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PREFACE 

 

   The research is one of the requirements of fulfilling bachelor degree of 

Universitas Atma Jaya Yogyakarta. This research is finished under “3+2 

Program” in Taiwan, where Universitas Atma Jaya Yogyakarta and National 

Cheng Kung University has an agreement and collaboration. The background of 

this research is to study and validate the effect of fines content in sand conducted 

by Hegde & Roy in 2018 using pull-out test by numerical simulation. Sand and 

geotextile will influence the soil-reinforcement interaction mechanism in 

Reinforce Earth Wall. Thus, the study of fines content in sand will be discussed in 

this report. 

  Chapter I of the report contains the introduction before getting onto 

research’s references in chapter II which is literature review. Chapter III contains 

all the basic theories on writing this report. Chapter IV is methodology, which 

explains the method or steps on doing the study. Chapter V is the numerical 

simulation result and discussion. The last section is Chapter VI which is 

conclusion and suggestion of this study. Author realizes that this report is not 

perfect and thus author apologize profusely. 

 

Tainan, Taiwan, July 5th 2019 

 

Author 

 



vi 
 
 
 

ACKNOWLEDGEMENT 

 

  Sincerely authors give the praises and thanks to Jesus Christ, with all of 

His graces and blessings, author finished this final report without any problems, in 

timely manner. Authors realize that this final report would not be done without the 

help from others. For that, author would like to thank these people mentioned 

below:  

1. Professor Hung, Ching as author’s academic counselor in Taiwan that 

has guided author on writing the final report, and also given so much 

knowledge and encouragement. 

2. Dr. Luky Handoko as author’s academic counselor in Indonesia that 

has guided author on report writing, and also support author to finish 

the report in timely manner. 

3. Liu, Chih-hsuan for helping and guiding author in research to do the 

numerical simulation. 

4. Papa and Mama, as number one supporter of author in finishing this 

final report, mentally and financially.  

5. Melly, Denny, and Foren who always encourage author to finish this 

final report without any hesitate. 

6. GKDI Yogyakarta for always support author and pray for this final 

report to be finished. 

7. The last but not the least, all of the participants that have took place in 

finishing this final report that cannot be mentioned one by one.  

 

Finally, authors really hope that the report is really beneficial to all sides 

and the readers.   



vii 
 
 
 

TABLE OF CONTENTS 

 

Title Page  ......................................................................................................  i 

Approval Sheet  ..............................................................................................  ii 

Examiners Sheet  ............................................................................................  iii 

Declaration  ....................................................................................................  iv 

Preface ...........................................................................................................  v 

Acknowledgement ..........................................................................................  vi 

Table of Content  ............................................................................................  vii 

List of Table  ..................................................................................................  ix 

List of Figures  ...............................................................................................  x 

List of Appendix .............................................................................................  xi 

Abstract ..........................................................................................................  xii 

CHAPTER I : INTRODUCTION ...................................................................  1 

1.1 Background  ............................................................................................  1 

1.2 Research Formulation  .............................................................................  2 

1.3 Research Objectivity  ...............................................................................  3 

1.4 Research Limitation  ................................................................................  3 

1.5 Research Benefit  .....................................................................................  4 

1.6 Originality  ..............................................................................................  4 

CHAPTER II : LITERATURE REVIEW .......................................................  6 

CHAPTER III : BASIC THEORY ..................................................................  13 

3.1 Soil-reinforcement Interaction Mechanism  ..............................................  13 

3.2 Pull-out Test ............................................................................................  14 



viii 
 
 
 

3.3 Materials ..................................................................................................  15 

3.3.1 Geotextile  ........................................................................................  16 

3.3.2 Sand  .................................................................................................  17 

3.4 Finite Element Method  .............................................................................  18 

3.5 Plaxis 2D  .................................................................................................  18 

3.6 Validation .................................................................................................  19 

CHAPTER IV : METHODOLOGY................................................................  20 

4.1 Finite Element Software  ..........................................................................  20 

4.2 Model Validation  ....................................................................................  20 

4.3 Material ...................................................................................................  21 

4.4 Pull-out Modelling Detail ........................................................................  23 

4.5 Research Flowchart..................................................................................  25 

CHAPTER V : RESULT AND DISCUSSION ...............................................  26 

5.1 Model Validation  ....................................................................................  26 

5.2 Pull-out  ...................................................................................................  27 

5.3 Discussion ...............................................................................................  34 

CHAPTER VI : CONCLUSION AND SUGGESTION ..................................  35 

6.1 Conclusion  ..............................................................................................  35 

6.2 Suggestion  ...............................................................................................  35 

 

Reference .......................................................................................................  36 

Appendix ........................................................................................................  37 

 

 

 



ix 
 
 
 

LIST OF TABLES 

 

Table 2.1 Properties of the soil used in numerical simulation ..........................  11 

Table 3.1 Sand classification based on particle size  ........................................  17 

Table 4.1 Summary of numerical properties model .........................................  21 

Table 4.2 Sand properties used in the numerical simulation ............................  22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 
 
 

LIST OF FIGURES 

Figure 2.1 Result of pull out test by A.C.C.F. Sieira et al. ...............................  7 

Figure 2.2 Schematic diagram of the pull out set up (Prashanth et al., 2018) ...  8 

Figure 2.3 Geosynthetic materials used (Prashanth et al., 2018) ......................  9 

Figure 2.4 Tensile load response curve of geosynthetic materials (Prashanth 

et. al 2018) ...................................................................................  9 

Figure 2.5 Pull out - displacement response of different geosynthetic with 

sand (Prashanth et al. 2018) ..........................................................  10 

Figure 2.6 PLAXIS 2D numerical model for pull-out ......................................  11 

Figure 2.7 Pull out stress vs. displacement; a sand A (no fines); b sand B 

(20% fines); c sand C (40% fines) by Hegde & Roy 2018 .............  12 

Figure 3.1 Pull-out apparatus (Li-Hua Li et al., 2017) .....................................  15 

Figure 4.1 Numerical model for validation ......................................................  20 

Figure 4.2 Particle-size distribution of sand A, B, and C .................................  22 

Figure 4.3 Tensile strength-strain curve of geotextile ......................................  23 

Figure 4.4 Plaxis 2D numerical model for pull-out test ...................................  24 

Figure 5.1 Validation result in Plaxis 2D.........................................................  26 

Figure 5.2 Pull-out Result for Sand A in Different Normal Stress (a) 100 kPa, 

(b) 150 kPa, (c) 200 kPa ...............................................................  28 

Figure 5.3 Pull-out Result for Sand B in Different Normal Stress (a) 100 kPa, 

(b) 150 kPa, (c) 200 kPa ...............................................................  30 

Figure 5.4 Pull-out Result for Sand C in Different Normal Stress (a) 100 kPa, 

(b) 150 kPa, (c) 200 kPa ...............................................................  32 

Figure 5.5 Summarize of Pull-out Results (a) Sand A, (b) Sand B, (c) Sand C ...  33 



xi 
 
 
 

LIST OF APPENDIX 

 

APPENDIX A: MODEL VALIDATION RESULT. .......................................  38 

APPENDIX B: PULL-OUT TEST RESULT ..................................................  39 

APPENDIX B-1: Sand A – 100 kPa ....................................................  39 

APPENDIX B-2: Sand A – 150 kPa ....................................................  40 

APPENDIX B-3: Sand A – 200 kPa ....................................................  41 

APPENDIX B-4: Sand B – 100 kPa ....................................................  42 

APPENDIX B-5: Sand B – 150 kPa ....................................................  43 

APPENDIX B-6: Sand B – 200 kPa ....................................................  44 

APPENDIX B-7: Sand C – 100 kPa ....................................................  45 

APPENDIX B-8: Sand C – 150 kPa ....................................................  46 

APPENDIX B-9: Sand C – 200 kPa ....................................................  47 

APPENDIX C: PULL-OUT GRAPH ..............................................................  48 

APPENDIX C-1: Sand A – 100 kPa ....................................................  48 

APPENDIX C-2: Sand A – 150 kPa ....................................................  49 

APPENDIX C-3: Sand A – 200 kPa ....................................................  50 

APPENDIX C-4: Sand B – 100 kPa ....................................................  51 

APPENDIX C-5: Sand B – 150 kPa ....................................................  52 

APPENDIX C-6: Sand B – 200 kPa ....................................................  53 

APPENDIX C-7: Sand C – 100 kPa ....................................................  54 

APPENDIX C-8: Sand C – 150 kPa ....................................................  55 

APPENDIX C-9: Sand C – 200 kPa ....................................................  56 

APPENDIX C-10: Combined Graph ...................................................  57 

 

 

 



xii 
 
 
 

ABSTRACT 

 

CALIBRATION OF FINES CONTENT EFFECT IN SAND ON 
GEOSYNTHETICS PULL-OUT RESISTANCE USING FINITE 
ELEMENT METHOD, Finsen Prayogo, Student Number 151315759, the Year 
2019, Field of Specialization Geotechnical Engineering, International Civil 
Engineering Program, Faculty of Engineering, Universitas Atma Jaya Yogyakarta. 

 

Reinforced earth (RE) wall has been known since 1971 in the United States and 
the construction of reinforced earth wall has been very popular lately in the 
application of a retaining wall. Many benefits are obtained when we choose to use 
RE wall, besides the low price, easy application, and good durability, RE wall 
also proven has a good performance for extreme loading conditions. Soil-
reinforcement interaction mechanism is a very important factor that must be 
considered, the mechanism will plays a big role when the wall receives extreme 
loads. Sand is one of the constituent components of a wall that has an important 
role and will influence the performance of the wall. The soil used to build RE wall 
is usually granular material such as sand, because it has good interlocking 
behaviour. Fines content in sand might affect the soil-reinforcement interaction 
mechanism in the structure. Pull-out testing has also been done numerically by 
using various finite element software. Numerical studies using finite element 
method (FEM) are considered more economical, faster, and the result tend to be 
more rigorous than laboratory test. This study will validate the procedure of the 
numerical study conducted by Hegde & Roy in 2018 and calibrate the pull-out 
model. Numerical modelling will be done in Plaxis 2D. 

 

Keywords: Reinforced earth wall, Soil-reinforcement interaction, Sand, Fines, 
Pull-out, Finite element method 

 

 

 




