 Effective Stress of Existing Embankment Phase 1 Without 

Reinforcement Due to Embankment Load 

Based on the PLAXIS V20 analysis, the type of the slope failure is rotation 

failure. The analysis result on PLAXIS V20 shows the factor of safety is 

3.479. The stability analysis result show that the slope is in safe condition, 

with a factor of safety already meet the minimum requirement. Potential 

failure area on existing embankment phase 1 with angle of 25º without 

reinforcement due to embankment load can be seen in Figure 5.8. 

 
Figure 5. 8 Potential Failure Area on Existing Embankment Phase 1 With Angle Of 

25º Without Reinforcement Due To Embankment Load 
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2. Embankment Phase 2 

The phase 2 of existing embankment with angle of 25º is done to the height of 

4.75 m. In order to know the deformation occurring on the location due to the 

loads mentioned before, deformed mesh is necessary. Deformed Mesh existing 

embankment phase 2 without reinforcement based on PLAXIS V20 analysis 

can be seen in Figure 5.9.  

 

 
 

Figure 5. 9 Deformed Mesh Existing Embankment Phase 2 Without Reinforcement 
Due to Embankment Load 

 

Displacement occurs on phase 2 of existing embankment with angle of 25º 

without reinforcement due to embankment load. Based on the indicator on 

PLAXIS V20, the bigger displacement shows redder colour. While smaller 

displacement indicated by the shade of blue. The displacement value of 

existing embankment phase 2 without reinforcement due to embankment load 

is 0.06623 m can be seen in Figure 5.10.  
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Figure 5. 10 Displacement Value of Existing Embankment Phase 2 Without 
Reinforcement Due to Embankment Load 

 

The effective stress is used to calculate the factor of safety for embankment 

slope. Also, to identify the potentially failed slope area. The maximum amount 

effective stress of existing embankment phase 2 without reinforcement due to 

embankment load is 8.882 x 10-15 kN/m2, can be seen in Figure 5.11. 

 
 

Figure 5. 11 Effective Stress of Existing Embankment Phase 2 Without 
Reinforcement Due to Embankment Load 
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Based on the PLAXIS V20 analysis, the type of the slope failure is rotation 

failure. The analysis result on PLAXIS V20 shows the factor of safety is 2.234. 

The stability analysis result show that the slope is in safe condition, with a 

factor of safety already meet the minimum requirement. Potential failure area 

on existing embankment phase 2 with angle of 25º without reinforcement due 

to embankment load can be seen in Figure 5.12. 

 

 
 

Figure 5. 12 Potential Failure Area on Existing Embankment Phase 2 With Angle Of 
25º Without Reinforcement Due to Embankment Load 

 
3. Embankment Phase 3 

The phase 3 of existing embankment with angle of 25º is done to the height of 

6.75 m. The pavement load of 10 kN/m2 and earthquake load is added to 

embankment phase 3 analysis. In order to know the deformation occurring on 

the location due to the loads mentioned before, deformed mesh is necessary. 

Therefore, the analysis result can’t be shown on PLAXIS V20. Deformed Mesh 

for the existing embankment phase 3 with angle of 25º by adding pavement 

load, and existing embankment phase 3 with angle of 25º by adding pavement 

and earthquake loads without reinforcement based on PLAXIS V20 analysis 

can be seen on Figure 5.13 and Figure 5.14. 
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Figure 5. 13 Deformed Mesh for Existing Embankment with Angle Of 25º By 

Adding Pavement Load Without Reinforcement 

 
Figure 5. 14 Deformed Mesh for Existing Embankment with Angle Of 25º By 

Adding Pavement and Earthquake Loads Without Reinforcement 
 

Displacement occurs on phase 3 of existing embankment with angle of 25º 

without reinforcement. Based on the indicator on PLAXIS V20, the bigger 

displacement shows redder colour. While smaller displacement indicated by 

the shade of blue. The displacement value of the existing embankment with 

angle of 25º by adding pavement load without reinforcement is 0.1235 m, while 

analysis result for existing embankment with angle of 25º by adding pavement 
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and earthquake loads on PLAXIS V20 is 0.2486 m. The displacement value of 

the existing embankment with angle of 25º by adding pavement load, and the 

existing embankment phase 3 with angle of 25º by adding pavement and 

earthquake loads without reinforcement can be seen on Figure 5.15 and Figure 

5.16. 

 
 

Figure 5. 15 Displacement Value of Existing Embankment Phase 3 With Angle Of 
25º By Adding Pavement Load Without Reinforcement 

 
 

Figure 5. 16 Displacement Value of Existing Embankment Phase 3 With Angle Of 
25º By Adding Pavement and Earthquake Loads Without Reinforcement 
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The effective stress is used to calculate the factor of safety for embankment slope. 

Also, to identify the potentially failed slope area. The maximum amount effective 

stress of existing embankment phase 3 with angle of 25º by adding pavement load 

without reinforcement is 0.1421 x 10-15 kN/m2, while the analysis result for existing 

embankment phase 3 with angle of 25º by adding pavement and earthquake loads 

is 49.37 kN/m2. The effective stress of existing embankment phase 3 with angle of 

25º by adding pavement load, and the existing embankment phase 3 with angle of 

25º by adding pavement and earthquake loads without reinforcement without 

reinforcement can be seen in Figure 5.17 and Figure 5.18. 

 

Figure 5. 17 Effective Stress of Existing Embankment Phase 3 With Angle Of 25º By 
Adding Pavement Load Without Reinforcement 

 

 
Figure 5. 18 Effective Stress of Existing Embankment Phase 3 With Angle Of 25º By 

Adding Pavement And Earthquake Loads Without Reinforcement 
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Based on the PLAXIS V20 analysis, the type of the slope failure is rotation 

failure. The analysis result for existing embankment phase 3 with angle of 25º 

by adding pavement load on PLAXIS V20 shows the factor of safety is 1.444. 

While the analysis result for existing embankment phase 3 with angle of 25º by 

adding pavement and earthquake loads on PLAXIS V20 is 1.1048. Potential 

failure area on the existing embankment phase 3 with angle of 25º by adding 

pavement load, and existing embankment phase 3 with angle of 25º by adding 

pavement and earthquake loads without reinforcement can be seen on Figure 

5.19 and Figure 5.20. 

 
Figure 5. 19 Potential Failure Area on Existing Embankment Phase 3 With Angle of 

25º By Adding Pavement Load Without Reinforcement 

 

 
Figure 5. 20 Potential Failure Area on Existing Embankment Phase 3 With Angle of 

25º By Adding Pavement and Earthquake Loads Without Reinforcement 
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The analysis using PLAXIS indicated a total consolidation settlement of 0.1405 

meter for the existing embankment phase 3 with angle of 25º after a 365-day 

consolidation period. Consolidation settlement of existing embankment phase 

3 with angle of 25º can be seen on Figure 5.21. 

 

 
 

Figure 5. 21 Consolidation Settlement of Existing Embankment Phase 3 With Angle 
Of 25º 

 
 
5.3.2 Analysis of Post-Construction Existing Embankment  

Post construction embankment means that road constructing can be started. 

The road structure load and traffic loads of 25 kN/2, and earthquake load is added 

to the post-construction analysis. In order to know the deformation occurring on the 

location due to the loads mentioned before, deformed mesh is necessary. The 

analysis result for existing embankment with angle of 25º by adding pavement, 

traffic and earthquake loads on PLAXIS V20 is collapse. Therefore, the analysis 

result can’t be shown on PLAXIS V20. Deformed Mesh for the existing 
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embankment with angle of 25º by adding the road structure and traffic load without 

reinforcement based on PLAXIS V20 analysis can be seen on Figure 5.22. 

 

 
 

Figure 5. 22 Deformed Mesh for Existing Embankment with Angle of 25º By Adding 
Road Structure and Traffic Loads Without Reinforcement 

 

Displacement occurs on post construction embankment with angle of 25º without 

reinforcement. Based on the indicator on PLAXIS V20, the bigger displacement 

shows redder colour. While smaller displacement indicated by the shade of blue. 

The displacement value of the existing embankment with angle of 25º by adding 

the road structure load without reinforcement is 0.1629 m, while the analysis result 

for existing embankment with angle of 25º by adding pavement, traffic, and 

earthquake loads on PLAXIS V20 shows that slope is collapse. Therefore, the 

analysis result can’t be shown on PLAXIS V20. The displacement of the existing 

embankment with angle of 25º by adding the road structure and traffic loads without 

reinforcement can be seen on Figure 5.23. 
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Figure 5. 23 Displacement Value of Existing Embankment with Angle of 25º By 

Adding Road Structure and Traffic Loads Without Reinforcement 
 

The effective stress is used to calculate the factor of safety for embankment slope. 

Also, to identify the potentially failed slope area. The maximum amount effective 

stress of existing embankment with angle of 25º by adding pavement load without 

reinforcement is 0.01776 x 10-15 kN/m2, while the analysis result for existing 

embankment with angle of 25º by adding pavement and earthquake loads on 

PLAXIS V20 shows that slope is collapse. Therefore, the analysis result can’t be 

shown on PLAXIS V20. The effective stress of existing embankment with angle of 

25º by adding road structure and traffic load without reinforcement can be seen in 

Figure 5.24. 

 
 

Figure 5. 24 Effective Stress of Existing Embankment with Angle Of 25º By Adding 
Road Structure Load Without Reinforcement 
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Based on the PLAXIS V20 analysis, the type of the slope failure is rotation failure. 

The analysis result for existing embankment with angle of 25º by adding the road 

structure load on PLAXIS V20 shows the factor of safety is 1.211. While the 

analysis result for existing embankment with angle of 25º by adding the road 

structure, traffic and earthquake loads on PLAXIS V20 shows that slope is collapse. 

Therefore, the analysis result can’t be shown on PLAXIS V20. Potential failure area 

on the existing embankment with angle of 25º by the road structure and traffic loads 

without reinforcement can be seen on Figure 5.25. 

 

 

Figure 5. 25 Potential Failure Area on Existing Embankment with Angle of 25º By 
Adding Road Structure Load Without Reinforcement 

 

The analysis using PLAXIS indicated a total consolidation settlement of 0.1905 

meter for the existing embankment phase 3 with angle of 25º after a 365-day 

consolidation period. Consolidation settlement of existing embankment post-

construction with angle of 25º can be seen on Figure 5.26. 
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Figure 5. 26 Consolidation Settlement of Existing Embankment Post-Construction 

with Angle of 25º 

5.3.3 Fellenius method 

The analysis of embankment stability using PLAXIS V20 program based on 

the finite element method on will be compared with the Fellenius method analysis. 

The calculation of Fellenius method is used to compare and confirm the factor of 

safety on existing embankment on the post construction PLAXIS V20 program. As 

has been mentioned in sub-chapter 3.4.2, method of slices is used as the base of 

calculation of Fellenius method. Therefore, the method of slice applied on the slope 

failure can be seen in Figure 5.27. 

 
Figure 5. 27 The Method of Slice 
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Based on the Figure 5.19 the horizontal length of slope failure is 22.326 m, and the 

slope failure section will be divided into 10 slices in this calculation of Fellenius 

method. The radius of the slope failure on the existing embankment with slope angle 

25̊ is 29.4 m. The calculation steps of slope stability using Fellenius method. 

1. Calculation of each slice length 

L =
22.326

10
= 2.2326 𝑚  

2. Calculation of each slice weight 

W = γ x A 

For the slices with upper load, the weight can be determined by the equation 

below. 

W = (γ x A) + (q x L) 

The load (q) for this calculation used pavement and traffic load of 25 kN/m2. 

Meanwhile, the length (L) used the slices with upper load. 

The calculation example of each slice weight can be seen below. 

γ1  = 12.49 kN/m3 

L1 = 2.2326 m 

A1 = 1.891 m2 

A4 = 9.795 m2 

W1=  γ1 x A1 +(q x L1) 

 = (12.49 x 1.891) + (25 x 2.2326) 

 = 79.437 𝑘𝑁 

W4= γ4 x A4  

 = 12.49 𝑥 9.795 

 = 122.859 𝑘𝑁 

The recapitulation of each slice weight can be seen in Table 5.3. 

3. Calculation of Wi sin α of each slice 

The calculation example of Wi sin α of each slice can be seen below. 

α1 = 35.5º 

α6 = 20.7º 

Slice 1  = W1  x sin α 
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= 79.437  x sin 35.5ᵒ 

  = 46.129 𝑘𝑁/𝑚 

Slice 4  = W4 x sin α 

= 122.859 x sin 20.7ᵒ 

  = 43.243 𝑘𝑁/𝑚 

4. Calculation of Wi cos α of each slice 

Slice 1  = W1  x cos α 

= 79.437  x cos 35.5º 

  = 64.671 𝑘𝑁/𝑚 

Slice 4  = W4 x cos α 

=122.859 x  cos 20.7ᵒ 

  = 114.438𝑘𝑁/𝑚 

The recapitulation of calculation steps using Fellenius method for entire slices 

can be seen in Table 5.3. 

Table 5. 3 Recapitulation of Calculation Steps Using Fellenius Method 

Slice Soil layer 
A Wi α 

Wi cos α Wi sin α 
(m²) kN (ᵒ) 

1 1 1.891 79.437 35.5 64.671 46.129 

2 1 5.225 121.077 30.3 104.538 61.087 

3 1 7.962 112.859 25.4 101.950 48.409 

4 1 9.795 122.336 20.7 114.438 43.243 

5 1 9.352 116.804 16.1 112.223 32.391 

6 1 8.243 102.956 11.6 100.853 20.702 

7 1 7.112 88.823 7.2 88.122 11.132 

8 1 6.390 79.807 2.8 79.712 3.899 

9 1 4.120 51.458 1.5 51.440 1.347 

10 1 1.458 18.215 5.9 18.119 1.872 

Total 836.066 270.212 

 

5. Failure capacity given by cohesion component 

Based on Figure 5.26, the length of curve line on layer 1 (A-B) is 23.77 m. 

Therefore, the calculation is: 

a  = 23.77 m 
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c1  = 10.79 kN/m² 

c1a1 = (10.79 x 23.77) 

= 256.478 kN/m 

6. Calculation of the factor of safety 

SF  =
(Σciαi )+(Tan φ × ΣW × cos α) )

(ΣWsinα)+(q⨯L) )
 

  =
(256.478  )+(Tan 14.5× 836.066) )

(216.221+(25⨯7.5) )
 

  =1.196 

Based on the calculation results of the factor of safety on the existing 

embankment with a slope angle of 25º using the Fellenius method is 1.196. The 

result obtained using the Fellenius method is used as a comparison and to verify 

the results of the PLAXIS V20 analysis. The analysis and calculations 

performed for the post-construction stage without seismic loads. The results of 

the manual calculation are not much different from the PLAXIS analysis 

result, which is 1.211. 

5.4 Primary Consolidation Calculation 

The calculation of consolidation settlement is using the Terzaghi method. The 

compression index and void ratio data used in this analysis were obtained 

empirically from secondary data. The objective of this analysis is used to compare 

and verify the consolidation settlement of the embankment, as previously 

determined using PLAXIS V20.  This analysis is conducted using normally 

consolidated principles. Where the consolidation settlement calculation for layer 1 

can be done by using formula from Equation 3.27. 

Layer 1: 

Cc1 = 0.1077 

eo1 = 0.678 

The next step is to discover the value of effective overburden stress (Po). 

The calculation can be done using Equation 3.28.  
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𝑃𝑜1  = γ1 x H1  

 = 16.2 x 3 

 = 48.6 kN/m2 

After that, soil stress distribution value must be discovered (ΔP). But before 

discovering the value, there are some values that have to be calculated first before 

obtaining the (ΔP) value. They are q, a/z, and b/z to obtain coefficient in soil stress 

distribution value (ΔP). 

𝑞𝑜 = (γembankment x Hembankment) + pavement load 

 = (16.52 x 6.75) + 10 

 = 121.51 kN/m3 

a/z1 = 7.935 / 1.5 

 = 5.29  

b/z1 = 12.87 / 1.5 

 = 8.58 

The value of the empirical parameter I, obtained from Figure 3.13 (Osterberg's 

chart), is 0.5.  

ΔP1 = qo x I1  

 = 121.51 x 0.5 

 = 60.755 kN/m2 

Then, the value of primary consolidation can be trully determined using 

Equation 3.28. 

𝑆c1 = 
𝐶𝑐 𝑥 𝐻

1+𝑒𝑜
𝑙𝑜𝑔

𝑃𝑜+ ΔP

𝑃𝑜
 

 = 
0.1077 𝑥 3

1+0.678
𝑙𝑜𝑔

48.6 + 60.755

48.6
 

 = 0.0678 m 

The calculation for the preceeding layer is similar in the process. Therefore, 

the recapitulation of each value of each layer can be seen on the Table 5.4 below. 



76 
 

Table 5. 4 Recapitulation of Consolidation Settlement 

Name H (m) I Δp (kN/m2) Po (kN/m3) Cc eo Sc (m) 

Soil Layer 1 3 0.5 60.755 48.6 0.1077 0.678 0.0678 

Soil Layer 2 4 0.47 57.1097 86.865 0.1585 0.896 0.0734 

Soil Layer 3 13 0.44 106.9288 256.905 0 0.224 0.0000 

Total 0.1412 

Based on the calculation results of the consolidation settlement on the existing 

embankment with a slope angle of 25º using the Terzaghi method is 0.1412 m. The 

result obtained using the Terzaghi method is used as a comparison and to verify the 

results of the PLAXIS V20 analysis. The analysis and calculations performed for 

the construction stage without seismic loads. The results of the manual calculation 

are not much different from the PLAXIS analysis result, which is 1.1405 m. 

5.5 Geotextile calculation 

The geotextile calculation is used to calculate the geotextile requirements in 

the analysed embankment. Geotextile reinforcement calculation, per-zone method 

is used to determine tensile strength distribution in slopes. While the division of the 

zone can be seen on Figure 5.28. 

 

 
Figure 5. 28 Division of The Zone 
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5.5.1 Parameter Data 

Parameter required for geotextile calculation is basic parameter of geotextile 

type, embankment soil parameter, loads working on the embankment, and 

coefficient of soil bearing capacity. 

The data for the analysis of internal and external stability. 

1. Geotextile 

a. Type    = Woven geotextile 

b. Ultimate tensile strength = 52 kN/m 

c. Allowable tensile strength = 26 kN/m 

d. Normal stiffness   = 260 kN/m 

2. Embankment soil 

a. Bulk unit weight (𝛾𝑏)  = 12.49 kN/m3 

b. Cohesion (𝑐)   = 10.79 kN/m2 

c. Internal friction angle (𝜑) = 14.5ᵒ 

3. Load 

a. Pavement load   = 10 kN/m2 

b. Traffic load   = 15 kN/m2 

So, the total load that distributed to the embankment is 25 kN/m2 

4. Soil bearing capacity coefficient 

The data of soil bearing capacity coefficient refer to the Departemen Pekerjaan 

Umum (2009) that can be seen on Table 5.5. 

 

Table 5. 5 Soil Bearing Capacity Coefficient 

φ Nc Nq Nγ 

10 8.35 2.47 1.22 
11 8.8 2.71 1.44 
12 9.28 2.97 1.69 
13 9.81 3.26 1.97 
14 10.37 3.59 2.29 

14.5 10.40 3.64 2.36 
15 10.98 3.94 2.65 
16 11.63 4.34 3.06 

17 12.34 4.77 3.53 

 



78 
 

Continuation Table 5.5 Soil Bearing Capacity Coefficient 

18 13.1 5.26 4.07 

19 13.93 5.8 4.68 

20 14.83 6.4 5.39 
Source: Departemen Pekerjaan Umum (2009) 

 
5.5.2 External stability calculation 

External stability calculation is used to determine the vertical distance 

between geotextile layers (Sv) and minimum required geotextile length (L). The 

calculation can be seen below. 

1. vertical distance between geotextile layers (Sv),  

Ka = 𝑡𝑎𝑛2((450 − (
𝜑

2
))) 

= 𝑡𝑎𝑛2((450 − (
14.5

2
))) 

  = 0.578 

 

a. Zone 1 

𝜎ℎ𝑐1 = q x Ka − 2 x 𝑐 x √𝐾𝑎 + Ka x H1x 𝛾𝑏 

  = (25 x 0.6)-(2 x 10.79  x √0.6)+(0.6 x 2 x 12.49) 

  = 13.255 kN/m2 

SF = 1.5 (used) 

SVi =
Ta

σhc1 x  SF
 

  = 
26

13.225 x  1.5
 

  = 1.308 m  

 SVi used  = 1 m (used for zone 1) 

The amount of geotextile layers = 
2

1
 = 2  

      = 2 layers (used for zone 1)  

Based on the calculation of vertical distance between geotextile layers is 1 

meter, and the amount of geotextile layers is 2 for zone 1. 
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b. Zone 2 

𝜎ℎ𝑐2 = Ka x H2 x 𝛾𝑏 − 2 x 𝑐 x √𝐾𝑎 

  = (0.6 x 4 x 12.49) - (2 x 10.79 x √0.6 ) 

  = 13.243 kN/m2 

SF = 1.5 (used) 

SVi =
Ta

σhc1 x  SF
 

  = 
26

  13.243  x  1.5
 

  = 1.309 m  

SVi used  = 1 m (used for zone 2) 

The amount of geotextile layers = 
2

1
 = 2 

      = 2 layers (used for zone 2) 

Based on the calculation of vertical distance between geotextile layers is 1 

meter, and the amount of geotextile layers is 2 for zone 2. 

 

c. Zone 3 

𝜎ℎ𝑐2 = Ka x H2 x 𝛾𝑏 − 2 x 𝑐 x √𝐾𝑎 

  = (0.6 x 6.75 x 12.49) - (2 x 10.79 x √0.6 ) 

  = 33.834 kN/m2 

SF = 1.5 (used) 

SV3 =
Ta

σhc1 x  SF
 

  = 
26

33.834 x  1.5
 

  = 0.512 m  

SV3 used  = 0.5 m (used for zone 3) 

The amount of geotextile layers = 
2.75

0.5
 = 5.5 

      = 6 layers (used for zone 3) 

Based on the calculation of vertical distance between geotextile layers is 0.5 

meter, and the amount of geotextile layers is 6 for zone 1. 
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2. Determining geotextile length based on the working forces 

Zone 1 

a. Stability toward eccentricity 
1

6
𝑥𝐿  ≥ 𝑒 

𝑒 =
∑MD

𝑅𝑣
 

∑MD = (𝑞 𝑥 𝑘𝑎 𝑥
1

2
𝑥 𝐻2) + (

1

2
𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2 𝑥

1

3
𝑥 𝐻) − (2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥

1

2
𝑥 𝐻2) 

𝑅𝑣 = (𝐻 𝑥 𝛾𝑏 𝑥 𝐿) + (𝑞 𝑥 𝐿) 

1

6
𝐿 ≥

(q x ka x 
1

2
 x H2)+( 

1

2
 x Ka x γb x H2 x 

1

3
 x H)−(2 x c x √Ka x 

1

2
 x H2)

(Hx γb x L)+(q x L)
 

L

6
 ≥

(25 𝑥 0.6 𝑥 
1

2
 𝑥 22)+(

1

2
 𝑥 0.6 𝑥 12.49 𝑥 22 𝑥 

1

3
 𝑥 2)−(2 𝑥 10.79 𝑥 √0.6 𝑥 

1

2
 𝑥 22)

(2 𝑥 12.49 𝑥 𝐿)+(25 𝑥 𝐿)
 

L

6
 ≥

6.542

49.98𝐿
 

49.98𝐿2 = 39.25 

𝐿2 =
39.25

49.98
 

𝐿 = √0.786 

𝐿 = 0.886𝑚 

The calculated geotextile length of zone 1 to resist eccentricity on soil 

embankment is 1 m. 

 

b. Stability toward rolling 

SF =
∑MR

∑𝑀𝐷
=  

𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑚𝑒𝑛𝑡

𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡
≥ 1.5 

∑𝑀𝑅 = (
1

2
𝑥 𝑞 𝑥 𝐿2) + ( 

1

2
𝑥 𝛾𝑏 𝑥 𝐻 𝑥 𝐿2) 

∑𝑀𝐷 = (𝑞 𝑥 𝑘𝑎 𝑥
1

2
𝑥 𝐻2) + (

1

2
𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2 𝑥

1

3
𝑥 𝐻) − (2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥

1

2
𝑥 𝐻2) 

SF =
(

1

2
𝑥 𝑞 𝑥 𝐿2)+( 

1

2
 𝑥 𝛾𝑏 𝑥 𝐻 𝑥 𝐿2)

(𝑞 𝑥 𝑘𝑎 𝑥 
1

2
 𝑥 𝐻2)+(

1

2
 𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2 𝑥 

1

3
 𝑥 𝐻)−(2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥 

1

2
 𝑥 𝐻2)

 

SF =
(

1

2
 𝑥 25 𝑥 𝐿2)+(

1

2
 𝑥 12.49 𝑥 2 𝑥 𝐿2)

(25 𝑥 0.6 𝑥 
1

2
 𝑥 22)+(

1

2
 𝑥 0.6 𝑥 12.49 𝑥 22 𝑥 

1

3
 𝑥 2)−(2 𝑥 10.79 𝑥√0.6 𝑥 

1

2
 𝑥 22)

 

1.5 =
24.99𝐿2

6.542
 

24.99𝐿2 = 9.812 
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𝐿2 =
9.812

24.99
 

𝐿 = √0.393 

𝐿   =  0.627 𝑚 

The calculated geotextile length of zone 1 to resist rolling on soil 

embankment is 1 m. 

 

c. Stability toward shear 

SF =
(𝑞 𝑥 𝑡𝑎𝑛𝛿 𝑥 𝐿)+(𝐻 𝑥 𝛾𝑏 𝑥 𝑡𝑎𝑛𝛿 𝑥 𝐿)

(𝑞 𝑥 𝑘𝑎 𝑥 𝐻)+(
1

2
 𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2)−(2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥 𝐻)

 

Shear resistance on reinforcement base (𝛿 =
2

3
𝑥 14.5 = 9.667) 

SF =
(25 𝑥 𝑡𝑎𝑛(9.667) 𝑥 𝐿)+(2 𝑥 12.49 𝑥 𝑡𝑎𝑛(9.667) 𝑥 𝐿)

(25 𝑥 0.6 𝑥 2)+(
1

2
 𝑥 0.6 𝑥 12.49 𝑥 22)−(2 𝑥 10.79 𝑥 √0.6 𝑥 2)

 

1.5 =
8.513𝐿

11.534
 

8.513𝐿 = 17.3 

L =
17.3

8.513
 

𝐿 = 2.032 𝑚 

The calculated geotextile length of zone 1 to resist shear on soil 

embankment is 2.5 m. 

 

d. Stability toward bearing capacity of soil 

𝐿 ≤ 
σult

(H x 𝛾𝑏)+𝑞
 

𝑞𝑢𝑙𝑡 = (c x Nc) + (0.5 x L x 𝛾𝑏 x N𝛾) 

  = (10.79 𝑥 10.4) + (0.5 𝑥 𝐿 𝑥 12.49 𝑥2.36) 

  = (168.301) + (14.756) 

σult = 𝑞𝑢𝑙𝑡 x SF 

  = (168.301) + (14.756)x 1.5 

= 178.342 + 22.134𝐿 

𝐿 ≤
178.342+22.134𝐿

(2 x 12.49)+25
 

49.98𝐿 ≤ 178.342 + 22.134𝐿  
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𝐿 =
178.342

(49.98−22.134)
  

𝐿 =
178.342

27.846
  

𝐿 = 6.044 𝑚  

The calculated geotextile length of zone 1 to resist bearing capacity on soil 

embankment is 6.5 m. 

 

Zone 2 

a. Stability toward eccentricity 
1

6
𝑥𝐿  ≥ 𝑒 

𝑒 =
∑MD

𝑅𝑣
 

∑MD = (𝑞 𝑥 𝑘𝑎 𝑥
1

2
𝑥 𝐻2) + (

1

2
𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2𝑥

1

3
𝑥 𝐻) − (2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥

1

2
𝑥 𝐻2) 

𝑅𝑣 = (𝐻 𝑥 𝛾𝑏 𝑥 𝐿) + (𝑞 𝑥 𝐿) 

1

6
𝐿 ≥

(q x ka x 
1

2
 x H2)+( 

1

2
 x Ka x γb x H2 x 

1

3
 x H)−(2 x c x √Ka x 

1

2
 x H2)

(H x γb x L)+(q x L)
 

L

6
 ≥

(25 𝑥 0.6 𝑥 
1

2
 𝑥 42)+(

1

2
 𝑥 0.6 𝑥 12.49 𝑥 42 𝑥 

1

3
 𝑥 4)−(2 𝑥 10.79 𝑥 √0.6 𝑥 

1

2
 𝑥 42)

(4 𝑥 12.49 𝑥 𝐿)+(25 𝑥 𝐿)
 

L

6
 ≥

66.102

74.96𝐿
 

74.96𝐿2 = 396.612 

𝐿2 =
396.612

74.96
 

𝐿 = √5.921 

𝐿 = 2.3 𝑚 

The calculated geotextile length of zone 2 to resist eccentricity on soil 

embankment is 2.5 m. 

 

b. Stability toward rolling 

SF =
∑MR

∑𝑀𝐷
=  

𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑚𝑒𝑛𝑡

𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡
≥ 1.5 

∑𝑀𝑅 = (
1

2
𝑥 𝑞 𝑥 𝐿2) + ( 

1

2
𝑥 𝛾𝑏 𝑥 𝐻 𝑥 𝐿2) 

∑𝑀𝐷 = (𝑞 𝑥 𝑘𝑎 𝑥
1

2
𝑥 𝐻2) + (

1

2
𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2𝑥

1

3
𝑥 𝐻) − (2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥

1

2
𝑥𝐻2) 
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SF =
(

1

2
 𝑥 𝑞 𝑥 𝐿2)+( 

1

2
 𝑥 𝛾𝑏 𝑥 𝐻 𝑥 𝐿2)

(𝑞 𝑥 𝑘𝑎 𝑥 
1

2
 𝑥 𝐻2)+( 

1

2
 𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2 𝑥 

1

3
 𝑥 𝐻)−(2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥 

1

2
 𝑥 𝐻2)

 

SF =
(

1

2
 𝑥 25 𝑥 𝐿2)+( 

1

2
 𝑥 12.49 𝑥 4 𝑥 𝐿2)

(25 𝑥 0.6 𝑥 
1

2
 𝑥 42)+(

1

2
 𝑥 0.6 𝑥 14.49 𝑥 42𝑥 

1

3
 𝑥 4)−(2 𝑥 10.79 𝑥√0.6 𝑥 

1

2
 𝑥 42)

 

1.5 =
37.48𝐿2

66.102
 

37.48𝐿2 = 99.153 

𝐿2 =
99.153

37.48
 

𝐿 = √2.646 

𝐿   =  1.626 𝑚 

The calculated geotextile length of zone 2 to resist rolling on soil 

embankment is 2 m. 

 

c. Stability toward shear 

SF =
(𝑞 𝑥 𝑡𝑎𝑛𝛿 𝑥 𝐿)+(𝐻 𝑥 𝛾𝑏 𝑥 𝑡𝑎𝑛𝛿 𝑥 𝐿)

(𝑞 𝑥 𝑘𝑎 𝑥 𝐻)+(
1

2
 𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2)−(2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥 𝐻)

 

Shear resistance on reinforcement base (𝛿 =
2

3
𝑥14.5 = 9.667) 

SF =
(25 𝑥 𝑡𝑎𝑛(9.667) 𝑥 𝐿)+(4 𝑥 16 𝑥 𝑡𝑎𝑛(9.667) 𝑥 𝐿)

(25 𝑥 0.6 𝑥 4)+(
1

2
 𝑥 0.6 𝑥 12.49 𝑥 42)−(2 𝑥 10.79 𝑥√0.6 𝑥 4)

 

1.5 =
12.768𝐿

53.019
 

13.668𝐿 = 79.528 

L =
79.528

13.668
 

𝐿 = 6.229 𝑚 

The calculated geotextile length of zone 2 to resist shear on soil 

embankment is 6.5 m. 

d. Stability toward bearing capacity of soil 

𝐿 ≤ 
σult

(H x 𝛾𝑏)+𝑞
 

𝑞𝑢𝑙𝑡 = (c x Nc) + (0.5 x L x 𝛾𝑏 x N𝛾) 

  = (10.79𝑥10.4) + (0.5 𝑥 𝐿 𝑥 12.49 𝑥2.36) 

  = (168.301) + (14.756) 
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σult = 𝑞𝑢𝑙𝑡 x SF 

  = (168.301) + (14.756)x 1.5 

= 178.342 + 22.134𝐿 

𝐿 ≤
178.342 + 22.134𝐿

(4 x 12.49)+25
 

74.96𝐿 ≤ 178.342 + 22.134𝐿  

𝐿 =
178.342

(74.96−22.134)
  

𝐿 =
178.342

52.826
  

𝐿 = 3.186 𝑚  

The calculated geotextile length of zone 2 to resist bearing capacity on soil 

embankment is 3.5 m. 

 

Zone 3 

a. Stability toward eccentricity 
1

6
𝑥𝐿  ≥ 𝑒 

𝑒 =
∑MD

𝑅𝑣
 

∑MD = (𝑞 𝑥 𝑘𝑎 𝑥
1

2
𝑥 𝐻2) + (

1

2
𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2𝑥

1

3
𝑥 𝐻) − (2 𝑥 𝑐 𝑥 √𝐾𝑎 𝑥

1

2
𝑥 𝐻2) 

𝑅𝑣 = (𝐻 𝑥 𝛾𝑏 𝑥 𝐿) + (𝑞 𝑥 𝐿) 

1

6
𝐿 ≥

(q x ka x 
1

2
 x H2)+(

1

2
 x Ka x γb x H2 x 

1

3
 x H)−(2 x c x √Ka x 

1

2
 x H2)

(H x γb x L)+(q x L)
 

L

6
 ≥

(25 𝑥 0.6 x
1

2
 𝑥 6.752)+(

1

2
 𝑥 0.6 𝑥 12.49 𝑥 6.752𝑥

1

3
𝑥 6.75)−(2 𝑥 10.79 𝑥√0.6 𝑥 

1

2
 𝑥 6.752)

(6.75 𝑥 12.49 𝑥 𝐿)+(25 𝑥 𝐿)
 

L

6
 ≥

344.604

109.308𝐿
 

109.308𝐿2 = 2067.625 

𝐿2 =
2067.625

109.308
 

𝐿 = √18.916 

𝐿 = 4.349 𝑚 

The calculated geotextile length of zone 3 to resist eccentricity on soil 

embankment is 4.5 m. 
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b. Stability toward rolling 

SF =
∑MR

∑𝑀𝐷
=  

𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑚𝑒𝑛𝑡

𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡
≥ 1.5 

∑𝑀𝑅 = (
1

2
 𝑥 𝑞 𝑥 𝐿2) + (

1

2
𝑥 𝛾𝑏 𝑥 𝐻 𝑥 𝐿2) 

∑𝑀𝐷 = (𝑞 𝑥 𝑘𝑎 𝑥
1

2
𝑥 𝐻2) + (

1

2
𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2𝑥

1

3
𝑥 𝐻) − (2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥

1

2
𝑥 𝐻2) 

SF =
(

1

2
 𝑥 𝑞 𝑥 𝐿2)+( 

1

2
 𝑥 𝛾𝑏 𝑥 𝐻 𝑥 𝐿2)

(𝑞 𝑥 𝑘𝑎 𝑥 
1

2
 𝑥 𝐻2)+(

1

2
 𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2 𝑥 

1

3
 𝑥 𝐻)−(2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥 

1

2
 𝑥 𝐻2)

 

SF =
(

1

2
 𝑥 25 𝑥 𝐿2)+(

1

2
 𝑥 12.49 𝑥 6.75 𝑥 𝐿2)

(25 𝑥 0.6 𝑥 
1

2
 𝑥 6.752)+(

1

2
 𝑥 0.6 𝑥 14.49 𝑥 6.752𝑥

1

3
 𝑥 6.75)−(2 𝑥 10.79 𝑥√0.6 𝑥

1

2
 𝑥 6.752)

 

1.5 =
54.654𝐿2

344.604
 

54.654𝐿2 = 516.906 

𝐿2 =
516.906

54.654
 

𝐿 = √9.458 

𝐿   =  3.075 𝑚 

The calculated geotextile length of zone 3 to resist rolling on soil 

embankment is 3.5 m. 

 

c. Stability toward shear 

SF =
(𝑞 𝑥 𝑡𝑎𝑛𝛿 𝑥 𝐿)+(𝐻 𝑥 𝛾𝑏 𝑥 𝑡𝑎𝑛𝛿 𝑥 𝐿)

(𝑞 𝑥 𝑘𝑎 𝑥 𝐻)+(
1

2
 𝑥 𝐾𝑎 𝑥 𝛾𝑏 𝑥 𝐻2)−(2 𝑥 𝑐 𝑥√𝐾𝑎 𝑥 𝐻)

 

Shear resistance on reinforcement base (𝛿 =
2

3
𝑥14.5 = 9.667) 

SF =
(25 𝑥 𝑡𝑎𝑛(9.667) 𝑥 𝐿)+(6.75 𝑥 16 𝑥 𝑡𝑎𝑛(9.667) 𝑥 𝐿)

(25 𝑥 0.6 𝑥 6.75)+( 
1

2
 𝑥 0.6 𝑥 12.49 𝑥 6.752)−(2 𝑥 10.79 𝑥√0.6 𝑥 6.75)

 

1.5 =
18.619𝐿

158.966
 

19.93𝐿 = 238.45 

L =
238.45

19.93
 

𝐿 = 12.807 𝑚 

The calculated geotextile length of zone 3 to resist shear on soil 

embankment is 13 m. 
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d. Stability toward bearing capacity of soil 

𝐿 ≤ 
σult

(H x 𝛾𝑏)+𝑞
 

𝑞𝑢𝑙𝑡 = (c x Nc) + (0.5 x L x 𝛾𝑏 x N𝛾) 

  = (10.79𝑥10.4) + (0.5 𝑥 𝐿 𝑥 12.49 𝑥2.36) 

  = (168.301) + (14.756) 

σult = 𝑞𝑢𝑙𝑡 x SF 

  = (168.301) + (14.756)x 1.5 

= 178.342 + 22.134𝐿 

𝐿 ≤
178.342+22.134𝐿

(6.75 x 12.49)+25
 

109.308𝐿 ≤ 178.342 + 22.134𝐿  

𝐿 =
178.342

(109.308−22.134)
  

𝐿 =
178.342

87.173
  

𝐿 = 1.931𝑚  

The calculated geotextile length of zone 3 to resist bearing capacity on soil 

embankment is 2 m. 

 

5.5.3 Internal stability calculation 

Internal stability calculation is used to determine the geotextile overlapping 

length (Lo), geotextile effective length (Le), geotextile length on active zone (Lz), 

and geotextile total length (L) The calculation can be seen below. 

1. Geotextile overlapping length (Lo) 

Lo  =
σhc x Svi x SF

2 x  γb x Zi x tan φ
 

For the calculation of geotextile overlapping length number 1 on zone 1 

σhc =12.475kN/m²  

SF  =1.5 

Sv1 =1 m 

Zi  =1 𝑚 

Lo  =
σhc x Svi x SF

2 x  γb x Zi x tan φ
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  =
13.255  x 1  x  1.5

2 x 12.49 x 1 x tan 14.5
 

  =3.078 m  

Based on the calculation overlapping length, the length used is 3.5 m. The 

recapitulation of the geotextile overlapping length will be shown in Table 5.6.  

Table 5. 6 Recapitulation of Geotextile Overlapping Length 

Zone Geotextile Svi Zi (m)  Lo (m) Lo used (m) 

1 
Geotextile - 1 1 1 3.078 3.5 
Geotextile - 2 1 2 1.539 2 

2 
Geotextile - 3 1 3 1.025 1.5 
Geotextile - 4 1 4 0.769 1 

3 

Geotextile - 5 0.5 4.5 0.873 1 
Geotextile - 6 0.5 5 0.786 1 
Geotextile - 7 0.5 5.5 0.714 1 
Geotextile - 8 0.5 6 0.655 1 
Geotextile - 9 0.5 6.5 0.604 1 
Geotextile - 10 0.5 6.75 0.582 1 

2. Geotextile effective length (Le) 

Le  =
SF x Svi x Ka x  γb x Zi

2 x  γb x Zi x tan φ
 

For the calculation of geotextile effective length number 1 on zone 1 

Le  =
1.5 x 1 x 0.6 x 12.49 x 1

2 x 12.49 x 1 x tan 14.5
 

  = 1.739 𝑚 

Based on the calculation effective length, the length used is 2 m. The 

recapitulation of the geotextile effective length will be shown in Table 5.7. 

Table 5. 7 Recapitulation of Geotextile Effective Length 

Zone Geotextile Svi Zi (m)  Le (m) Le pakai (m) 

1 
Geotextile - 1 1 1 1.739 2 
Geotextile - 2 1 2 1.739 2 

2 
Geotextile - 3 1 3 1.739 2 
Geotextile - 4 1 4 1.739 2 

3 
Geotextile - 5 0.5 4.5 0.869 1 
Geotextile - 5 0.5 4.5 0.869 1 
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Continuation Table 5. 7 Recapitulation of Geotextile Effective Length 

3 

Geotextile - 6 0.5 5 0.869 1 
Geotextile - 7 0.5 5.5 0.869 1 
Geotextile - 8 0.5 6 0.869 1 
Geotextile - 9 0.5 6.5 0.869 1 
Geotextile - 10 0.5 6.75 0.869 1 

3. Geotextile length on active zone (Lz) 

Lz  =(H-Zi). tan(45° −
φ

2
) 

For the calculation of geotextile length on active zone number 1 on zone 1 

Lz  =(2-1). tan(45° −
14.5

2
) 

  = 0.774 𝑚 

Based on the calculation of geotextile length on active zone, the length used is 

1 m. The recapitulation of the geotextile length on active zone will be shown in 

Table 5.8. 

Table 5. 8 Recapitulation of Geotextile Length on Active Zone 

Zone Geotextile Svi Zi (m)  Lz (m) Lz used (m) 

1 
Geotextile - 1 1 1 0.774 1 
Geotextile - 2 1 2 0.000 1 

2 
Geotextile - 3 1 3 0.774 1 
Geotextile - 4 1 4 0.000 1 

3 

Geotextile - 5 0.5 4.5 1.742 2 
Geotextile - 6 0.5 5 1.355 1.5 
Geotextile - 7 0.5 5.5 0.968 1 
Geotextile - 8 0.5 6 0.581 1 
Geotextile - 9 0.5 6.5 0.194 1 
Geotextile - 10 0.5 6.75 0.000 1 

4. Geotextile total length  

Ltotal  = Lo + Sv + Le + Lz 

For the calculation of geotextile total length number 1 on zone 1 

Ltotal  =3.5 + 1 + 2 + 1 

   = 7.5 𝑚 



89 
 

Based on the calculation of geotextile total length, the length used is 7.5 m. The 

recapitulation of the geotextile total length will be shown in Table 5.9. 

Table 5. 9 Recapitulation of Geotextile Total Length 

Zone Geotextile Svi Zi (m)  Lo (m) Le (m) Lz (m) Ltotal (m) 

1 
Geotextile - 1 1 1 3.5 2 1 7.5 
Geotextile - 2 1 2 2 2 1 6 

2 
Geotextile - 3 1 3 1.5 2 1 5.5 
Geotextile - 4 1 4 1 2 1 5 

3 

Geotextile - 5 0.5 4.5 1 1 2 4.5 
Geotextile - 6 0.5 5 1 1 1.5 4 
Geotextile - 7 0.5 5.5 1 1 1 3.5 
Geotextile - 8 0.5 6 1 1 1 3.5 
Geotextile - 9 0.5 6.5 1 1 1 3.5 
Geotextile - 10 0.5 6.75 1 1 1 3.5 

 

5.5.4 Control of Tensile Strength between Soil and Geotextile  

The control of tensile strength between soil and geotextile is to know the 

vertical load that transferred by the soil embankment. The geotextile will be 

tensioned and redistribute the stress to the passive soil resistance. Therefore, control 

of tensile strength is required to ensure the geotextiles are able to withstand the 

working tensile strength by calculating the occurring shear stress. The working 

tensile strength on geotextile can be determined by equation below. 

1. Zone 1 

τ = 𝑐 +  σ 𝑥 tan φ 

 = 10.79 + (
1

2
 𝑥 1 𝑥 12.49 𝑥 tan 14.5) 

 = 10.919 𝑘𝑁/𝑚 

2. Zone 2 

τ = 𝑐 +  σ 𝑥 tan φ 

 = 10.79 + (
1

2
 𝑥 1 𝑥 12.49 𝑥 tan 14.5) 

 = 10.919 𝑘𝑁/𝑚 

3. Zone 2 

τ = 𝑐 +  σ 𝑥 tan φ 
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 = 10.79 + (
1

2
 𝑥 0.5 𝑥 12.49 𝑥 tan 14.5) 

 = 10.855 𝑘𝑁/𝑚 

Working tensile strength on geotextile. 

T = (τ1 + τ2 + τ3) 

 = 10.919 + 10.919 + 10.855 

 = 32.693 𝑘𝑁/𝑚  < 52 kN/m 

Based on the calculation of working tensile strength on geotextile obtained 

32.693 kN/m, while the allowable tensile strength on geotextile used is 52 kN/m. It 

can be concluded that the allowable tensile strength is exceeding the working tensile 

strength. Therefore, the geotextiles are able to withstand the working tensile 

strength. 

 

5.6 Embankment of Existing Condition Using Geotextile Reinforcement 

The analysis of Embankment slope using geotextile reinforcement on PLAXIS 

V20. The modelling for the embankment construction phase using the soil 

embankment based on the field. The embankment that will be used is STA 5+325 

of Tawang-Ngalang Segment IV Road. The width of the existing embankment is 

42.3 meters, the height is 6.75 meters, and the angle of the slope is 25º. 

 

5.6.1 Analysis of Construction Phase Existing Embankment Using Geotextile 
Reinforcement 

The stability analysis of the existing embankment using geotextile with internal 

slope angle of 25º is conducted in three phases. The first phase assumes that the 

embankment is completed to a height 2.75 meters, followed by an analysis of the 

embankment condition. The analysis is continued at height of 4.75 meters, and 6.75 

meters, by adding pavement load of 10 kN/m. The construction phase can be seen 

in Figure 5.4. 
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1. Embankment Phase 1 

The phase 1 of existing embankment with angle of 25º is done to the height of 

2.75 m. In order to know the deformation occurring on the location due to the 

loads mentioned before, deformed mesh is necessary. Deformed Mesh existing 

embankment phase 1 using geotextile based on PLAXIS V20 analysis 

can be seen in Figure 5.29. 

 

 
Figure 5. 29 Deformed Mesh Existing Embankment Phase 1 Using Geotextile Due to 

Embankment Load 

 

Displacement occurs on phase 1 of existing embankment with angle of 25º 

without reinforcement due to embankment load. Based on the indicator on 

PLAXIS V20, the bigger displacement shows redder colour. While smaller 

displacement indicated by the shade of blue. The displacement value of 

existing embankment phase 1 using geotextile due to embankment load is 

0.03644 m can be seen in Figure 5.30.   
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Figure 5. 30 Displacement Value of Existing Embankment Phase 1 Using Geotextile 

Due to Embankment Load 

The effective stress is used to calculate the factor of safety for embankment 

slope. Also, to identify the potentially failed slope area. The maximum amount 

effective stress of existing embankment phase 1 using geotextile due to 

embankment load is 5.329 x 10-15 kN/m2, can be seen in Figure 5.31. 

 
Figure 5. 31 Effective Stress of Existing Embankment Phase 1 Using Geotextile Due 

to Embankment 

Based on the PLAXIS V20 analysis, the type of the slope failure is rotation 

failure. The analysis result on PLAXIS V20 shows the factor of safety is 3.861. 

The stability analysis result show that the slope is in safe condition, with a 

factor of safety already meet the minimum requirement. Potential failure area 

on existing embankment phase 1 with angle of 25º using geotextile due to 

embankment load can be seen in Figure 5.32. 



93 
 

 
Figure 5. 32 Potential Failure Area on Existing Embankment Phase 1 With Angle Of 

25º Using Geotextile Due to Embankment Load 

 
2. Embankment Phase 2 

The phase 2 of existing embankment with angle of 25º is done to the height of 

4.75 m. In order to know the deformation occurring on the location due to the 

loads mentioned before, deformed mesh is necessary. Deformed Mesh existing 

embankment phase 2 using geotextile reinforcement based on PLAXIS V20 

analysis can be seen in Figure 5.33. 

 

 
 

Figure 5. 33 Deformed Mesh of Existing Embankment Phase 2 Using Geotextile 
Reinforcement Due to Embankment Load 
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Displacement occurs on phase 1 of existing embankment with angle of 25º 

without reinforcement due to embankment load. Based on the indicator on 

PLAXIS V20, the bigger displacement shows redder colour. While smaller 

displacement indicated by the shade of blue. The displacement value of 

existing embankment phase 2 using geotextile due to embankment load is 

0.06608 m can be seen in Figure 5.34.  

 

 
 

Figure 5. 34 Displacement Value of Existing Embankment Phase 2 Using Geotextile 
Due to Embankment Load 

 
The effective stress is used to calculate the factor of safety for embankment 

slope. Also, to identify the potentially failed slope area. The maximum amount 

effective stress of existing embankment phase 2 using geotextile due to 

embankment load is 8.882 x 10-15 kN/m2, can be seen in Figure 5.35. 
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Figure 5. 35 Effective Stress of Existing Embankment Phase 2 Using Geotextile Due 

to Embankment Load 

 
Based on the PLAXIS V20 analysis, the type of the slope failure is rotation 

failure. The analysis result on PLAXIS V20 shows the factor of safety is 2.393. 

The stability analysis result show that the slope is in safe condition, with a 

factor of safety already meet the minimum requirement. Potential failure area 

on existing embankment phase 2 with angle of 25º using geotextile due to 

embankment load can be seen in Figure 5.36. 

 
 

Figure 5. 36 Potential Failure Area on Existing Embankment Phase 2 with Angle of 
25º Using Geotextile Due to Embankment Load 

3. Embankment Phase 3 

The phase 3 of existing embankment with angle of 25º is done to the height of 

6.75 m. The pavement load of 10 kN/m2 and earthquake load is added to 
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embankment phase 3 analysis. In order to know the deformation occurring on 

the location due to the loads mentioned before, deformed mesh is necessary.  

Deformed Mesh for the existing embankment with angle of 25º by adding 

pavement and earthquake loads using geotextile based on PLAXIS V20 

analysis can be seen on Figure 5.37 and 5.38. 

 
Figure 5. 37 Deformed Mesh for Existing Embankment with Angle of 25º By Adding 

Pavement Load Using Geotextile 

 
Figure 5. 38 Deformed Mesh for Existing Embankment Angle of 25º By Adding 

Pavement and Earthquake Loads Using Geotextile 

Vertical displacement occurs on phase 3 of existing embankment with angle of 

25º using geotextile. Based on the indicator on PLAXIS V20, the bigger 
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displacement shows redder colour. While smaller displacement indicated by 

the shade of blue. The displacement value of the existing embankment with 

angle of 25º by adding pavement load using geotextile is 0.1216 m, while the 

displacement value of the existing embankment with angle of 25º by adding 

pavement and earthquake loads using geotextile 0.2193 m can be seen on 

Figure 5.39 and Figure 5.40. 

 

Figure 5. 39 Displacement Value of Existing Embankment with Angle of 25º By 
Adding Pavement Load Using Geotextile 

 

 

Figure 5. 40 Displacement Value of Existing Embankment with Angle of 25º By 
Adding Pavement and Earthquake Loads Using Geotextile 
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The effective stress is used to calculate the factor of safety for embankment 

slope. Also, to identify the potentially failed slope area. The maximum amount 

effective stress of existing embankment phase 3 using geotextile due to road 

structure load is 0.01776 x 10-12 kN/m2, while the maximum amount effective 

stress of existing embankment phase 3 using geotextile due to road structure 

and earthquake load is 58.59 kN/m2.  can be seen in Figure 5.41 and Figure 

5.42. 

 
Figure 5. 41 Effective Stress of Existing Embankment Phase 3 Using Geotextile By 

Adding Road Structure Load 

 
Figure 5. 42 Effective Stress of Existing Embankment Phase 3 Using Geotextile By 

Adding Road Structure and Earthquake Load 
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Based on the PLAXIS V20 analysis, the type of the slope failure is rotation 

failure. The analysis result for existing embankment with angle of 25º by 

adding pavement load on PLAXIS V20 shows the factor of safety is 2.984. 

While the analysis result for existing embankment with angle of 25º by adding 

pavement and earthquake loads on PLAXIS V20 shows the factor of safety is 

1.048. Potential failure area on the existing embankment with angle of 25º by 

adding pavement and earthquake loads using geotextile can be seen on Figure 

5.43 and Figure 5.44. 

 
Figure 5. 43 Potential Failure Area on Existing Embankment with Angle of 25º By 

Adding Pavement Load Using Geotextile 

 
Figure 5. 44 Potential Failure Area on Existing Embankment with Angle of 25º By 

Adding Pavement and Earthquake Loads Using Geotextile 
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The analysis using PLAXIS indicated a total consolidation settlement of 0.1378 

meter for the existing embankment phase 3 using geotextile with angle of 25º after 

a 365-day consolidation period. Consolidation settlement of existing embankment 

phase 3 with angle of 25º can be seen on Figure 5.45. 

 

 
 

Figure 5. 45 Consolidation Settlement of Existing Embankment Phase 3 Using 
Geotextile with Angle of 25º 

 
 
5.6.2 Analysis of Post-Construction Existing Embankment Using Geotextile 

Reinforcement 

Post construction embankment means that road constructing can be started. 

The road structure and traffic loads of 25 kN/2 and earthquake load is added to the 

post-construction analysis. In order to know the deformation occurring on the 

location due to the loads mentioned before, deformed mesh is necessary. Deformed 

Mesh for the existing embankment with angle of 25º by adding the road structure 

load and earthquake load using geotextile based on PLAXIS V20 analysis 

can be seen on Figure 5.46 and Figure 3.47. 
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Figure 5. 46 Deformed Mesh for Existing Embankment with Angle Of 25º By 

Adding Road Structure Load Using Reinforcement 

 
Figure 5. 47 Deformed Mesh for Existing Embankment with Angle Of 25º By 

Adding Road Structure and Earthquake Loads Using Reinforcement 

 

Vertical displacement occurs on post construction embankment with angle of 25º 

without reinforcement. Based on the indicator on PLAXIS V20, the bigger 

displacement shows redder colour. While smaller displacement indicated by the 

shade of blue. The displacement value of the existing embankment with angle of 

25º by adding the road structure load using geotextile is 0.1557 m, while 

displacement value of the existing embankment with angle of 25º by adding the 
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road structure load and earthquake load using geotextile is 0.4865 m can be seen on 

Figure 5.48 and Figure 5.49.  

 
Figure 5. 48 Displacement Value of Existing Embankment with Angle Of 25º By 

Adding Road Structure Load Using Geotextile 

 
Figure 5. 49 Displacement Value of Existing Embankment with Angle Of 25º By 

Adding Road Structure and Earthquake Load Using Geotextile 

 

The effective stress is used to calculate the factor of safety for embankment slope. 

Also, to identify the potentially failed slope area. The maximum amount effective 

stress of existing embankment with angle of 25º by adding pavement load using 

geotextile is 0.01776 x 10-12 kN/m-12 kN/m2, while the maximum amount effective 
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stress of existing embankment phase 3 using geotextile due to road structure and 

earthquake load is 58.59 kN/m2. The effective stress of existing embankment with 

angle of 25º by adding road structure and earthquake load using geotextile can be 

seen in Figure 5.50 and Figure 5.51. 

 
Figure 5. 50 Effective Stress of Existing Embankment with Angle Of 25º By Adding 

Road Structure Using Geotextile 

 
Figure 5. 51 Effective Stress of Existing Embankment with Angle Of 25º By Adding 

Road Structure and Earthquake Load Using Geotextile 

 

Based on the PLAXIS V20 analysis, the type of the slope failure is rotation failure. 

The analysis result for existing embankment with angle of 25º by adding the road 

structure load on PLAXIS V20 shows the factor of safety is 2.702. While the 
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analysis result for existing embankment with angle of 25º by adding the road 

structure load and earthquake load on PLAXIS V20 shows the factor of safety is 

1.402. Potential failure area on the existing embankment with angle of 25º by the 

road structure load and earthquake load using geotextile can be seen on Figure 5.52 

and Figure 5.53. 

 
Figure 5. 52 Potential Failure Area on Existing Embankment with Angle Of 25º By 

Road Structure Load Using Geotextile 

 
Figure 5. 53 Potential Failure Area on Existing Embankment with Angle of 25º By 

Road Structure and Earthquake Load Using Geotextile 

 
The analysis using PLAXIS indicated a total consolidation settlement of 0.1813 

meter for the existing embankment phase 3 with angle of 25º after a 365-day 

consolidation period. Consolidation settlement of existing embankment post-

construction with angle of 25º can be seen on Figure 5.54. 
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Figure 5. 54 Consolidation Settlement of Reinforced Existing Embankment Post-

Construction with Angle Of 25º  

 

Based on the embankment stability analysis for existing embankment with internal 

friction angle of 25 ̊, factor of safety on embankment with geotextile reinforcement 

under pavement load is still relatively safe with value more than 1.5 as planned 

previously. While added with both pavement and earthquake loads, the minimum 

factor of safety based on SNI 8460:2017 of 1.1 could be obtained. Therefore, 

smaller value of internal friction angle of 20 ̊ is created to provide a better 

alternative. 

5.7 Discussion 

Embankment stability analysis research is meant to find the value of 

embankment factor of safety. The embankment stability analysis is conducted using 

PLAXIS V20 based on Finite Element Method under the condition of existing 

embankment and alternative embankment that has been determined before. Then, 

the analysis is conducted in two conditions, with and without geotextile 

reinforcement. Embankment stability analysis is based on construction and post-

construction phases. Parameter used for the analysis includes uniformly distributed 

load of the road structure, traffic load, and earthquake load that refers to earthquake 

zone map of Indonesia. 
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5.7.1 Factor of safety 

Slope stability is an extremely critical aspects in terms of slope structure to 

resist any external forces that will result in failure. The stability of slope is measured 

by Factor of Safety. The value is taken based on SNI 8460:2017 about the 

requirement of geotechnical engineering. The factor of safety for slope structure is 

no less than 1.25 under normal condition when loaded only with pavement and 

traffic load. While under the earthquake load, the factor of safety must be or no less 

than 1.1. 

1. Construction phase 

During this phase, the slope condition is still in undrained condition, where 

stability is not yet achieved due to adjustments of specific gravity of the soil 

due to the immediate loading. For construction phase, the factor of safety is 

affected solely by the embankment phase, and for the top layer of the 

embankment added with pavement and earthquake loads. The factor of safety 

recapitulation for construction phase can be seen on Table 5.10.  

Table 5. 10 Factor of Safety Recapitulation for Construction Phase 

Data Phase 1 Phase 2 

Phase 3 

Pavement 
Load 

Pavement 
and 

Earthquake 
Loads 

Existing Embankment of 25ᵒ 3.479 2.234 1.444 1.048 
Existing Embankment of 25ᵒ 

Using Geotextile 
5.247 3.659 2.984 1.473 

Embankment of 20ᵒ 3.861 2.393 1.598 1.077 
Embankment of 20ᵒ Using 
Geotextile 

5.705 4.102 3.307 1.509 

 

To better understand regarding the trend of safety factor due to the loading of 

each variation, the bar chart is presented on Figure 5.55. 
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Figure 5. 55 Safety Factor for Construction Phase 

The factor of safety of each phase indicates a decreasing trend in its value. As 

the embankment height increase in each phase, the load on embankment also 

increased.  

While analysis on smaller angle resulting a factor of safety value that meets the 

requirement in SNI 8460:2017. As the smaller angle produce smaller shear 

stresses. Therefore, the slope is safer compare to the existing angle with bigger 

value.  

Based on the analysis result, the application of geotextile can increase the factor 

of safety of each phase, both existing embankment, as well as alternative 

embankment. The shear capacity also increseas as the result of geotextile 

installation.  

 

2. Post-construction 

On this phase, the slope condition is in drained condition because the stability 

of pore water pressure is already achieved. The factor of safety recapitulation 

for post-construction can be seen on Table 5.11.  
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Table 5. 11 Factor of Safety Recapitulation for Post-Construction 

Data 
Road 

Structure 
Load 

Road Structure 
and 

Earthquake 
Load 

Existing Embankment of 25ᵒ 1.211 collapse 
Existing Embankment of 25ᵒ Using Geotextile 2.702 1.402 
Embankment of 20ᵒ 1.343 collapse 
Embankment of 20ᵒ Using Geotextile 2.944 1.483 

 

To better understand regarding the trend of safety factor due to the loading of 

each variation, the bar chart is presented on Figure 5.56.

 

Figure 5. 56 Safety Factor for Post-construction Phase 

The safety factor on post-construction phase has smaller value compares to the 

one during construction phase. Because the working load of embankment 

during this phase is bigger.  

Based on the analysis result, the application of geotextile can increase the factor 

of safety of each phase, both existing embankment, as well as alternative 

embankment. The shear capacity also increseas as the result of geotextile 

installation.  
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5.7.2 Consolidation Settlement 

The settlement and stability of soil embankment related to each other. Uneven 

settlement can result in instability on embankment slope. Settlement occurs due to 

the working load on soil, both from the self-weight load and additional load from 

the upper structure. The recapitulation of settlement can be seen in Table 5.12. 

Table 5. 12 Recapitulation of Consolidation Settlement 

Consolidation Settlement 
Construction 

Phase 
Post-

Construction 
Existing Embankment of 25ᵒ 0.1405 m 0.1905 m 
Existing Embankment of 25ᵒ Using Geotextile 0.1378 m 0.1813 m 
Embankment of 20ᵒ 0.1364 m 0.1845 m 
Embankment of 20ᵒ Using Geotextile 0.1345 m 0.1764 m 

To better understand regarding the trend of safety factor due to the loading of each 

variation, the bar chart is presented on Figure 5.57. 

 

Figure 5. 57 Consolidation Settlement  

Slope gradient can affect the settlement occured on the slope embankment. The 

smaller the slope angle, the smaller settlement will occur. This is because the 

distribution of load working on the lower part of the slope is smaller compare to 

the gradient of the slope itself.  
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As has been mentioned before, settlement occurs due to the load working on 

soil. Therefore, the bigger the load working above the embankment structure, the 

bigger the settlement will be.  
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CHAPTER VI 
CONCLUSION AND SUGGESTION 

 

 

6.1 Conclusion 

Based on the analysis and discussion of embankment stability, there are some 

points that can be drawn as the conclusion. They are: 

1. The safety factor analysis of existing slope with internal angle of 25° without 

reinforcement by using PLAXIS V20 based on finite element method for the 

construction phase is 1.211, as for the post construction is collapse. 

2. The safety factor analysis of reinforced existing slope with internal angle of 

25° by using PLAXIS V20 based on finite element method for the construction 

phase is 2.702, as for the post construction is 1.402. 

3. The consolidation settlement of existing slope with internal angle of 25° by 

using PLAXIS V20 based on finite element method for the construction phase 

is 0.1405, as for the post construction is 0.1095. While the reinforced existing 

slope with internal angle of 25° for the construction phase is 0.1378, as for the 

post construction is 0.1813. 

4. The safety factor analysis of alternative internal angle of 20° without 

reinforcement by using PLAXIS V20 based on finite element method for the 

construction phase is 1.343, as for the post construction is collapse. 

5. The safety factor analysis of reinforced alternative internal angle of 20° by 

using PLAXIS V20 based on finite element method for the construction phase 

is 2.944, as for the post construction is 1.483. 

6. The consolidation settlement of alternative internal angle of 20° by using the 

finite element method for PLAXIS V20 based on construction phase is 0.1364, 

as for the post construction is 0.1845. While the reinforced existing slope with 

internal angle of 20° for the construction phase is 0.1345, as for the post 

construction is 0.1764. 
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6.2 Suggestion 

There are some suggestions that the writer would like to give to obtain a better 

result on future research regarding pile foundation design.  

1. The application of replacement method is suggested as initial action to 

reinforce the existing soil. Therefore, the need of additional reinforcement is 

set to minimum amount.  

2. The comprehensive research on the reinforcement type for embankment used 

to get the most suitable type for the existing condition.  

3. The addition of budget plan and time analysis calculations to help the 

determination of the most effective and efficient embankment reinforcement. 
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Appendix 1 Cross Section of STA 5+325 
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Appendix 2 SPT Value 
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Appendix 3 Recapitulation of Laboratory Result 
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Appendix 4 Geotextile Specification 
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Appendix 5 Deformed Mesh of Alternative Internal Angle Of 20° For Phase 1 
Without Reinforcement Due to Embankment Load 

 
 
 

Appendix 6 Displacement Value of Alternative Internal Angle Of 20° For Phase 1 
Without Reinforcement Due to Embankment Load  
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Appendix 7 Effective Stress of Alternative Internal Angle Of 20° Phase 1 Without 
Reinforcement Due to Embankment Load 

 
 
 

Appendix 8 Potential Failure Area on Alternative Internal Angle Of 20° Phase 1 
Without Reinforcement Due to Embankment Load 

 
 



122 
 

Appendix 9 Deformed Mesh of Alternative Internal Angle Of 20° For Phase 2 
Without Reinforcement Due to Embankment Load 

 
 

Appendix 10 Displacement Value of The Alternative Internal Angle Of 20° For 
Phase 2 Without Reinforcement Due to Embankment Load  
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Appendix 11 Effective Stress of Alternative Internal Angle Of 20° Phase 2 Without 
Reinforcement Due to Embankment Load 

 
 

Appendix 12 Potential Failure Area on Alternative Internal Angle Of 20° Phase 2 
Without Reinforcement Due to Embankment Load 
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Appendix 13 Deformed Mesh of Alternative Internal Angle Of 20° For Phase 3 
Without Reinforcement by Adding Pavement Load 

 
 

Appendix 14 Deformed Mesh of Alternative Internal Angle Of 20° For Phase 3 
Without Reinforcement by Adding Pavement and Earthquake Load 
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Appendix 15 Displacement Value of The Alternative Internal Angle Of 20° For 
Phase 3 Without Reinforcement by Adding Pavement Load 

 
 

Appendix 16 Displacement Value of The Alternative Internal Angle Of 20° For 
Phase 3 Without Reinforcement by Adding Pavement and Earthquake Load 
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Appendix 17 Effective Stress of Alternative Internal Angle Of 20° Phase 3 Without 
Reinforcement by Adding Pavement Load 

 
 

Appendix 18 Effective Stress of Alternative Internal Angle Of 20° Phase 3 Without 
Reinforcement by Adding Pavement and Earthquake Load 
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Appendix 19 Potential Failure Area on Alternative Internal Angle Of 20° Phase 3 
Without Reinforcement by Adding Pavement Load 

 
 

Appendix 20 Potential Failure Area on Alternative Internal Angle Of 20° Phase 3 
Without Reinforcement by Adding Pavement and Earthquake Load 
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Appendix 21 Consolidation Settlement of Alternative Internal Angle Of 20° Phase 3 
For Construction Phase 

 
 

Appendix 22 Deformed Mesh for On Alternative Internal Angle Of 20° By Adding 
Road Structure Load Without Reinforcement 
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Appendix 23 Displacement Value of The Alternative Internal Angle Of 20° By 
Adding Road Structure Load Without Reinforcement 

 
 
 

Appendix 24 Effective Stress of Alternative Internal Angle Of 20° By Adding Road 
Structure Load Without Reinforcement 
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Appendix 25 Potential Failure Area on The Alternative Internal Angle Of 20° By 
Road Structure Load Without Reinforcement 

 
 

Appendix 26 Consolidation Settlement of Alternative Internal Angle Of 20° For 
Post-Construction 
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Appendix 27 Deformed Mesh of Reinforced Alternative Internal Angle Of 20° For 
Phase 1 Using Geotextile Due to Embankment Load 

 
 
Appendix 28 Displacement Value of The Reinforced Alternative Internal Angle Of 

20° For Phase 1 Using Geotextile Due to Embankment Load 
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Appendix 29 Effective Stress of Reinforced Alternative Internal Angle Of 20° Phase 
1 Using Geotextile Due to Embankment Load 

 
 

Appendix 30 Potential Failure Area on Reinforced Alternative Internal Angle Of 
20° Phase 1 Using Geotextile Due to Embankment Load 
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Appendix 31  Deformed Mesh of Reinforced Alternative Internal Angle Of 
20° For Phase 2 Using Geotextile Due to Embankment Load 

 
 
 

Appendix 32 Displacement Value of The Reinforced Alternative Internal Angle Of 
20° For Phase 2 Using Geotextile Due to Embankment Load 
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Appendix 33 Effective Stress of Reinforced Alternative Internal Angle Of 20° Phase 
2 Using Geotextile Due to Embankment Load 

 
 

Appendix 34 Potential Failure Area on Reinforced Alternative Internal Angle Of 
20° Phase 2 Using Geotextile Due to Embankment Load 
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Appendix 35 Deformed Mesh of Reinforced Alternative Internal Angle Of 20° For 
Phase 3 Using Geotextile by Adding Pavement Load 

 
 
 

Appendix 36 Deformed Mesh of Reinforced Alternative Internal Angle Of 20° For 
Phase 3 Using Geotextile by Adding Pavement and Earthquake Loads 
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Appendix 37 Displacement Value of Reinforced Alternative Internal Angle Of 20° 
For Phase 3 Using Geotextile by Adding Pavement Load 

 
 
 

Appendix 38 Displacement Value of Reinforced Alternative Internal Angle Of 20° 
For Phase 3 Using Geotextile by Adding Pavement And Earthquake Loads 
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Appendix 39 Effective Stress of Reinforced Alternative Internal Angle Of 20° Phase 
3 Using Geotextile by Adding Pavement Load 

 
 
 

Appendix 40 Effective Stress of Reinforced Alternative Internal Angle Of 20° Phase 
3 Using Geotextile by Adding Pavement And Earthquake Loads 
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Appendix 41 Potential Failure Area on Reinforced Alternative Internal Angle of 20° 
For Phase 3 Using Geotextile by Adding Pavement Load 

 
 

Appendix 42 Potential Failure Area on Reinforced Alternative Internal Angle Of 
20° For Phase 3 Using Geotextile by Adding Pavement and Earthquake Loads 
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Appendix 43 Consolidation Settlement on Reinforced Alternative Internal Angle Of 
20° For Construction Phase 

 
 
 

Appendix 44 Deformed Mesh for Reinforced Alternative Angle Of 20º By Adding 
Road Structure Load Using Reinforcement 
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Appendix 45 Deformed Mesh for The Reinforced Alternative Angle Of 20º By 
Adding Road Structure and Earthquake Loads Using Reinforcement 

 
 

Appendix 46 Displacement Value of Reinforced Alternative Internal Angle of 20° 
Using Geotextile by Adding Road Structure Load 
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Appendix 47 Displacement Value of Reinforced Alternative Internal Angle Of 20° 
Using Geotextile by Adding Road Structure and Earthquake Loads 

 
 

Appendix 48 Effective Stress of Reinforced Alternative Internal Angle Of 20° By 
Adding Road Structure Load Using Geotextile 
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Appendix 49 Effective Stress of Reinforced Alternative Internal Angle Of 20° By 
Adding Road Structure and Earthquake Loads Using Geotextile 

 
 
 

Appendix 50 Potential Failure Area on The Reinforced Alternative Internal Angle 
Of 20° By Road Structure Load Using Geotextile 
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Appendix 51 Potential Failure Area on The Reinforced Alternative Internal Angle 
Of 20° By Road Structure and Earthquake Loads Using Geotextile 

 
 
 

Appendix 52 Consolidation Settlement of Reinforced Alternative Internal Angle Of 
20° Using Geotextile for Post-Construction 
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