
 
 

 
INVESTIGATION OF A LARGE-SCALE WASTE DUMP FAILURE AT 

THE MAE MOH MINE IN THAILAND 
 
 
 
 
 
 
 
 
 
 
 
 

DOAN  CONG  BIEN 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

A Thesis Submitted in Partial Fulfillment of the Requirements for the 
Degree of Master of Engineering in Civil, Transportation 

and Geo-resources Engineering 
Suranaree University of Technology 

Academic Year 2023



 
 

 
การสืบค้นเร่ืองความล้มเหลวขนาดใหญ่ของดั๊มประกอบขยะท่ีเหมืองแม่เมาะ  

ในประเทศไทย 
 
 
 
 
 
 
 
 
 
 
 
 

นายดวน  กง  เบียน 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

วิทยานิพนธ์นี้เป็นส่วนหนึ่งของการศึกษาตามหลักสูตรปรญิญาวิศวกรรมศาสตรมหาบณัฑิต 
สาขาวิชาวิศวกรรมโยธา ขนส่ง และทรัพยากรธรณ ี

มหาวิทยาลยัเทคโนโลยีสุรนาร ี
ปีการศึกษา 2566 









III 
 

 
 

 
ACKNOWLEDGMENTS 

 
First and foremost, I would like to express my profound gratitude to my thesis 

advisor, Asst. Prof. Dr.  Menglim Hoy whose unwavering support, expertise, and 
encouragement have been indispensable throughout this research journey. Their 
guidance, thoughtful feedback, and commitment to academic excellence have played 
a pivotal role in shaping the trajectory of this thesis. 

Heartfelt appreciation is extended to my co-advisor, Prof. Dr. Suksun 
Horpibulsuk for generously sharing their knowledge, providing valuable insights, and 
fostering a conducive learning environment during my time at Suranaree University of 
Technology. Their mentorship and dedication to fostering intellectual curiosity have 
been instrumental in my academic growth. 

I am indebted to the distinguished faculty members of the School of Civil 
Engineering, particularly Professor Avirut Chinkulkijniwat, Associate Professor Pornpot 
Tangseng, and Dr. Nattaporn Charoentham. Their engaging lectures, scholarly guidance, 
and commitment to academic excellence have been a source of inspiration and 
enlightenment. 

In addition, special thanks are due to my thesis committee Dr. Apichat for their 
rigorous examination, challenging questions, and invaluable suggestions that 
significantly enriched the quality of this thesis.  

I wish to acknowledge the financial support from the Suranaree University of 
Technology under SUT Scholarships for Graduate International Students (Vithedbundit) 
during my Master’s degree. This research was financially supported by the Electricity 
Generating Authority of Thailand under contract no 64-G201000-11-IO. SS03G3008566 
and Suranaree University of Technology.  I also wish to thank all the staff and faculty 
members as well as friends at the School of Civil Engineering, Suranaree University of 
Technology for the academic, administrative, and technical support.  



IV 
 

 
 

Last but certainly not least, I want to acknowledge the immeasurable support 
and love from my family. Their encouragement, understanding, and belief in my 
abilities have been a constant source of motivation.  

To my darling, Huyen Thi Vu, her unconditional love, patience, and unwavering 
support have been the driving force behind this thesis. This achievement is as much 
theirs as it is mine. 

Thank you to everyone who has been a part of this academic journey. Your 
contributions have made a lasting impact, and I am truly grateful for the privilege of 
learning and growing in this enriching academic environment 

 
Doan Cong Bien  



V 
 

 
 

 
TABLE OF CONTENTS 

 
Page 

 
ABSTRACT (THAI) ............................................................................................................................. I 
ABSTRACT (ENGLISH) ..................................................................................................................... II 
ACKNOWLEDGMENTS ................................................................................................................... III 
TABLE OF CONTENTS ................................................................................................................... V 
LIST OF TABLES ............................................................................................................................ VII 
LIST OF FIGURES.......................................................................................................................... VIII 
SYMBOLS AND ABBREVIATIONS .................................................................................................. X 
CHAPTER 

 I    INTRODUCTION ............................................................................................................... 1 
 1.1 Problem Statement .......................................................................................... 1 
 1.2 Objective of study ............................................................................................. 5 
 1.3 Organization of the dissertation ..................................................................... 5 
 1.4 References .......................................................................................................... 6 

 II  LITERATURE REVIEW ......................................................................................................... 9 
 2.1 Slope stability Analysis ..................................................................................... 9 

2.1.1 Limit Equilibrium Method (LEM) ....................................................... 9 
2.1.2 Finite Element Method (FEM) ......................................................... 17 

 2.2 Previous studies and failure mechanisms of waste dumpsites ............. 18 
 2.3 References ........................................................................................................ 25 

 III   INVESTIGATION OF A LARGE-SCALE WASTE DUMP FAILURE AT THE MAE 
MOH MINE IN THAILAND ........................................................................................... 30 

 3.1 Description of the waste dump slope failure ............................................ 30 
 3.2 Geophysical and geotechnical investigation .............................................. 36 
 3.3 Electrical resistivity tomography (ERT) method ........................................ 43 
 3.4 References ........................................................................................................ 50 



VI 
 

 
 

TABLE OF CONTENTS (Continued) 
 

Page 
 

 IV  STABILITY ANALYSIS OF A LARGE-SCALE WASTE DUMP FAILURE AT              
THE MAE MOH MINE IN THAILAND ......................................................................... 54 

 4.1  Stability Analysis by the Finite Element Method...................................... 54 
 4.2  Conclusions ...................................................................................................... 67 
 4.3  References ........................................................................................................ 67 
 V CONCLUSION AND RECOMMENDATIONS .............................................................. 66 
  5.1 General summary ............................................................................................ 66 
  5.2 Recommendation for future works.............................................................. 67 
APPENDIX A. List of Publications ............................................................................................. 69 
BIOGRAPHY ................................................................................................................................... 92 
 



VII 
 

 
 

 
LIST OF TABLES 

 
Table                                                                                                    Page 

 
2.1  Comparison of slope stability analysis (Fredlund & Krahn, 1977) ...................... 15 
2.2  Characteristics of Equilibrium Methods (Duncan & Wright, 1980) ....................... 16 
4.1  Soil parameters of the waste dump materials for finite element analysis ...... 57 
 



VIII 
 

 
 

 
LIST OF FIGURES 

 
Figure   Page 

 
1.1  Location and plan view of the Mae Moh Mine ........................................................ 1 
1.2  Spreading the waste dump materials to dumping area ......................................... 2 
2.1  Derivation of safety factor (Abramson et al., 2001) ............................................... 10 
2.2  Scheme of block analysis (Abramson et al., 2001) ................................................ 11 
2.3  Scheme of planar surface analysis (Abramson et al., 2001) ................................ 12 
2.4  Scheme of circular arc method (Abramson et al., 2001) ...................................... 13 
2.5  Scheme of friction circle method (Abramson et al., 2001) .................................. 13 
2.6  Scheme of the method of slices (Whitlow, 1990) ................................................. 14 
2.7  Scheme of Finite Element Method (Abramson et al., 2001) ............................... 17 
2.8  Monitoring results of a large overburden dump failure  at Goonyella Mine, 
 Australia (B. Richards et al., 1981).............................................................................. 18 
2.9  Failure mechanics of mine overburden dump in India......................................... 19 
2.10  Schematic representation of South Field Mine (Steiakakis et al., 2009) ........... 20 
2.11  Main scarp of the dump failure (Steiakakis et al., 2009) ....................................... 21 
2.12  Schematic representation of Central Pit coal mine, Turkey ................................ 22 
2.13  Aerial view of the 2015 Shenzhen landslide (Zhan et al., 2018) ........................ 23 
2.14  Cross-section of the 2015 Shenzhen landslide (Zhan et al., 2018) .................... 24 
3.1  Generalized stratigraphic column .............................................................................. 31 
3.2  Log of surface soil borehole ....................................................................................... 31 
3.3  Changes in the topography of the study areas from 1992 to 2017 ................... 32 
3.4  The Unmanned Aerial Vehicles (UAVs) images of the waste dump area: (a) 
 before failure in November 2016 and (b) after failure in March 2018. .............. 34 
3.5  Development of the West waste dump collapsed in the failure ....................... 35 
3.6  The locations of boring logs and piezometers monitoring .................................. 37 
3.7  The topographic configuration of the waste dump's slope ................................. 39 



IX 
 

 
 

LIST OF FIGURES (Continued) 
 

Figure    Page 
 

3.8  The measured water pressure elevation monitored from piezometers ........... 42 
3.9  The positions of the electrical resistivity tomography (ERT) profiles within      
 this investigation ............................................................................................................ 44 
3.10   Cross-sectional Line C1 ERT profile ........................................................................... 46 
3.11  Cross-sectional Line D ERT profile ............................................................................. 47 
3.12  Cross-sectional Line A ERT profile ............................................................................. 49 
4.1  Finite element modeling of the waste dump slope ............................................. 56 
4.2  Finite element analysis results of the waste dump slope: .................................. 58 
4.3  Influence of effective cohesion and friction angle of weak clay layer on         
 the factor of safety of waste dump. ......................................................................... 60 



X 
 

 
 

 
SYMBOLS AND ABBREVIATIONS 

 
EGAT  = Electricity Generating Authority of Thailand 
ERT  = Electrical Resistivity Tomography 
FEM  = Finite Element Method 
FS  = Factor of Safety 
LEM  = Limit Equilibrium Method 
OMS  = Ordinary Method of Slices 
PF  = Probability of Failure 
PP  = Passive Wedge 
SFM  = South Field Mine 
UAV  = Unmanned Aerial Vehicles 
USCS  = Unified Soil Classification System 
USRMS  = US Symposium On Rock Mechanics 
HK  =  Huai King 
HL  =  Huai Luang 
LEM  =  Limit Equilibrium Method 
NK  =   Na Khaem 

   =   Unit weight of soil 

 sat    =   Total unit weight 

 unsat  =   Dry unit weight 
Su  =  Undrained shear Strength 
c’  =  Cohesive of soil 

’  =   Friction angle 

  =   Shear strength of soil 

   =   Effective stress 
E’  =   Effective modulus of elasticity 
kx  =   Permeability of soil in the direction of x 
ky  =   Permeability of soil in the direction of y 



 

 
CHAPTER I 

INTRODUCTION 
 

1.1 Problem Statement 
The Mae Moh Mine, located in Lampang Province, Thailand, stands as the 

largest open-pit coal mine in Southeast Asia. Encompassing the entire surface lignite 
mine and external dumping areas spanning approximately 38 km2 and 42 km2, 
respectively, its scale is indeed noteworthy. Currently, the mine extracts about 16 
million tons of coal annually, a quantity that accounts for a substantial 70% of 
Thailand's total lignite production. This vast coal reserve plays a pivotal role in 
generating electricity for the Mae Moh power plant (Udomchai et al., 2017). The Mae 
Moh Mine, initiated in 1955, has been under the operation of the Electricity Generating 
Authority of Thailand (EGAT). In recent years, the associated Mae Moh power plant has 
been a substantial contributor to the national power grid, generating an impressive 
2,220 megawatts of electricity. This electricity output is strategically distributed, with 
50% serving the North, 30% directed to the Central region, and the remaining 20% 
allocated to the northeast of Thailand. 

 

 
 

Figure 1.1 Location and the layout perspective of the Mae Moh Mine  
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Figure 1.1 illustrates the positioning of the Mae Moh power plant, the coal mine 
region, and the disposal sites, encompassing the west dump and east dump. The 
excess material extracted during mining operations was subsequently conveyed to the 
disposal areas using a conveyor system, as depicted in Figure 1.2. 

 

 
 

Figure 1.2 Transporting the waste dump materials to the disposal area using a 
conveyor system. 
 

According to EGAT's strategic plan, the Mae Moh Mine is projected to be 
excavated to a depth of around 500 meters from the original ground surface over the 
next four decades, making it the deepest open-pit lignite mine globally. Consequently, 
a substantial amount of overburden material, reaching approximately 260 meters from 
the original ground level, is anticipated to be deposited in the west dumpsite. However, 
a significant incident occurred on March 18, 2018, when a large-scale failure affected 
the west dumpsite, encompassing an area of approximately 1.56 km2. This occurred as 
the dumped materials reached a height of 135 meters from the original ground, at an 
elevation of 330 meters above mean sea level (MSL). 

The occurrence of the failure involved the displacement of a massive 70-Mm3 
volume of dumped material, with dimensions extending to a length of 1.2 km and a 
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width of 1.3 km. Consequently, the precarious stability of the waste dumpsite presents 
a considerable challenge for EGAT. To address this, comprehensive geotechnical 
examinations and the application of remedial strategies are imperative to facilitate the 
continuous disposal of waste materials generated during mining operations. 

The exact cause of the failure at the west dumpsite in the Mae Moh Mine has 
not been completely documented due to the constraints of the experimental program 
in the laboratory and on-site investigation immediately following the incident. In 
response, the Center of Excellence in Innovation for Sustainable Infrastructure 
Development at Suranaree University of Technology was enlisted to identify the causes 
of the west dumpsite failure and recommend a practical approach to prevent similar 
failures in the future. 

This research is primarily dedicated to investigating the failure mechanisms and 
causes associated with the waste dump site. It relies on historical and geotechnical 
test data, drawing parallels with global case studies for comparative analysis. To assess 
the resistivity of subsurface waste dump materials, the study employs electrical 
resistivity tomography (ERT) as a geophysical imaging technique. The ERT profiles, 
coupled with data from boring logs, facilitate the interpretation of soil profiles within 
the area of failure. After this investigation, the potential failure mechanism and slope 
stability of the waste dumpsite are scrutinized through finite element analysis using 
the Plaxis 2D software, leveraging geographical and material properties obtained during 
the study. 

This paper thoroughly discusses various issues pertaining to notable 
movements or collapses observed in waste dumpsites of lignite mines worldwide 
(Kasmer et al., 2006; Steiakakis et al., 2009; Wang & Griffiths, 2019; Zevgolis et al., 2019). 
B. G. Richards et al. (1981)  undertook an extensive slope stability analysis of the 
Goonyella mine in Queensland, Australia. Their study identified a direct association 
between the collapse phenomenon and the presence of water at the basal layer of 
the spoil foundation, leading to a consequential reduction in the shear strength of the 
soil. Furthermore, the manifestation of tension cracks in the overburdened materials 
at the crest, induced by significant settlement, notably contributed to the failure 
movement characterized by a bilinear wedge. An examination of a large-scale failure 
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in the waste dumpsite of open-pit iron mines in China revealed that the predominant 
failure mode of the waste dump slope was a two-wedge failure (Wang & Chen, 2017). 
The observed movement was reported to initiate at the toe of the slope, progressing 
along the clay basement. This movement was characterized by the division into an 
active upper wedge and a lower passive wedge, with separation facilitated by the 
presence of tension cracks. Wang and Griffiths (2019) provided evidence that the failure 
of the dump slope at Muara Enim Mine in Indonesia was induced by heightened water 
pressures, emanating from an undisclosed weak clay layer in the foundation, 
exacerbated by the rapid loading associated with dumping. Concurrently, a 
comprehensive examination was conducted on a substantial waste dump slope failure 
covering an expanse of 0.3 km2 within the dumping site of a strip coal mine in Turkey 
(Kasmer et al., 2006). Following an extensive field and laboratory investigation, along 
with a back-analysis utilizing finite element analysis, the root causes of the failure were 
identified as the gradual softening (degradation) of the fill materials at the base of the 
dumpsite over time. The surfaces involved in the sliding failure encompassed a 
combination of circular pathways through the waste dump materials and a transitional 
surface located between the softened fill material and the waste dump material. In a 

related context, Steiakakis et al. (2009) documented a comparable stability issue in the 
South Field Lignite Mine in Northern Greece in 2004, where the failure mass of the 
deposit amounted to 40 Mm3. The failure was attributed to the inherent low shear 
strength of the clay layer at the base of the slope and the elevated pore-water 
pressure within the overburdened materials. 

The failure mechanism of the waste dump slope exhibited various modes of 
failure, with the causes attributed to the geological and hydrological characteristics of 
the waste dump area, the drainage system, and the dumping rate. Building upon 
insights from previous case studies, potential factors contributing to the failure 
included the softening of the soil layer and the accumulation of excessive pore-water 
pressure under undrained loading conditions. Consequently, the formation of the 
sliding failure surface occurred through active and passive wedges along a vulnerable 
zone at the interface between the weak soil layer at the base and the waste dump 
material. 
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The findings of this study are anticipated to empower the geotechnical and 
mining engineering teams, enabling them to efficiently devise both short-term and 
long-term solutions to enhance the stability of waste dumps. This will facilitate the 
ongoing dumping operations, allowing them to reach the targeted height. 

 

1.2 Objective of study 
To investigate the failure mechanism of the waste dump at the Mae Moh Mine, 

a comprehensive study involving geophysical and geotechnical investigations, as well 
as numerical analysis, was undertaken. The primary objectives of this research are 
outlined as follows: 

1) To analyze and identify the potential causes leading to the failure of the 
waste dump at the Mae Moh open-pit lignite mine in Thailand. 

2) Conduct finite element analysis, utilizing data obtained from geophysical 
and geotechnical investigations, to comprehensively study the behavior of 
large-scale instability within the deposit. 
 

1.3 Organization of the dissertation 
This thesis is structured into four chapters, following the outlined framework: 
Chapter I the introductory section articulates the problem statement and 

highlights the primary objective of the study. 
Chapter II presents the theoretical background and the literature review of the 

recent search papers that relate to the failure of waste dumps at lignite mines in the 
world. 

Chapter III focuses on the 2018 landslide incident in a construction waste 
dump at Mae Moh mine in Thailand. This chapter encompasses the historical context 
of the construction waste dump, a detailed dump description, the presentation of sub-
surface structure imaging results using Electricity Resistivity Tomography (ERT), and a 
numerical analysis simulation to evaluate potential factors contributing to the deposit 
failure. 

Chapter IV summarizes the main research findings and offers recommendations 
for future studies.  
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CHAPTER II 

LITERATURE REVIEW 
 

2.1 Slope stability Analysis 
2.1.1 Limit Equilibrium Method (LEM) 

The Limit Equilibrium Method (LEM) is the most typical approach for 
studying slope stability in both two and three dimensions in terms of total-stress 
analysis or effective-stress analysis. This method identifies possible failure mechanisms 
and produces factors of safety for specific geotechnical problems. It is a suitable option 
for evaluating the stability of earth-fill embankments, earth dams, retaining walls, 
foundations, open-pit mines, and landslides. The factor of safety (FS) plays an 
important role in the rotational design of slopes using force or moment equilibrium as 
shown in Figure 2.1. It can be used to define the stability of the slope by entering 
some parameters into the analysis, such as strength parameters, stiffness parameters, 
and strata. The factor of safety is assumed to be the same at all points along the 
failure slip surface. Thus, the mean values represent the assumed critical failure slip 
surface. Moment equilibrium is mostly used to judge rotational landslides, the other 
force equilibrium is mostly utilized to assess both rotational and translational 
landslides (Cheng & Lau, 2014). 
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Figure 2.1 Derivation of safety factor (Abramson et al., 2001) 
 

The factor of safety can be drawn as follows: 
 

The available shear strength of soil

The equilibrium shear stress
FS =                                              (2.1) 

 
The Eq. (2.1) can be written as  
 

required

uS
FS


=          in terms of total stress analysis                               (2.2) 

 

Or      
required

' ' tan 'c
FS

 



+
=    in terms of effective stress analysis                          (2.3) 

 
In which: Su = Undrained shear strength of soil  

'  and ' =c   The effective cohesion and effective friction angle, respectively 
      

required =   the required shear stress for the equilibrium state 
Generally, soil mass can be considered stable when the factor of safety is higher 

than 1.25 and slope failure can occur frequently as FS is less than 1.07 (Bowles, 1979). 
However, it was reported from some previous studies that numerous landslide 
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problems are stable due to neglect and extra enhancement of vegetation or soil 
suction (Cheng & Lau, 2014). In some cases, an increase in the factor of safety needs 
to be required due to the high risk of loss of life or unpredictability. 

 An array of stability analyses, leveraging the limit equilibrium method, 
has been systematically applied to prognosticate the mode of slide failure. This 
methodological spectrum encompasses but is not restricted to, infinite slope analysis, 
planar surface analysis, circular surface analysis, slice analysis, and block analysis. 

 

 
 

Figure 2.2 Scheme of block analysis (Abramson et al., 2001) 
 

 The safety factor might be computed in this situation where the 
embankment fill has a shear strength greater than that of a basal layer as well as a 
low shearing strength of a thin layer below (Figure 2.2). A block or wedge analysis 
supposes that soil is compacted as layers or blocks, such as an earth-fill dam, rock-fill 
dam, or waste dump. This analysis is relatively simple, uncomplicated, and can be 
carried out rapidly by hand calculation. The block consists of three parts, namely active 
wedge (PA) at the head of the slope, Passive wedge (PP) at the toe of the slope, and 
central block (W). The FS is defined as the horizontal resistance forces to the horizontal 
driving forces.  
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Figure 2.3 Scheme of planar surface analysis (Abramson et al., 2001) 
 
 The planar surface analysis might be utilized to evaluate a slope with a 

low shearing strength of the soil and the variety of soil strata of different soil 
components. The soil failure is considered as a block down to the sliding surface that 
all points are on the verge. A closed-form solution can be applied on planar surface 
analysis that relies on the geometry of a slope, and shear strength parameter of soil 
along slip failure. 

 Figure 2.3 illustrates the scheme of planar surface analysis. It should be 
pointed out that the influence of the inclination of the back slope is neglected. It 
means that it does not affect the safety factor value. 

 In the case of homogeneous soil, the inspection of man-made 
embankment might use circular surface analysis which is the simplest method to find 
the most critical slip in slopes. Two kinds of methods, namely the circular arc method 
(Figure 2.4) and the friction circle method (Figure 2.5).  

 The straightforward circular analysis is subjected to an expectation that 
the rigid, block failure will collapse in its central by rotational behavior. The method is 
derived from total stress analysis which the shear strength of soil throughout the length 
of the failure slip surface is considered as undrained shear strength. It means that the 
internal friction angle is assigned as zero. On the other hand, the probability of tension 
cracks is neglected.  
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Figure 2.4 Scheme of circular arc method (Abramson et al., 2001) 
 
 The implementation of the friction circle method in geotechnical 

engineering was introduced by Glennon Gilboy and Arthur Casagrande (Taylor, 1937).  
It is supposed that the Mohr-Coulomb failure criterion is available and that the failure 
surface is cylindrical. This method is suitable for homogeneous slopes with soil 
frictional angles greater than zero. Cohesive and frictional angle components are used 
to perform the calculation. 

 

 
 

Figure 2.5 Scheme of friction circle method (Abramson et al., 2001) 
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 The method of slices is the most ordinary technique for assessing the 
stability of geotechnical problems with intricate conditions, predominantly for slope 
stability (Figure 2.6). It can be performed either satisfying overall moment equilibrium 
or horizontal force equilibrium.  

 

 
 

Figure 2.6 Scheme of the method of slices (Whitlow, 1990) 
                (a) Division of slip mass (b) Forces acting on slices 

 
 The slope stability analysis divides soil mass into a great deal of small 

slices as illustrated in Fig. 2.6 a.  The small slices are influenced by the general system 
of force (Figure 2.6 b). The effective stress normal reacting force at the base of the 
slice (N’) plays a major role in the computation of the safety factor. Many researchers 
have proposed methods of obtaining the N’-value, some are perfectly straightforward, 
and others are entirely complex. 

 For example, in the Ordinary Method of Slices (OMS),  it is assumed that 
the inter-slice forces are neglected (E1=E2 and X1=X2) (Fellenius, 1936). The 
imperfection of this method is that the assumption of inter-slice force does not meet 
the requirement of inter-slice equilibrium due to a variety of base inclinations. For 
Bishop’s Simplified Method, all of the shear forces are assumed zero(Bishop, 1955). It 
means that the tangential inter-slice forces are equal and opposite (X1=X2 and              
E1 E2). The factor of safety estimated from this method is slightly underestimated         
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(Whitlow, 1990). In the Simplified Janbu Method, the inter-slice shear force is the 
absence of slope stability calculations. This method meets the requirement of vertical 
forces equilibrium for individual slices and general horizontal force equilibrium for all 
slices. In conclusion, The Ordinary method, Bishop’s simplified, and Janbu’s simplified 
neglect inter-slice forces in the slope stability analysis. It is believed that the moment 
equilibrium is not influenced by effective normal and pore pressure forces. From that, 
the factor of safety estimated from the three methods should not done for non-circular 
slip surfaces (Abramson et al., 2001). To overcome these issues, the Spencer method 
and Morgestern-price method are introduced. The two methods are similar due to 
both vertical and horizontal inter-slice forces being considered.  

 
Table 2.1 Comparison of slope stability analysis (Fredlund & Krahn, 1977) 

Method 

Safety Factor (FS) Inter-slice Force 
Assumption 

(H=horizontal, 
V=vertical) 

Force 
Equilibrium 

Moment 
Equilibrium 

Ordinary (Swedish or USBR) 
(Fellennius 1936)  

No Yes Neglect H & V 

Bishop's Simplified 
(Bishop 1955)  

No Yes Neglect H & V 

Janbu's Simplified 
(Janbu 1954; 1957; 1973)  

Yes No 
Neglect V, 
Consider H  

Janbu's Generalized 
(Janbu 1954; 1957; 1973)  

Yes No Consider H &V 

Spencer 
(Spencer 1967; 1973)  

Yes Yes Consider H &V 

Morgenstern-Price 
(Morgenstern and Price 1965)  

Yes Yes Consider H &V 

Lowe-Karafiath 
(Lowe and Karafiath 1960) 

Yes No Consider H &V 

Corps of Engineers 
(Corps of Engineers 1982) 

Yes No Consider H &V 
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          Table 2.2 Characteristics of Equilibrium Methods (Duncan & Wright, 1980) 

Method Characteristics 

Slope Stability Charts 
(Duncan et al., 1987; Janbu, 1968) 

Suitable for many geotechnical problems 
Applied for circular slip surfaces only 
Time-saving 

Ordinary Method of Slices 
(Fellenius, 1927; Fellenius, 1936) 

Meet a requirement of moment equilibrium 
Unsatisfied horizontal or vertical force equilibrium 

Bishop's Modified Method 
(Bishop, 1955) 

Applied for circular slip surfaces 
Meet a requirement of moment equilibrium 
Meet a requirement of vertical force equilibrium 
Unsatisfied horizontal force equilibrium 

Force Equilibrium Methods 
(Engineers, 1970; Lowe, 1960) 

Suitable for any kinds of slip surfaces 
Unsatisfied moment equilibrium 
Meet a requirement of both horizontal and vertical 
force equilibrium 

Janbu's Generalized Procedure of Slices 
(Janbu, 1968) 

Suitable for any kinds of failure slip surfaces 
Meet a requirement of equilibriums 
Permits side force locations to be varied 
More frequent numerical problems than other 
methods 

Morgenstern and Price's Method 
(Morgenstern & Price, 1965) 

Suitable for any kinds of failure slip surfaces 
Meet a requirement of equilibriums  
Allows side force locations to be varied 

Spencer's Method 
(Spencer, 1967) 

Any shape of slip surfaces 
Meet a requirement of equilibriums 
Allows side force locations to be varied 
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2.1.2 Finite Element Method (FEM) 
The finite element method (FEM) is a particular numerical technique for 

solving differential equations. The FEM has broad-spectrum engineering applications. It 
was the first proposed to geotechnical engineering by (Clough & Woodward III, 1967). 
The Finite Element Method can be used to find the solution to numerous geotechnical 
problems that involve the interaction between structures and soil. The ability of FEM 
can generate many desirable characteristics of soil mass, such as stresses, 
displacements, and pore water pressure. It can be used to simulate the stage of 
construction such as backfill, consolidation, swelling, and dissipation of excess-pore 
water pressure. Seepage analysis and slope stability are also verified by FEM.  

 

 
 

Figure 2.7 Scheme of Finite Element Method (Abramson et al., 2001) 
 
 The discrete units, isolated from the soil block, are denoted as finite 

elements (Figure 2.7). These elements are interconnected at their nodes and 
predefined boundaries of the continuum (Abramson et al., 2001). 

 Although FEM shows a great deal of advantages, it has its limitations. 
The results from finite-element analysis show calculated displacement greater than 
the measured displacement (Duncan, 1996). This is because the stiff of soils on site 
tends to be higher than soils in the lab due to aging effects. Besides, the samples 
suffered from disturbance during sampling and the process of transportation. 



18 
 

 
 

2.2 Previous studies and failure mechanisms of waste dumpsites 
An increase in the dimension of the open-pit mine results in the amount of 

overburden removal. The mine by-products are excavated and transferred by trucks 
or conveyor belts to spread on end-dumped fills. The management of waste dump 
areas plays a leading role in the stability of a slope. There are many failures of mine 
waste dump have reported in the last two decades (Dawson et al., 1998; Omraci et al., 
2003; Zevgolis et al., 2019; Zhan et al., 2018). It was documented from previous studies 
that the most failure mechanisms of deposits came from many factors contributing to 
the instability of the waste dump, such as high pore-water pressure with a thin layer 
of soft clay beneath the waste dump (Poulsen et al., 2014; Steiakakis et al., 2009; Su 
& Miller, 1995), wetting and seepage process (Lavigne et al., 2014; Vassilis et al., 2015; 
Yin et al., 2016), high moisture sensitive excavated soil caused reduction in shear 
strength of soils (Kasmer et al., 2006; B. Richards et al., 1981), the inclination of original 
slope surface (Kavvadas et al., 2020). 

The spoil pile at Goonyella Mine in central Queensland, Australia was recorded 
as the failure of the basal layer and horizontal movement, forming a passive wedge 
and active wedge (Figure 2.8). The inclination of the basal layer was indicated to be 
worthy of attention in slope stability.  

 

 
 

Figure 2.8 Monitoring results of a large overburden dump failure  at Goonyella Mine, 
Australia (B. Richards et al., 1981) 
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Similarly, the collapse of the overburden dump in India caused the killing of 
14 people in 2009 (Figure 2.9). The failure initiated settle at the crest of a slope and 
mobilization of a layer of high plasticity back cotton soil, establishing active wedge and 
passive wedge.  The toe soil moved approximately 70 m from the original position. 
From laboratory test results, the internal friction angle of overburdened soil is typically 
from 35 to 40 degrees. However, it was reduced to around 15 degrees due to the 
saturation process.  

 

 
 

Figure 2.9 Failure mechanics of mine overburden dump in India  
(Poulsen et al., 2014) 

 
Another case, the South Field Mine (SFM) in Northern Greece was claimed to 

fail in 2004 (Steiakakis et al., 2009). An enormous failure took action in the center of 
the waste dump (Figure 2.10 and Figure 2.11). A volume of 40,000,000 m3 of soil was 
involved in mobilization as well as 2,500,000 m3 of soil flowed to a distance of 300 m 
from the toe of the deposit (Kavouridis, 2004). From geotechnical investigation, high 
excess pore water pressure of the waste material was generated, together with a soft 
clayed layer beneath the dump. As a consequence, the low shearing strength of dump 
soil settled vertically and translational progressive landslide along with a lower layer, 
showing the slip surface failure at the base. 
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Figure 2.10 Schematic representation of South Field Mine (Steiakakis et al., 2009) 
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Figure 2.11 Main scarp of the dump failure (Steiakakis et al., 2009) 
 
The Central Pit coal mine in Turkey, a large-scale spoil pile failure was 

published by (Kasmer et al., 2006). The overall area of 0.3 km2 took place in 2001 
(Figure 2.12). Observing from field investigation, several cracks occurred at the crest 
before the failure event, and the toe of a slope moved horizontally. It was concluded 
that the destruction was initiated as a result of the lowering shear strength of soil at 
the base of the dump and settlement at the crest of spoil due wetting process.  
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Figure 2.12 Schematic representation of Central Pit coal mine, Turkey 
                            (a) A plan view of Central Pit and 

          (b) Typical cross-section of dump  (Kasmer et al., 2006) 
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A comprehensive in-situ work was carried out to investigate the catastrophic 
landslide of a waste dump in 2015, in Shenzhen, China (Figure 2.13 and Figure 2.14).  

 

 
 

Figure 2.13 Aerial view of the 2015 Shenzhen landslide (Zhan et al., 2018) 
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Figure 2.14 Cross-section of the 2015 Shenzhen landslide (Zhan et al., 2018) 
 
The deep-seat translational failure of the 2015 Shenzhen landslide is an overall 

mass of 2,500,000 m3, resulting in the loss of 77 lives and the demolishing of 33 blocks.  
It was a quarry mine before changing to a construction waste dump. The construction 
high of 110 m was completely finished in 22 months, with around 58,000,000 m3 of 
loose-fill material. With high-speed deposited rate caused the development of excess 
pore water pressure in low-permeability material. A poor drainage system induced a 
higher groundwater table due to rainfall infiltration—low shear strength of waste 
material due to inadequate compaction.   
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CHAPTER III 

INVESTIGATION OF A LARGE-SCALE WASTE DUMP FAILURE AT 
THE MAE MOH MINE IN THAILAND 

 

3.1 Description of the waste dump slope failure 
The Mae Moh Mine is situated in the Mae Moh district of Lampang province, 

Thailand, as illustrated in Figure 1.1, within the Mae Moh tertiary basin characterized 
by a thickness exceeding one thousand meters. Geological investigations in the Mae 
Moh basin have identified three primary categories of formations—Na Kheam, Huai 
King, and Huai Luang, as detailed by (Songtham et al., 2005; Touch et al., 2015; Zarlin 
et al., 2012). The Na Kheam formation, distinguished as the principal lignite-bearing 
formation, exhibits a thickness ranging from 250 to 400 meters, predominantly 
comprised of lignite seams, and interposed with gray to greenish-gray claystone and 
mudstone. The Huai King formation encompasses a fluvial sequence, comprising semi-
consolidated fine to coarse sandstone, claystone, mudstone, and conglomerate, 
presenting various colors (green, yellow, blue, and purple) and variable thicknesses 
ranging from 15 to 150 meters. The Huai Luang formation, the youngest tertiary 
formation, includes red to brownish-red semi-consolidated and unconsolidated 
claystone, siltstone, and sandstone, with thicknesses spanning from 5 to 350 meters, 
as depicted in Figure 3.1. The materials extracted from the mine surface were 
subsequently conveyed to the west dumpsite through the use of a belt conveyor, 
facilitating the creation of the initial terrace on a slope, as depicted in Figure 3.2. 



31 
 

 
 

 
 

Figure 3.1 Generalized stratigraphic column 
 

 
 

Figure 3.2 Log of surface soil borehole 
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Figure 3.3 Changes in the topography of the study areas from 1992 to 2017  
 

Figure 3.3 delineates the progression of surface topography at the waste 
dumpsite between 1992 and 2017. A substantial disposal of coal mining wastes, 
originating from mineral resource extraction and processing, was extensively directed 
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to the West Dumpsite. The initially planned elevation for the waste dump materials 
ranged from 330 m MSL to 590 m MSL, with a designed height of 260 m. Vegetation, 
in the form of trees and shrubs, was intentionally introduced on the slope of the 
terrace surface. 

The disposal procedure commenced with the initial deposition of coal waste 
materials into the swamp area at the dump site. Subsequent continuous dumping into 
existing rivers and natural ponds resulted in the elevation of the catchment from 
+326m MSL to approximately +340m MSL by 1995. Over the years, the spatial extent 
of waste material deposition expanded, ultimately encompassing the catchments until 
the conclusion of the observation period in 2017. 

Initially characterized by a granular composition exhibiting a relatively high 
effective friction angle, the waste dump materials underwent substantial degradation 
during wetting and drying cycles associated with seasonal variations. This deterioration 
rendered the material easily breakable by hand and prone to slaking, transforming into 
fine clay particles with relatively high voids. Consequently, the overall waste dump 
material transitioned into a loosely compacted clay, devoid of a distinct peak strength, 
after several years of deposition. The initial dump materials in the swamp were 
anticipated to undergo significant slaking, resulting in the formation of a weak clay layer 
above a hard foundation. 
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(a) 

 
(b) 
 

Figure 3.4 The Unmanned Aerial Vehicles (UAVs) images of the waste dump area:                  
(a) captured before the failure in November 2016 and  

               (b) captured after the failure in March 2018. 
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On March 18, 2018, the waste dumpsite experienced a collapse characterized 
by rotational slumping at the crest and the translation of a mass at its toe in a spreading 
manner. This failure of the waste dump slope covered an area of approximately 1.56 
km2, occurring when the waste dumping reached an elevation of +465 m MSL, 
representing a height of approximately 135 m measured from the initial dump 
elevation of +330 m MSL. Figure 3.4(a-b) presents aerial views of the waste dump area 
before and after the catastrophic waste dump slope failure, captured using the 
Unmanned Aerial Vehicles (UAV) technique. 

 

 
 

Figure 3.5 Development of the West waste dump collapsed in the failure 
 

Figure 3.5 delineates the failure zone, partitioned into three distinct areas 
denoted as Areas 1, 2, and 3. Areas 1 and 2 represent the principal bodies of failure. 
In Area 1, the failure exhibited cohesiveness and underwent lateral translation sliding, 
slipping approximately 50 to 70 m. Conversely, Area 2 experienced rotational sliding 
and spreading over a distance of roughly 200 to 300 m, displaying indications of 
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mudflow at the deposit's toe. The major and minor scarps, measuring approximately 
45 m and 25 m in height at the top and central region of the failure zone, respectively, 
were observed. The crest of the slope demonstrated vertical slumping between the 
back scarp and prominent scarp (active wedge), while the larger spreading blocks 
constituted the passive wedge. The observed phenomenon was classified as a deep-
seated multi-wedge failure mechanism, as documented by (Poulsen et al., 2014; 
Simmons & McManus, 2004). In Area 3, the initial failure occurred at the top, 
characterized by an immediate movement collapse following the landslide's body, 
subsequently flowing toward the toe of the slope. Numerous transverse and radial 
cracks were identified at the first and second benches. 

 

3.2 Geophysical and geotechnical investigation 
Thorough geophysical and geotechnical investigations were undertaken to 

delineate the characteristics of the waste dump. The utilization of electrical resistivity 
tomography, an advanced geophysical technique, involved the systematic 
arrangement of electrodes to measure changes in electrical resistivity properties. The 
recorded variations consistently correlated with alterations in lithology, water 
saturation, fluid conductivity, porosity, and permeability. This dataset facilitated the 
mapping of stratigraphic units, geotechnical structures, fractures, and groundwater 
within the waste dump. 
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Figure 3.6 The locations of boring logs and piezometers monitoring 
 

Within the landslide zone, a comprehensive geotechnical investigation was 
conducted, incorporating remote sensing applications, field monitoring, boring logs, 
and geotechnical laboratory tests. The primary objective was to characterize water 
table conditions within the waste mass and ascertain key materials engineering 
parameters. Following the waste dump failure incident, a total of 19 borehole tests 
were executed within the failure zone, as illustrated in Figure 3.6. Approximately one 
month after the waste dumpsite failure, 11 borehole tests (designated as S1 to S5) 
were carried out at the toe of the slope. In March 2019, two additional boreholes (InJ1 
and InJ2) were specifically drilled to investigate the failure plane between the waste 
dump materials and the existing original ground. Further borehole tests were 
conducted in January 2020, including two boreholes (WD7 and WD8) located next to 
the south boundary of the failure zone, and one borehole (B2) near the top elevation 
of the waste dump. Additionally, Boreholes B3 and B4 were positioned in the middle 
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of the failure zone, and Borehole WD16 (next to the north boundary of the failure 
zone) was tested in June and August of 2020. 

In addition to borehole tests, vibrating-wire, and standpipe piezometers were 
strategically installed and monitored at locations depicted in Figure 3.6 to observe 
water table fluctuations and pore-water pressure. Utilizing a cement-bentonite grout 
mixture proved to be a reliable method for measuring pore-water pressure, given its 
capability to provide readings with a notable time lag. This approach, well-documented 
in projects of a similar nature, exemplifies our commitment to precision and reliability 
in gathering essential data for a thorough understanding of the site conditions 
(Mikkelsen & Green, 2003; Wan & Standing, 2014).  

Figure 3.7 provides a cross-sectional view (a-a) of the slope profile of the waste 
dumpsite, as indicated in Figure 3.6. The dashed black line and the solid red line 
delineate the pre-failure and post-failure slope profiles of the waste dumpsite, 
respectively, with the original ground approximately at an elevation of +330 m MSL. 
The dashed blue lines represent the water levels obtained from piezometer 
monitoring. Upon scrutiny of the slope profiles before and after the failure, it becomes 
evident that the principal slumping block underwent vertical movement at the highest 
elevation (+465 m MSL in 2018), acting as an active wedge. This vertical movement 
was succeeded by horizontal translation, functioning as a passive wedge, with the 
resulting debris spreading toward the toe of the waste dump area. 
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Figure 3.7 The topographic configuration of the waste dump's slope
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The waste dump materials encountered at Borehole B2 primarily comprised 
fragments of claystone, classified as poorly graded sand (SP) according to the Unified 
Soil Classification System (USCS). Additionally, a weak clay layer, with a depth of 
approximately 3 m, was identified above the existing original ground level at an 
elevation of +331 m MSL. In the case of Borehole B3, a significant outflow of water 
within the deposit was observed during the drilling process. This water discharge 
persisted for approximately 3 hours, starting at a depth of 82 m from the top evaluation 
at +420 m MSL, and roughly 10 m above the existing ground level (elevation of +331 
m MSL). 

This phenomenon may be attributed to elevated excess pore water pressure, 
recognized as a primary factor instigating landslide failures (Ouyang et al., 2017; Wang 
& Sassa, 2003). The topsoil profile at Borehole B4, characterized by a top elevation of 
+360 m MSL and a thickness of about 5 m, is predominantly comprised of claystone. 
Below this topsoil, during the drilling process, medium clay was encountered at a 
depth of approximately 10 to 15 m. Additionally, about 2 m of weak clay was identified 
above the existing ground level. 

Significantly, the medium clay and weak clay were situated within an existing 
swamp area, as depicted in the topography evolution of the waste dumpsite (Figure 
3.3). A typical soil profile at the toe of the waste dumpsite, derived from a series of 
boring logs (Borehole S2-1, S2-2, and S2-3), revealed that the overburdened materials, 
approximately 10 m in thickness, consisted of relatively moist claystone. The 
underlying layer comprised clayey soils, spanning approximately 10 to 12 m in 
thickness. Additionally, layers of weak material (swamp clay), measuring about 3 to 5 
m, were identified above the original ground foundation at elevations ranging from 
approximately +325 m to +327 m MSL. 

The vibrating-wire piezometer boreholes (B2, B3, WD16, and WD8) were 
meticulously backfilled with cement-bentonite grout. The strategic placement of 
piezometers at various locations and depths is depicted in Figure 3.7, where the 
nomenclature for vibrating-wire piezometers adheres to the format B-V. Here, B 
denotes the borehole name, and V signifies the position of the vibrating-wire 
piezoelectric sensor, exemplified by designations such as B2-V2, B3-V3, WD16-V3, and 
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WD8-V3. Figure 3.8 provides an illustration of the observed pore water pressure from 
the piezometers at different locations. Over a year of observation, water levels 
exhibited negligible fluctuations. Pore-water pressure monitoring at B2-V2, B3-V3, 
WD16-V3, and WD8-V3, positioned proximately to the original ground level, revealed 
that the pressures within the failure zone (B3-V3 and WD16-V3) exceeded those outside 
the failure zone (WD8-V3). 
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Figure 3.8 The measured water pressure elevation monitored from piezometers
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3.3 Electrical resistivity tomography (ERT) method 
In pursuit of a comprehensive understanding of subsurface conditions within 

the waste dumpsite, the electrical resistivity tomography (ERT) technique was 
systematically employed alongside geophysical and geotechnical investigations. ERT 
serves as a geophysical imaging method designed to assess the electrical resistivity of 
subsurface materials. Leveraging the principle that different materials exhibit unique 
electrical resistivities, this technique provides valuable insights into the subsurface 
condition. Its versatile applications extend to mineral exploration, groundwater 
monitoring, and geotechnical engineering, as evidenced by studies (Al-Fares & Al-Hilal, 
2018; Suzuki et al., 2000; Thompson et al., 2012).  

The ERT technique involves the controlled injection of an electrical 
current into the ground via a specific pair of electrodes, while simultaneously 
measuring the resulting voltage across another designated pair of electrodes. 
Systematic variations in electrode positions and current direction are implemented to 
capture multiple measurements at various points and depths beneath the surface. 
Adhering to Ohm's law, the measured voltage values are then converted into apparent 
resistivity values for the ground segment situated between the two electrodes. Utilizing 
input current, measured voltage, and array geometry, a resistivity model of the 
subsurface (pseudo-section) is meticulously generated (Edwards, 1977). The resultant 
image depicting subsurface ground resistivity is subject to interpretation to discern 
variations in soil or rock properties. 
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Figure 3.9 The positions of the electrical resistivity tomography (ERT) profiles within this investigation 
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Within the scope of this study, four Electrical Resistivity Tomography (ERT) 
profiles (LINE A, LINE B1, LINE B2, and LINE D) situated within the collapsed zone and 
two additional ERT profiles (LINE C1 and LINE C2) in proximity to the failure zone were 
systematically examined, as illustrated in Figure 3.9. These ERT profiles were 
strategically positioned to intersect the specified boring logs outlined in Figure 3.6, 
offering a comprehensive understanding of the soil profiles. The recorded resistivity 
values spanned from 2 to 40 Ohm.m (Ωm). Based on these resistivity values, the 
subsurface materials were systematically classified into three distinct groups: clay and 
silt materials (2 – 8 Ωm), clayey-sand materials (12.5 – 17.5 Ωm), and sandstone or 
lignite materials (23 – 40 Ωm). (Al-Fares & Al-Hilal, 2018; Pasierb et al., 2019; Porras et 
al., 2022).  

Figure 3.10 specifically illustrates the ERT profile for cross-section Line C1, 
providing insights into the inhomogeneous nature of the waste dump materials. The 
resistivity values, calibrated with soil properties at boring log B2, offered a 
comprehensive understanding of the subsurface properties and groundwater level 
within the elevation range of +342.02 m MSL to the existing ground elevation of +330 
m MSL. In this segment, resistivity values spanning from 12.5 to 17.5 Ωm indicated 
clayey-sand materials, while the detected water table at approximately elevation +440 
m MSL, in alignment with piezometer analysis, was identified as a perched water table, 
situated within the waste material and surpassing the ground surface. 
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Figure 3.10 Cross-sectional Line C1 ERT profile 
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Figure 3.11 Cross-sectional Line D ERT profile 
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The resistivity values along the longitudinal cross-section of the failure zone, 
depicted in Figure 11 (Line D), illustrate the gradual descent of the perched water table 
from the highest elevation (WEST) to the lowest elevation (EAST). Examining the 
resistivity values within the elevation range of +346.9 m MSL to the existing ground 
elevation +330 m MSL, corresponding to the soil profile from boring log B3, revealed 
a range of 5 to 10 Ωm. This range indicated the presence of clay materials with high 
moisture content, aligning with the soil properties identified in the boring log. The 
consistency between resistivity values and soil properties reinforces the 
characterization of clay materials with elevated moisture content. 

Figure 3.12 portrays the ERT profile of the transverse cross-section Line A, 
situated at the lower part of the slope within the failure zone. The resistivity values in 
this profile were compared with soil profiles from boring logs B4, In J1, and In M1. The 
results exhibit agreement, confirming the presence of silty clay materials with high 
moisture content, as identified through both ERT and boring log analyses. Despite the 
inhomogeneous nature of waste dump materials with varying moisture contents, to 
simplify the analysis of the failure caused using the finite element method, the 
materials were assumed to be homogeneous, as illustrated in Figure 3.6. 
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Figure 3.12 Cross-sectional Line A ERT profile 
  



50 
 

 
 

3.4 Reference 
Abramson, L. W., Lee, T. S., Sharma, S., & Boyce, G. M. (2001). Slope stability and 

stabilization methods. John Wiley & Sons.  
Al-Fares, W., & Al-Hilal, M. (2018). Integration of electrical resistivity tomography with 

electromagnetic and soil radon measurements for characterizing the leakage 
problem in Afamia B dam, Syria. Geofísica internacional, 57(4), 275-287.  

Bowles, J. E. (1979). Physical and geotechnical properties of soils.  
Cheng, Y. M., & Lau, C. (2014). Slope stability analysis and stabilization: new methods 

and insight. CRC Press.  
Clough, R. W., & Woodward III, R. J. (1967). Analysis of embankment stresses and 

deformations. Journal of the Soil Mechanics and Foundations Division, 93(4), 
529-549.  

Dawson, R., Morgenstern, N., & Stokes, A. (1998). Liquefaction flowslides in Rocky 
Mountain coal mine waste dumps. Canadian Geotechnical Journal, 35(2), 328-
343.  

Duncan, J., Buchignani, A., & DeWet, M. (1987). An engineering manual for slope stability 
studies. Department of Civil Engineering. Geotechnical Engineering, Virginia 
Polytechnic Institute and State University, Blacksburg, VA.  

Duncan, J. M. (1996). State of the art: limit equilibrium and finite-element analysis of 
slopes. Journal of Geotechnical engineering, 122(7), 577-596.  

Edwards, L. (1977). A modified pseudosection for resistivity and IP. Geophysics, 42(5), 
1020-1036.  

Engineers, U. A. C. o. (1970). Engineering and design: Stability of earth and rock-fill dams. 
In: Dept. of the Army, Corps of Engineers Washington, DC. 

Fellenius, W. (1927). Erdstatische Berechnungen. revised edition. W. Ernst u. Sons, 
Berlin.  

Fellenius, W. (1936). Calculation of stability of earth dam. Transactions. 2nd Congress 
Large Dams, Washington, DC, 1936,  

Fredlund, D., & Krahn, J. (1977). Comparison of slope stability methods of analysis. 
Canadian Geotechnical Journal, 14(3), 429-439.  



51 
 

 
 

Janbu, N. (1968). Slope stability computations, soil mechanics and foundation 
engineering report. Technical University of Norway, Trondheim.  

Kavouridis, K. (2004). Report of the General Management of Mines (PPC), on the 
interception and stabilization of the failure in the South Field Mine. 
Unpublished technical report, in Greek.  

Kavvadas, M., Roumpos, C., & Schilizzi, P. (2020). Stability of Deep Excavation Slopes in 
Continuous Surface Lignite Mining Systems. Geotechnical and Geological 
Engineering, 38(1), 791-812.  

Lavigne, F., Wassmer, P., Gomez, C., Davies, T. A., Hadmoko, D. S., Iskandarsyah, T. Y. 
W., Gaillard, J. C., Fort, M., Texier, P., & Heng, M. B. (2014). The 21 February 2005, 
catastrophic waste avalanche at Leuwigajah dumpsite, Bandung, Indonesia. 
Geoenvironmental Disasters, 1(1), 1-12.  

Lowe, J. (1960). Stability of earth dams upon drawdown. Proc. 1st Pan American 
Conference on Soil Mechanics and Foundation Engineering, Mexico City, 1960,  

Mikkelsen, P., & Green, G. E. (2003). Piezometers in fully grouted boreholes. FMGM-field 
measurements in geomechanics, Oslo, Norway.  

Omraci, K., Merrien-Soukatchoff, V., Tisot, J.-P., Piguet, J.-P., & Nickel-SLN, L. (2003). 
Stability analysis of lateritic waste deposits. Engineering Geology, 68(3-4), 189-
199.  

Ouyang, C., Zhou, K., Xu, Q., Yin, J., Peng, D., Wang, D., & Li, W. (2017). Dynamic analysis 
and numerical modeling of the 2015 catastrophic landslide of the construction 
waste landfill at Guangming, Shenzhen, China. Landslides, 14(2), 705-718.  

Pasierb, B., Grodecki, M., & Gwóźdź, R. (2019). Geophysical and geotechnical approach to 
a landslide stability assessment: a case study. Acta Geophysica, 67(6), 1823-1834.  

Richards, B., Coulthard, M., & Toh, C. (1981). Analysis of slope stability at Goonyella 
Mine. Canadian Geotechnical Journal, 18(2), 179-194.  

Simmons, J. V., & McManus, D. A. (2004). Shear Strength Framework for Design of 
Dumped Spoil Slopes for Open Pit Coal Mines. In Advances in geotechnical 
engineering: The Skempton conference (pp. 981-991). Thomas Telford 
Publishing. https://doi.org/doi:10.1680/aigev2.32644.002610.1680/aigev2.32644. 
0026  



52 
 

 
 

Songtham, W., Ratanasthien, B., Watanasak, M., Mildenhall, D. C., Singharajwarapan, S., 
& Kandharosa, W. (2005). Tertiary basin evolution in northern Thailand: A 
palynological point of view. Natural History Bulletin of the Siam Society, 53(1), 
17-32.  

Spencer, E. (1967). A method of analysis of the stability of embankments assuming 
parallel inter-slice forces. Geotechnique, 17(1), 11-26.  

Su, W., & Miller, H. (1995). Waste pile stability and debris flow formation. The 35th US 
Symposium on Rock Mechanics (USRMS),  

Suzuki, K., Toda, S., Kusunoki, K., Fujimitsu, Y., Mogi, T., & Jomori, A. (2000). Case studies 
of electrical and electromagnetic methods applied to mapping active faults 
beneath the thick quaternary. In Y. Kanaori, K. Tanaka, & M. Chigira (Eds.), 
Developments in Geotechnical Engineering (Vol. 84, pp. 29-45). Elsevier. 
https://doi.org/https://doi.org/10.1016/S0165-1250(00)80005-X  

Taylor, D. W. (1937). Stability of earth slopes. J. Boston Soc. Civil Engineers, 24(3), 197-
247.  

Thompson, S., Kulessa, B., & Luckman, A. (2012). Integrated electrical resistivity 
tomography (ERT) and self-potential (SP) techniques for assessing hydrological 
processes within glacial lake moraine dams. Journal of Glaciology, 58(211), 849-
858.  

Touch, S., Pongpanlarp, P., Pipatpongsa, T., & Takemura, J. (2015). Underground water 
in open pit mining at Mae Moh mine of Thailand. ASEAN Engineering Journal, 
4(1), 126-143.  

Vassilis, M., Theodoros, T., Spyridon, P., Panagiotis, T., Alexandros, C., & Konstantinos, 
V. (2015). Large Induced Displacements and Slides Around an Open Pit Lignite 
Mine, Ptolemais Basin, Northern Greece. In Engineering Geology for Society and 
Territory-Volume 2 (pp. 311-315). Springer.  

Wan, M. S., & Standing, J. R. (2014). Lessons learnt from installation of field 
instrumentation. Proceedings of the Institution of Civil Engineers-Geotechnical 
Engineering, 167(5), 491-506.  

 



53 
 

 
 

Wang, G., & Sassa, K. (2003). Pore-pressure generation and movement of rainfall-
induced landslides: effects of grain size and fine-particle content. Engineering 
Geology, 69(1), 109-125. https://doi.org/https://doi.org/10.1016/S0013-7952(02) 
00268-5  

Wang, J., & Chen, C. (2017). Stability analysis of slope at a disused waste dump by two-
wedge model. International Journal of Mining, Reclamation and Environment, 
31(8), 575-588. https://doi.org/10.1080/17480930.2016.1270498  

Whitlow, R. (1990). Basic soil mechanics.  
Yin, Y., Li, B., Wang, W., Zhan, L., Xue, Q., Gao, Y., Zhang, N., Chen, H., Liu, T., & Li, A. 

(2016). Mechanism of the December 2015 catastrophic landslide at the 
Shenzhen landfill and controlling geotechnical risks of urbanization. 
Engineering, 2(2), 230-249.  

Zarlin, N., Sasaoka, T., Shimada, H., & Matsui, K. (2012). Numerical Study on an 
Applicable Underground Mining Method for Soft Extra-Thick Coal Seams in 
Thailand. Engineering, 04(11), 739-745. https://doi.org/10.4236/eng.2012.411095  

 

 
  



54 
 

 
 

 
CHAPTER IV 

STABILITY ANALYSIS OF A LARGE-SCALE WASTE DUMP FAILURE 
AT THE MAE MOH MINE IN THAILAND 

 
4.1  Stability Analysis by the Finite Element Method 

In this chapter, the primary objective of this investigation is to identify the cause 
of the waste dump slope failure by analyzing the stability of a waste dumpsite, 
considering its geometry and construction sequence. The analysis results are then 
compared against established minimum stability criteria explicitly formulated for mine 
waste dumpsites, as documented in prominent research and practical literature. 

Various analytical techniques were employed to assess waste dumpsite 
stability, broadly categorized into two main groups: deterministic and probabilistic. The 
deterministic method aims to determine a specific index value representing stability, 
such as the factor of safety (FS) or strength reduction factor (Goh et al., 2019; Zhang & 
Goh, 2012). This approach is frequently intertwined with numerical modeling 
techniques, including finite element and distinct element methods. 

The probabilistic techniques are geared towards establishing a probability of 
failure (PF), denoting the likelihood of a failure of a given magnitude based on the 
variability of input parameters(Giasi et al., 2003; Xu & Low, 2006). The correlation 
between the factor of safety and probability of failure for overall static stability is 
outlined as follows: FS < 1.1, PF > 20%, FS = 1.1 – 1.2, PF = 10 – 20%, FS = 1.2 – 1.3, 
PF = 5 – 10%, FS = 1.3 – 1.5, PF = 1 – 5%, and FS > 1.5, FS <1% (Jefferies et al., 2008; 
Read & Stacey, 2009; Tapia et al., 2007).  

In the field of geotechnical engineering, the assessment of stability for both 
natural and man-made earthworks often involves a parametric study. Traditional 
methods rely on the factor of safety, as determined through the limit equilibrium 
method. Pioneered by  Janbu (1954), Bishop (1955), and Morgenstern and Price (1965) 
based on the method of slices, this approach has a lengthy history. However, it is not 
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exempt from limitations, including assumptions about the failure plane's shape, forces 
acting between slices, and a lack of consideration for strain and displacement 
compatibility  (Krahn, 2003). Consequently, despite its widespread use, the method's 
high reliability continues to be a subject of ongoing investigation. In contrast, the finite 
element method, particularly when utilizing a strength reduction technique, has gained 
increasing favor in recent decades. The strength reduction technique, introduced by 
Zienkiewicz et al. (1975) entails estimating the safety factor through a simultaneous 
reduction in the effective friction angle and effective cohesion of the soil material. 
Therefore, this research employed the finite element method through the utilization 
of the Plaxis 2D computer software to examine the failure of the waste dump slope. 
Plaxis 2D is a widely adopted software for addressing intricate geotechnical and mining 
challenges, renowned for its capacity to model soil behavior with high precision (Afiri 
& Gabi, 2018; Albataineh, 2006; Udomchai et al., 2017).  

In general, the stability of a mine waste dumpsite is governed by a range of 
factors. Based on the site investigation and electrical resistivity tomography (ERT) 
profiles, this study categorizes these factors into three primary considerations: the 
foundation geometry and condition, the waste dumpsite geometry, material 
properties, and construction sequence, and the presence of perched water conditions. 

To analyze the potential causes of waste dump failure, this study conducted a 
comprehensive examination through three distinct cases. The first case focused on dry 
waste dump materials and their consequences. The second case simulated an increase 
in the perched water table. A comparative analysis between these two cases was 
undertaken to discern the impact of the perched water table on waste dump failure. 

Within the waste dump mining area, a perched water table can form due to 
impermeable materials, like clay or waste rock, creating a barrier that impedes 
downward water movement. The recorded annual rainfall in the Mae Moh Mine, as 
depicted in Figure 3.8, is representative of typical tropical region precipitation. Rainfall 
prompts water infiltration through the waste dump, and impermeable layers trap the 
water above, resulting in the development of perched saturated zones. Over 
prolonged periods, with cycles of wet and dry seasons, these perched zones may 
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expand or merge, culminating in the formation of a large interconnected perched water 
table. 

The third simulation case (Case 3) incorporates the inclusion of a thin and weak 
basal layer above the hard foundation and beneath the waste dump materials. This 
layer accounts for the degradation of the waste dump material (claystone) discovered 
in the swamp area during geophysical and ERT investigations. The incorporation of this 
layer aims to model the potential sliding failure of the dumpsite resulting from the 
gradual weakening of the basal layer over time. 

 

 
 

Figure 4.1 Finite element modeling of the waste dump slope 
 
The finite element modeling incorporated geological and perched water 

conditions, as depicted in Figure 4.1. The waste dump, with a maximum height of 135 
m and an average slope inclination of 10% (horizontal to vertical ratio of 1:6), was 
situated above the original ground, represented as a horizontal line. The waste dump 
materials were stratified into four sub-layers to account for the history of the waste 
dumping process. A 4-meter basal layer was assumed to be a weak clay layer based 
on field and geotechnical investigations. The foundation layer beneath the waste 
dump was considered a hard stratum. The waste dump material itself was modeled 
as normally consolidated material, indicating no prior stress history or compaction. This 
modeling approach aimed to capture essential geological and structural features 
influencing the waste dump slope stability. 

The finite element analysis was conducted using the Mohr-Coulomb 
constitutive model, selected for its appropriateness in representing the soil 
characteristics and stage construction at Mae Moh Mine. This model, widely utilized in 
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analogous mining studies, is known for its simplicity and effective approximation of soil 
behavior  (Afiri & Gabi, 2018; Albataineh, 2006; Udomchai et al., 2017). The Mohr-
Coulomb model relies on five soil parameters: friction angle, cohesion, Young’s 
modulus, Poisson’s ratio, and dilatancy angle. For clay soils, the dilatancy angle was 
set to zero. When the friction angle was less than 30 degrees, the dilatancy angle was 
also set to zero. In cases where the friction angle exceeded 30 degrees, the dilatancy 
angle equaled the friction angle minus 30 degrees (Brinkgreve, 2005). 

There were totally six stages of the construction process, including (1) the 
generation of initial stresses and installation of the first terrace, (2) the installation of 
the second terrace, (3) the installation of the third terrace, (4) the installation of the 
fourth terrace, (5) the installation of the fifth terrace, and (6) the determination of the 
factor of safety (FS). The soil parameters of the waste dump materials obtained from 
the laboratory testing required for finite element analysis are presented in Table 4.1. 
Undisturbed samples of the basal soil were collected using thin wall tube samplers 
according to ASTM D6519. It was found that the samples were clayey sand with high 
organic content. Hence, it was impossible to obtain the undisturbed sample for 
laboratory triaxial tests. 

 
Table 4.1 Soil Parameters for Finite Element Analysis of Waste Dump Materials 

 
 
The meticulous calibration of the constitutive model played a pivotal role in 

ensuring the precision of simulation outcomes. This intricate process involved the 
careful adjustment of model parameters to closely align with the observed behavior, 
emphasizing the accurate replication of failure mechanisms and deformation patterns. 
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The successful calibration affirmed the appropriateness of the chosen constitutive 
model and its parameters for capturing the specific conditions that culminated in the 
waste dump failure. Subsequently, armed with a validated model, a comprehensive 
parametric study was conducted to delve further into the underlying causes of the 
failure. 

 

 
 

Figure 4.2 Finite element analysis results of the waste dump slope: (a) case 1 – dry 
condition, (b) case 2 – influence of groundwater level, and (c) case 3 – influence of 
groundwater level and softening basal layer at the base. 

 
Figure 4.2 displays the results of the finite element analysis for the three cases. 

In Case 1 (Figure 4.2a), a minor slope sliding mechanism is observed with a factor of 
safety of 1.51, indicating the stability of the waste dump slope under dry conditions. 
Transitioning to Case 2 (Figure 4.3b), where the influence of the perched water table 
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is considered, a major sliding failure mechanism is evident with a factor of safety of 
1.11. This observation aligns with field assessments of soil movement at the toe and 
along the base of the dump. Moreover, the soil mass movement at the top of the 
model corresponds to the formation of active and passive wedges, consistent with 
descriptions in prior studies (B. G. Richards et al., 1981; Zhan et al., 2018). This 
substantiates the significant impact of the perched water table on the waste 
dumpsite's stability, positioning it as a primary contributing factor to the waste dump 
failure. 

In light of the comprehensive field and geotechnical laboratory investigations, 
it was recognized that the characteristics of the weak soil in the basal layer above the 
original ground level played a pivotal role in the failure of the waste dump. 
Consequently, a meticulous parametric study was undertaken, involving the variation 
of shear parameters—specifically, the effective friction angle and effective cohesion 
values—to meticulously evaluate their impact. In this particular instance, the effective 
cohesion was fixed at 1 kPa, and the effective friction angle values were systematically 
adjusted to identify the minimum value resulting in a factor of safety greater than 1. 
Subsequently, variations in effective cohesion values were explored to discern their 
influence on the stability of the waste dump slope. 

As depicted in Figure 4.2c, the waste dump slope experienced failure when the 
effective friction angle of the weak clay layer dipped below 12 degrees. The observed 
failure mechanism mirrored that of Case 2, with the factor of safety registering below 
1.0 in this particular scenario. 
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Figure 4.3 Influence of effective cohesion and friction angle of weak clay layer on 
the factor of safety of waste dump. 
 

Figure 4.3 delineates the correlation between the shear strength parameters, 
specifically the effective friction angle and effective cohesion, and the factor of safety 
of the waste dump slope. The graphical representation underscores that the stability 
of the waste dumpsite is notably more influenced by variations in the effective friction 
angle compared to changes in effective cohesion. This observation aligns with prior 
research on high waste dump slope failures (Poulsen et al., 2014). This reinforces the 
notion that the waste dump failure stemmed from the presence of a thin, degraded 
soil layer above the hard foundation, exhibiting weaker characteristics than the waste 
dump materials and susceptible to sliding failures involving the formation of active 
and passive wedges. This phenomenon closely resembles findings from previous 
investigations into waste dump failures, as documented by various researchers (Kasmer 
et al., 2006; Poulsen et al., 2014; Steiakakis et al., 2009; Wang & Griffiths, 2019; Zevgolis 
et al., 2019). The formation of the basal layer can be attributed to the gradual 
degradation of claystone waste in the swamp area, eventually transforming it into 
clayey soil over an extended period. 
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Upon careful consideration of both the site investigation data and the results 
derived from finite element analysis, the identified factors contributing to the waste 
dump failure predominantly involve the presence of a perched water table inducing 
heightened pore-water pressure and the potential degradation of waste dump 
materials interfacing with the foundation. The failure within the dump's basal zone 
aligns with a wedge failure mode, characterized by kinematics encompassing the 
horizontal translation of a passive wedge and the vertical subsidence of an active 
wedge. 

In response to the outcomes of this investigation, it is recommended to employ 
advanced soil improvement techniques, such as the installation of vertical or 
horizontal drains, to effectively mitigate water pressure within the waste dump 
material. This strategic approach is intended to bolster stability as dumping operations 
progress toward the targeted height. Additionally, a systematic regimen of monitoring 
pore-water pressures and deformations through inclinometers during the dumping 
process is strongly advocated, providing a proactive means to detect and address 
potential stability challenges. 

This research significantly advances the understanding of the contributing 
factors leading to the catastrophic waste dump slope failure at the Mae Moh Mine. 
While previous case studies have underscored factors like excess pore water pressure, 
weak foundation layers, and wedge failure mechanisms, this study provides a 
comprehensive examination of the unique combination of causal elements specific to 
the Mae Moh dump failure. The utilization of an integrated methodology, combining 
electrical resistivity tomography imaging with geotechnical field data, enables a 
detailed characterization of the complex stratification of waste layers and 
hydrogeological conditions. The application of 2D finite element stability analyses, 
driven by empirical data, quantifies the respective impacts of elevated perched 
groundwater and strength reduction within a thin degraded clay layer above the rigid 
foundation. These nuanced insights will serve as a basis for informed and targeted 
remediation strategies, optimizing stability considerations as dumping activities progress 
toward the ultimate height. 
 



62 
 

 
 

4.2  Conclusions 
The investigation into the catastrophic waste dump failure at the Mae Moh 

Mine was prompted by data obtained from the Electricity Generating Authority of 
Thailand (EGAT). According to EGAT, the excavation at Mae Moh Mine, located in the 
northeast region of Thailand, is planned to extend to a larger and deeper scale, 
reaching depths of up to 500 m. Consequently, the waste material was initially 
intended to be dumped to a height of 260 m. However, a significant failure occurred, 
covering an area of approximately 1.56 km2 when the dump had reached a height of 
only 135 m from the original ground level. This research aimed to ascertain the cause 
of this catastrophic waste dump failure through a meticulous examination of slope 
stability at the dump site. The investigation incorporated a comprehensive geophysical 
approach, employing electrical resistivity tomography, coupled with geotechnical 
methods such as field observation, borehole exploration, remote-sensing techniques, 
geotechnical laboratory tests, and finite element analysis. 

The results of the geophysical and geotechnical investigations revealed that 
the subsoil profile of the waste dump was characterized by heterogeneity and varying 
moisture contents. The deposition of different types of mine waste materials over time 
contributed to this variability in the subsoil profile. Notably, the presence of a weak 
and degraded claystone layer above the hard foundation, particularly in swamp areas, 
was identified during the investigation. The formation of a perched water table, caused 
by impermeable materials obstructing downward water movement, was observed in 
the waste dump mining area. The inadequate drainage system at the dumpsite was 
also noted, suggesting that the seepage force or the influence of the perched water 
might be significant contributors to slope failure. 

Another potential cause of the slope failure was identified in the reduced shear 
strength of the degraded clay layer situated between the original foundation and the 
waste dump body. The primary failure mode of the waste dump slope was identified 
as an active/passive wedge failure, initiated at the toe of the slope and propagating 
along the clay basement. Tension cracks formed at the rear part of the slope, leading 
to the destabilization of the mass. The subsequent movement of the mass resulted in 
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the formation of upper active and lower passive wedges, exhibiting a two-wedge failure 
mode. 

This study is expected to provide valuable guidance to the geotechnical and 
mining engineering teams in efficiently devising short-term and long-term remediation 
solutions. Moreover, it aims to assess the long-term implications for waste dumps, 
especially those intended to reach the target height. 
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CHAPTER V 

CONCLUSION AND RECOMMENDATIONS 
 

5.1  General summary 
The main objective of this study was to investigate the potential mechanisms 

and possible causes of the West Waste Dump in the Mae Moh mine. A piece of detailed 
information and a discussion of the failure were represented in Chapter 1. The 
literature review of the slope stability analysis including the Limit Equilibrium Method 
and Finite Element Method was provided. Additionally, the number of waste dump 
failures around the world is illustrated in Chapter 2. Chapter 3 presented the potential 
mechanisms and possible causes of a large-scale waste dump failure in the Mae Moh 
Lignite Mine. The following conclusions can be summarized from this study: 

1) The slope stability of the waste dumpsite was conducted based on a 
comprehensive geophysical investigation using electrical resistivity tomography and 
geotechnical investigation, including field observation, borehole exploration, remote 
sensing technique, geotechnical laboratory tests, and finite element analysis. 

2) The geophysical and geotechnical investigation results indicated that the 
waste dump subsoil profile was inhomogeneous and had various moisture contents. 

3) The inadequate drainage system of the dumpsite was found during the 
investigation. Hence, the seepage force or the effect of the perched water might be 
the cause of the slope failure. 

4) The reduced shear strength of the degraded clay layer, which existed 
between the original foundation and the waste dump body, might be the other 
potential cause of slope failure. 

5) The collapsed waste dump can be categorized as a two-wedge model in 
which the moving mass was divided into upper active and lower passive wedges and 
the active wedge pushed a passive wedge horizontal movement. 
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5.2  Recommendation for future works 
In this study, building on the findings and conclusions drawn from the current 

study, there are several areas where future research can contribute to a more 
comprehensive understanding of waste dump failures and aid in the development of 
effective mitigation strategies. The following recommendations are proposed for future 
works: 

1) Improved drainage system analysis: Conduct a detailed investigation 
focusing on the drainage system of waste dumpsites. Evaluate the effectiveness of 
drainage systems in preventing the accumulation of perched water and seepage forces. 
Develop improved drainage strategies to enhance slope stability and reduce the risk 
of failure. 

2) Advanced Geophysical Techniques: Explore advanced geophysical 
techniques for a more accurate characterization of subsoil profiles. Consider the 
integration of innovative methods to assess moisture content and heterogeneity in the 
waste dump. This could include the use of advanced imaging technologies and real-
time monitoring systems. 

3) Three-Dimensional Slope Stability Analysis: Expand the slope stability 
analysis to a three-dimensional framework. This could involve more sophisticated 
numerical modeling techniques, such as advanced Finite Element Analysis or other 
advanced numerical methods. A 3D analysis would provide a more realistic 
representation of the waste dump's stability under varying conditions. 

4) Risk Assessment and Management: Develop a comprehensive risk 
assessment framework for waste dump failures. Consider factors beyond geophysical 
and geotechnical aspects, such as climate change, socio-economic factors, and land-
use planning. Formulate effective risk management strategies to mitigate the impact 
of potential failures. 
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