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ABSTRACT 

 

One of the most widely used haul trucks in Indonesia’s mining industry is the 100 metric ton 

class mining truck. It is popular for its excellent lifecycle costing and well-known for its 

sturdy design, reliability, and compatibility with the country’s operating environment. 

However, recent years have seen reports of issues with recurring main frame rail cracks that 

have the potential to affect the structural integrity, durability, and overall lifetime of the truck. 

For this comparative study, the aim is to understand and quantify the effectiveness and 

durability gains through adding internal stiffener plates into a truck’s main frame. The study 

focuses on the background data provided by the mining industry to conduct statistical 

analysis, failure analysis, and simulations through finite element analysis (FEA). Through 

these testing methodologies the efficiency and performance of the reinforcement plates can 

be quantified, offering valuable insight into material properties and areas for future 

improvements. 

Keywords: FEA Simulation, Plates, Mining Truck, Main Frame Rail Cracks. 
  



 

xv 

 

 

ACKNOWLEDGEMENTS 

First and foremost, I would like to thank God Almighty Allah SWT for blessing me with 

strength and health to be able to complete this thesis. I would also like to convey my 

appreciation to those who have supported, accompanied, and guided me through this 

journey: 

1. Nanang Ali Sutisna, M. Eng as my thesis supervisor. Thank you for all the insights, 

assistance, and encouragement throughout this research. The knowledge shared and 

guidance given have helped me in working through obstacles. It is much appreciated. 

2. Mrs. Lydia Anggraini, ST., M. Eng, Ph.D., as Head of the Mechanical Engineering 

Study Program, as well as my academic advisor. Thank you for providing me with 

information and assistance that I needed throughout my college years. 

3. All of the lecturers that have taught and passed on their knowledge. And to all staff 

that have assisted me throughout. 

4. Thank you to my friends that accompanied me for my years at President University. 

Mechanical Engineering family. 

5. To my Supervisor Mr. Fabian Schulz, Mentor Mr. Chandra Bagus, Seniors, and 

fellow colleagues at PT. Trakindo Utama. I could not thank you all enough for letting 

me under your guidance. Thank you for all the knowledge, support, and for 

facilitating me through this thesis research. 

6. My family, supporting wherever I am, and no matter how far I go. Thank you for 

never forgetting me in your prayers. 

7. Thank you to my friends that have stayed with me and provided me with moral 

support. Most notably to MySarah Auni, Rizki Amelia, Fairuz Ghina, Predina 

Burhan, Difa Sevina, and Naufal Nurzikri. 

8. Thank you to me for the dedication, hard work, and perseverance through this 

research. This has been a challenging journey with many opportunities for personal 

growth. 

Lastly, I would like to give my greatest gratitude to those who have also supported me that 

have not been mentioned above. I hope this thesis research will provide support and be 

referenced in future studies. Any recommendations and insights are welcome to provide 

better information, improve results and contents in this thesis. 



 

xvi 

 

 

TABLE OF CONTENTS 

PANEL OF EXAMINER APPROVAL ................................................................................. ii 

SCIENTIFIC PUBLICATION APPROVAL FOR ACADEMIC INTEREST ...................... v 

ADVISOR APPROVAL FOR PUBLICATION ................................................................... vi 

PLAGIARISM REPORT ..................................................................................................... vii 

GPT ZERO CHECK ........................................................................................................... xiii 

ABSTRACT ....................................................................................................................... xiv 

ACKNOWLEDGEMENTS ................................................................................................ xv 

TABLE OF CONTENTS .................................................................................................... xvi 

LIST OF FIGURES ............................................................................................................. xx 

LIST OF TABLES ............................................................................................................. xxii 

NOMENCLATURE ......................................................................................................... xxiii 

 INTRODUCTION ................................................................................................................ 1 

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

1.2 Problem Statement .................................................................................................. 5 

1.3 Research Objectives ................................................................................................ 6 

1.4 Project Scope and Limitations ................................................................................ 6 

1.5 Research Outline ..................................................................................................... 7 

 LITERATURE REVIEW ..................................................................................................... 8 

Introduction ....................................................................................................................... 8 

2.1 Heavy Duty Equipment .......................................................................................... 8 

2.1.1 Introduction ..................................................................................................... 8 

2.1.2 Types and Classification .................................................................................. 9 

2.1.3 Design and Engineering................................................................................. 10 

2.1.4 Operation and Maintenance ........................................................................... 11 

2.1.5 Performance and Efficiency .......................................................................... 13 



 

xvii 

 

2.2 Mining Truck ........................................................................................................ 14 

2.2.1 Introduction ................................................................................................... 14 

2.2.2 Equipment Frame .......................................................................................... 15 

2.2.3 Design Considerations ................................................................................... 16 

2.2.4 Machine Safety .............................................................................................. 16 

2.2.5 Maintenance and Repair ................................................................................ 18 

2.3 Failure and Fatigue ............................................................................................... 19 

2.3.1 Introduction ................................................................................................... 19 

2.3.2 Causes of Machine Failure ............................................................................ 20 

2.3.3 Mechanisms of Machine Failure ................................................................... 20 

2.3.4 Failure Analysis Techniques .......................................................................... 22 

2.3.5 Mitigation Strategies for Failure.................................................................... 23 

2.3.6 Frame Failure ................................................................................................. 24 

2.3.7 Fatigue Life ................................................................................................... 24 

2.4 Computer Aided Design ........................................................................................ 27 

2.4.1 Introduction ................................................................................................... 27 

2.4.2 Historical Development ................................................................................. 27 

2.4.3 Advancements ............................................................................................... 29 

2.4.4 Practice and Guideline ................................................................................... 29 

2.4.5 CAD Software Developments ....................................................................... 31 

2.5 Finite Element Analysis ........................................................................................ 32 

2.5.1 Introduction ................................................................................................... 32 

2.5.2 Historical Development ................................................................................. 32 

2.5.3 Advancements ............................................................................................... 33 

2.5.4 Practice and Guideline ................................................................................... 34 

2.5.5 FEA Software Developments ........................................................................ 35 

2.6 Materials ............................................................................................................... 36 



 

xviii 

 

2.6.1 Introduction ................................................................................................... 36 

2.6.2 Types and Classification ................................................................................ 36 

2.6.3 Material Selection Criteria............................................................................. 37 

2.7 Tensile and Yield Strength .................................................................................... 38 

2.7.1 Introduction ................................................................................................... 38 

2.7.2 Testing Methods ............................................................................................ 39 

2.7.3 Factors Affecting Material Strength .............................................................. 40 

2.7.4 Significance in Engineering........................................................................... 41 

2.7.5 Strength of Specific Materials ....................................................................... 41 

 RESEARCH METHODOLOGY ....................................................................................... 42 

3.1 Research Flowchart ............................................................................................... 42 

3.2 Initial Observation ................................................................................................ 44 

3.3 Problem Identification .......................................................................................... 44 

3.4 Data Collection ..................................................................................................... 45 

3.5 Construct CAD Model .......................................................................................... 48 

3.6 Reinforcement Plate Model .................................................................................. 49 

3.7 Prepare Static Simulation ...................................................................................... 51 

3.8 Prepare Fatigue Simulation ................................................................................... 56 

 RESULTS AND DISCUSSION ......................................................................................... 59 

Introduction ..................................................................................................................... 59 

4.1 Result Analysis ..................................................................................................... 59 

4.1.1 Stress Analysis ............................................................................................... 59 

4.1.2 Fatigue Analysis ............................................................................................ 61 

 CONCLUSION AND RECOMMENDATION .................................................................. 64 

Introduction ..................................................................................................................... 64 

5.1 Conclusion ............................................................................................................ 64 

5.2 Recommendation .................................................................................................. 64 



 

xix 

 

REFERENCES .................................................................................................................... 65 

Appendix ............................................................................................................................. 67 

 

  



 

xx 

 

 

LIST OF FIGURES 

Figure 1.1 Mining value chain .......................................................................................... 2 

Figure 1.2 Mining Truck ................................................................................................... 3 

Figure 1.3 Model B mining truck main frame .................................................................. 4 

Figure 2.1 Types of construction heavy equipment .......................................................... 9 

Figure 2.2 Error cost escalation of product ..................................................................... 10 

Figure 2.3 Labelled Components of Mining Truck ........................................................ 14 

Figure 2.4 Off-highway truck main frame Model B ....................................................... 15 

Figure 2.5 3D model of mining truck main frame .......................................................... 16 

Figure 2.6 Example of payload distribution data ............................................................ 17 

Figure 2.7 LOTO box attached to the front of the machine ............................................ 18 

Figure 2.8 Catastrophic machine failure ......................................................................... 19 

Figure 2.9 Corrosion occurring in front suspension of mining truck.............................. 21 

Figure 2.10 Pronto Software ......................................................................................... 28 

Figure 2.11 Plane draft engineers before the invention of CAD ...................................... 28 

Figure 2.12 CSG Modelling Example ........................................................................... 30 

Figure 2.13 Ray W. Clough ........................................................................................... 33 

Figure 2.14 Evolution of engineering materials ............................................................ 36 

Figure 2.15 Universal testing machine .......................................................................... 39 

Figure 2.16 Stress - Strain Curve .................................................................................. 40 

Figure 3.1 Overall flow of research process ................................................................... 42 

Figure 3.2 Detailed flowchart of simulation process ...................................................... 43 

Figure 3.3 Main Frame Rail Cracks ................................................................................ 44 

Figure 3.4 Data of cracks on hauler units 2022 “customer A” ....................................... 45 

Figure 3.5 Desired Outcome of Installed Modified Reinforcement Plate ...................... 47 

Figure 3.6 Approximate dimensions of model B mining truck ...................................... 48 

Figure 3.7 Mining truck main frame placed on mounting jig ......................................... 48 

Figure 3.8 Updated design of reinforcement plate .......................................................... 49 

Figure 3.9 Original design of reinforcement plate .......................................................... 49 

Figure 3.10 Modelled design of reinforcement plates ................................................... 49 

Figure 3.11 Example of Modified Reinforcement Plate Dimensions ............................... 50 

Figure 3.12 Mesh details of ANSYS trial ..................................................................... 51 

file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180463
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180464
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180465
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180466
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180467
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180468
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180469
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180470
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180471
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180472
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180473
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180474
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180475
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180476
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180478
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180479
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180480
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180481
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180482
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180483
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180484
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180485
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180486
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180487
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180488
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180489
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180490
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180491
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180492
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180493


 

xxi 

 

Figure 3.13 Pedestal Area .............................................................................................. 53 

Figure 3.14 Trunnion Area ............................................................................................ 53 

Figure 3.15 Areas of Applied Load ............................................................................... 54 

Figure 3.16 Mesh Control Options ................................................................................ 55 

Figure 3.17 Mesh specification applied for simulations ............................................... 55 

Figure 3.18 Fatigue event specifications applied for simulations ................................. 56 

Figure 3.19 S-N Diagram with Infinite Life ................................................................. 57 

Figure 3.20 S-N Curve Data Applied ............................................................................ 57 

Figure 4.1 OEM Design - Static Simulation ................................................................... 59 

Figure 4.2 Dealer Design - Static Simulation ................................................................. 60 

Figure 4.3 OEM Design - Principal Stress ...................................................................... 61 

Figure 4.4 Dealer Design - Principal Stress .................................................................... 61 

Figure 4.5 Bending in OEM Design ............................................................................... 62 

Figure 4.6 Bending in Dealer Design.............................................................................. 62 

  

file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180494
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180495
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180496
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180497
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180498
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180499
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180500
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180501
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180502
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180503
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180504
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180505
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180506
file:///D:/Downloads/Revision%20Draft%20IV.docx%23_Toc153180507


 

xxii 

 

 

LIST OF TABLES 

Table 2.1 Development of CAD modelling software .................................................... 31 

Table 2.2 Development of FEA simulation software [21] ............................................. 35 

Table 2.3 Strength of various materials ......................................................................... 41 

Table 3.1 Crack event by machine hours....................................................................... 45 

Table 3.2 Material properties of mining truck ............................................................... 52 

  



 

xxiii 

 

 

NOMENCLATURE 

Symbol Description Unit 

σ Tensile Strength MPa 

σy Yield Strength MPa 

υ Poisson’s Ratio  

ρ Density Kg/m3 

E Young’s Modulus MPa 

F Force N 

σvm Von Mises Stress N/m2 

σall Allowable Stress MPa 

SF Safety Factor  

Sut Ultimate Tensile Strength MPa 

Se Endurance Limit MPa 

Sl Low Life Limit MPa 

σm Mean Stress MPa 

σa Alternating Stress MPa 

N Component Life Cycles  
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