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SOIL NAILING BY USING GEO 5 PROGRAM 

ABSTRAK 
 Indonesia mempunyai banyak area pegunungan, lereng, dan bukit dan area-

area tersebut sering digunakan sebagai rumah, resor, hotel, dan jalan sebagai 

infrastruktur. Namun, banyak lereng yang tidak stabil, karena itu harus ada 

perkuatan pada lereng untuk mengatasi masalah longsor, dan salah satunya adalah 

dinding soil nailing. Untuk mempermudah saat mendesain dinding soil nailin, 

makas dibutuhkan program bantu. Dari permasalahan ini penulis ingin menyelediki 

penggunaan program dalam mendesain dinding soil nailing, programnya adalah 

Geo 5. Dalam penelitian ini data diambil dari jalan Piyungan- batas Gunung Kidul. 

Dinding sol nbailing yang terdiri dari nail bar dan grout, mengontrol stabilitas 

internal (kegagalan cabut nail dan kegagalan tarik nail) dan stabilitas eksternal 

(stabilitas global, stabilitas gelincir dan stabilitas kapasitas bearing), berat jenis 

tanah (𝛾) 15.186 kN/m3; specific gravity (𝐺𝑠) 2.66; kohesi (𝑐) 15.984 kN/m2; and 

sudut gesek (𝜙) 30.440. 

Kondisi geologi pada lapisan tanah di lokasi yang diselidiki di dominasi 

oleh pasir. Perhitungan dilakukan secara manual dan dengan program Geo 5. 

Setelah perhitungan, hasilnya adalah is stabilitas global (FSG) adalah 2.42 (manual) 

dan 2.43 (Geo 5) > 1.5(aman).Stabilitas gelincir (FSSL) adalah 3.53 (manual) dan 

8.29 (Geo 5) > 1.5(aman). Kapasitas bearing (FSH) is 12.85 (manual) dan 8.57 (Geo 

5) > 3.0 (safe). Kegagalan tarik nail (FST) adalah 3.04 (manual) dan kegagalan cabut 

nail (FSP) is 6.37 (manual) dan stabilitas internal adalah 3.21 (Geo 5) > 2.0 (aman). 

 Perbedaan pada hasil perhitungan manual dan program Geo 5 disebabkan 

oleh perbedaan rumus dan metode yang digunakan. Pada perhitungan manual 

menggunakan Rankine dan di program Geo 5 menggunakan Coulomb dan Caquot- 

Kerisel. Dan juga karena pada perhitungan manul mengabaikan adanya grout dan 

lapisan beton pada dinding soil nailing. 

Kata kunci: program geo5, soil nailing, stabilitas lereng, nailed slope 

 

SOIL NAILING BY USING GEO 5 PROGRAM 
ABSTRACT 

Indonesia has many mountainous area, slope and hills and it often used as 

residents, resorts, hotels, and highway as infrastructure. However many slopes is 

unstable, therefore should be a reinforcement on slope to overcome the problem of 

landslides, and it is soil nail wall. To make easy when design soil nail wall, it needed 

the assistive program. Based on this problem, the writer want to investigate the 

usage of program in designing soil nail wall, the program is Geo 5. In this research 

data is taken from Piyungan road-the boarder of Gunung Kidul. Soil nail wall that 

consist of nail bar and grout, controlling the internal stability (nail pull-out failure 

and nail tensile failure) and external stability (global stability, sliding, bearing 

capacity), weight of soil (𝛾) 15.186 kN/m3; specific gravity (𝐺𝑠) 2.66; cohesion (𝑐) 

15.984 kN/m2; and friction angle (𝜙) 30.440. 

Geology condition of soil layer in investigation location is dominated by 

sand. Calculation done by manual calculation and Geo 5 program. After the 

calculation, the result is Global stability (FSG) is 2.42 (manual) and 2.43 (Geo 5) > 
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1.5(safe).Sliding stability (FSSL) is 3.53 (manual) and 8.29 (Geo 5) > 

1.5(safe).Bearing capacity (FSH) is 12.85 (manual) and 8.57 (Geo 5) > 3.0 (safe). 

Nail tensile failure (FST) is 3.04 (manual) and nail pull out resistance (FSP) is 6.37 

(manual) and internal stability is 3.21 (Geo 5) > 2.0 (safe). 

The differences result between manual calculation and Geo 5 program are 

caused by differences of equation and method that have been used. In manual 

calculation is using Rankine and in Geo 5 program using Coulomb and Caqout- 

Kerisel. And also because of manual calculation ignoring the calculation of grout 

and concrete cover. 

Keywords: geo5 program, soil nailing, slope stability, nailed slope 

 
1. INTRODUCTION 

1.1. Background  

Based on geological position, Indonesia has many mountainous area, slope 

and hills. Because of that, mountainous area, slope and hills often used as resident, 

resort, hotels, and of course the highway as infrastructure. However many soil 

condition and slopes is unstable, especially when we added the existing high 

rainfall, then the possibility of occurrence of the landslide will be higher. Therefore, 

there should be a reinforcement on the slope conditions as a way to overcome the 

problem of landslides, and is it to install soil nailing as retrofitting slopes. Another 

thing to consider in the design of soil nailing is Internal Stability Analysis, namely 

soil nailing reinforcement must be able to withstand the loads that are working 

(tensile load and shear load), and then that is External Stability Analysis to ensure 

the required length of soil nailing able to withstand global stability. 

To speed up the calculation and to minimize errors when designing soil 

nailing, it needed assistive program that is Geo5 program. 

 

1.2. Statement  

1. The need for research on Internal Stability Analysis and External 

Stability Analysis on Soil Nailing. 

2. Finding the value of the Safety Factor for Soil Nailing using data from 

Geo5 program. 

 

1.3. The Research Objective  

1. Designing and calculating the dimensional stability of Soil Nailing. 
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2. Find the value of Safety Factor for the stability for Soil Nailing using Geo5 

program. 

 

1.4. Benefit of The Research 

1. General benefit, provide knowledge of new program in geotechnical field, 

particularly civil engineering students of Muhammadiyah University of 

Surakarta, namely Geo5 program. And providing an alternative design 

dimension and stability of soil nailing be more accurate, fast and effective. 

2. Determine the extent of using Geo5 program for design soil nailing, so the 

program can be used and applied in the field. 

3. Helping to solve landslides problem in Indonesia. 

 

1.5. Limitation of The Research 

1. This research is done in Piyungan road – the border from Gunung Kidul. 

2. The design is only done until temporary facing in construction sequence of 

soil nailing. 

3. The dimension and amount of nail bar are adjusted to the need in the field. 

4. In manual calculation concrete cover and grout is ignored to simplify the 

calculation. 

5. Ground water table not calculated. 

6. Control stability of nailed slope against external stability ( global stability, 

sliding, bearing capacity) and internal stability (nail pull-out failure and nail 

tensile failure) 

7. Soil data from test result Direct Shear Test), weight of soil (𝛾) 15.186 kN/m3; 

specific gravity (𝐺𝑠) 2.66; cohesion (𝑐) 15.984 kN/m2; and friction angle (𝜙) 

30.440. 

2. RESEARCH METHOD 

2.1. Research Tools 

2.1.1. Geo 5 v19 

This program is a computer program used for calculation, stability 

controlling, visualization, and this program make the designer easy for simply 
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entering the existing data of soil and dimension of soil nail wall which are 

desired. Then the program will automatically analyzing and shown into a 

programming language that is easy to understand. 

2.1.2. AutoCAD 2013 

This program is used to draw the structure details that required and to 

draw structure in design. 

2.1.3. Microsoft Office 2011 

This program is used to create reports, charts, flowcharts, analysis data, 

and table. 

2.2. Research Step 

Step I  : Literature Review. 

Step II : Collecting the soil data of Piyungan road- the border of Gunung 

Kidul. 

Step III :  From all the data that has been collected, designed and analyzed. 

The analysis of  soil nail wall using this method below: 

a. Designing and Calculating with Geo 5 program. 

b. Calculate with manual/ conventional method. 

Step IV : Discussion  

Step V : Conclusion and suggestion  

Step VI : Finish  

2.3. Implementation of The Research  

2.3.1 Preparation for Taking The Data 

In this research the problem is to re-design retaining wall (Talud) that 

have been existing in Piyungan Road – the border of Gunung Kidul with using  

soil nail walls, so the data that needed has been existed.  

2.3.2. Analysis of Soil Nail Wall using Geo 5 and Conventional Method 

First design the dimension of  soil nail wall from the data that has been 

existed from Piyungan road- the border of Gunung Kidul, such as unit weigh 

of soil (𝛾), specific gravity (𝐺𝑠), cohesion (𝑐), and friction angle (𝜙). Then 

calculated the external stability and internal stability of soil nail wall using the 

Geo 5 program. 
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Analysis the soil nail wall that had been designed in Geo 5 program using 

conventional method, the data that needed can be obtained from data dimension of 

soil nail wall in Geo 5 program, data that needed in conventional method is such as 

weigh of soil (𝛾), specific gravity (𝐺𝑠), cohesion (𝑐), and friction angle (𝜙) and the 

data of material that used for soil nail walls reinforcement. 

 

3. ANALYSIS AND DISCUSSION 

The design is based on the statement of the research, where the data taken 

such as unit weigh of soil (𝛾), specific gravity (𝐺𝑠), cohesion (𝑐), and friction angle 

(𝜙). The data taken is based on in situ test or based on the test result from the 

laboratory with soil sample from the planned location. After get the parameter for 

designing soil nail wall, the calculation of external stability (consist of global 

stability, sliding and bearing capacity) and the calculation of internal stability 

(consist of stability against pull-out failure and stability against nail tensile failure) 

can be done by manual calculation and using GEO5 program 

 Soil Data Collection 

 In order to calculate the dimensional stability of soil nail wall, there we will be 

needed the parameters of soil that will be planned. Soil data that will be used for 

calculation of dimension soil nail wall is data from bor hole I. The data can be seen 

in table below: Soil data of Bor Hole I 

 

(Source: soil mechanic laboratory Universitas Sebelas Maret, Ahsin, 9 January 

2007) 

 

 

 

Type Bor Hole I (BH I) 

Unit Weight of Soil (𝛾) 1.548 gr/cm3 15.186 kN/m3 

Specific Gravity (Gs) 2.66 2.66 

Cohesion  (c) 0.163  kg/cm2 15.984  kN/m2 

Friction Angle (𝜙) 30.440 30.440 

Average Water Content (𝜔) 44.82 % 44.82  
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3.1. Analysis of Soil Nail Wall by Manual Calculation 

3.1.1. Determine the outset dimension of nailed slope  

The data design of nailed slope 

 

 

Sketch of Nailed Slope against Global Stability 

3.1.2. Calculate Factor of safety against global 

3.1.3. Calculate factor of safety against sliding ( FSSL) 

 

 

Stability against sliding on nailed slope 

 

 

3.1.4. Stability against bearing capacity of soil (FSH) 

 

3.1.5. Calculate internal stability 
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 Calculate factor of safety against tensile strength failure (FST) 

𝐹𝑆𝑇 =

1
4

𝜋 𝑑4𝑓𝑦

1000

𝜎ℎ𝑆𝑣 𝑆ℎ
=

1
4

𝜋 0.0292414

1000

20.4120𝑥1𝑥1
= 13.3968  FST  = 13.3968 > 1.8 (safe)  

 Calculate factor of safety against pull out resistance (FSP) 

𝐹𝑆𝑃 =
𝜋 𝑞𝑢 𝐷𝐷𝐻𝐿𝑒

𝜎ℎ𝑆𝑣 𝑆ℎ
=

𝜋𝑥125𝑥0.15𝑥4.5645

20.4120𝑥1𝑥1
= 13.1722  

FSP = 13.1722 > 2.0 (safe) 

Calculation of slope internal stability 

 

3.2.Discussion 

 From the calculation result above, it can be seen the result of manual 

calculation and the result of Geo 5 program have many differences, the result is as 

follow: 

Result of manual calculation and Geo 5 program 

 

 After observing the data result, we can conclude that the final result of 

manual calculation using manual method and Geo 5 program is the same but the 

value is different. The causes of differences is explained below. 
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 The differences occur in global stability, in manual (2.42) and in Geo 5 (2.43), 

is because of different calculation method. The calculation method for manual 

calculation is using wedge method, meanwhile the calculation in Geo 5 is using 

bishop method.  

 The differences in sliding, in manual (3.53), and in Geo 5 (8.29) is because in 

Geo 5 program calculation is including the concrete cover and grout cover, so 

the concrete cover resist the load of soil against sliding that cause safety factor 

against sliding have bigger value than using manual program where concrete 

cover and grout not included in calculation. In manual calculation concrete 

cover and grout is ignored to simplify the calculation.  

 The difference in bearing capacity, in manual (12.85), and in Geo 5 (8.57) is 

because the load of concrete cover affect the capacity energy of soil so in Geo 

5 program where the concrete cover is include in calculation the safety factor 

of bearing is smaller than using manual calculation where the concrete cover is 

ignored. 

 For the internal stability the differences occur because in Geo 5 internal stability 

is calculated in all resisting component become one but in manual it separated 

become nail bar tensile failure and nail pull out failure. 

The differences is also occur because of different method of active earth 

pressure calculation, in Geo 5 active earth pressure calculation is using 

Coulomb but in manual active earth pressure calculation using Rankine. 

4. CONCLUSION AND SUGGESTION 

4.1. Conclusion 

 This structure design of nailed slope located in Piyungan Street – 

Gunungkidul border is safe against internal stability and external stability. The 

result of the research is below: 

1. The structure material of nailed slope is using nail bar with the diameter of 29 

mm and the grade is 60 ksi or 414 MPa from table threaded bar properties 

ASTM A615 (table II.1).  

2. Concrete cover temporary facing is 0.21 m got from program nailed slope. 

3. Comparison between manual calculation and Geo 5 program 
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a. Global stability (FSG) is 2.42 (manual) and 2.43 (Geo 5) > 1.5 (safe). 

b. Sliding stability (FSSL) is 3.53 (manual) and 8.29 (Geo 5) > 1.5 (safe). 

c. Bearing capacity (FSH) is 12.85 (manual) and 8.57 (Geo 5) > 3.0 (safe). 

d. Nail tensile failure (FST) is 3.04 (manual) and nail pull out resistance (FSP) is 

6.37 (manual) and internal stability is 3.21 (Geo 5) > 2.0 (safe). 

 

The differences result of stability between manual calculation and Geo 5 

program are caused by differences of equation and method that have been used. In 

manual calculation is using Rankine and in Geo 5 program using Coulomb and 

Caqout- Kerisel. And also because of manual calculation ignoring the calculation 

of grout and concrete cover. 

4.2. Suggestion 

1. Before using the Geo 5 program, suggestion from writer is to apprehend about 

manual calculation about slope stability and nailed slope first. 

2.  In designing soil nail wall, the designer should have known about soil 

characteristic in location that will be planned or designed. So the design of soil 

nail wall can be calculated properly.  

3.  For beginner on using Geo 5 program, they should be comprehend every function 

and command on toolbar, so that no errors occurred when inputting the data. 

4.  Using internet to get the online help from finesoftware about the detail and 

function of toolbar and tutorial foe using Geo 5. 

5.  Studying and read many literature about soil nail wall design, the writer advice 

is to read FHWA A0-IF-03-017 geotechnical engineering circular no. 7 soil nail 

wall to get the complete knowledge about soil nail wall. 

6.  When designing soil nail wall the data and parameter of soil must be complete 

and accurate. To get the satisfactory and precision result. 
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