TABLE OF CONTENTS

CERTIFICATE i-11i
DEDICATION \Y
ACKNOWLEDGEMENT V-Vi
ABSTRACT Vii-IX
TABLE OF CONTENTS
LIST OF FIGURES XVIii
LIST OF TABLES XXV
NOMENCLATURE XXVI-XXXIV
CHAPTER-I INTRODUCTION 1
1.1 GENERAL BACKGROUND 1
1.1.1  Scenario of Waste Generation 1
112 Solid Waste Management (SWM) in India S
1.1.3  Landfill Mining 10
1.2 AN OVERVIEW AND PROBLEM IDENTIFICATION 12
1.3 OBIJECTIVES 14
1.4 SCOPE OF THE STUDY 14
1.5 ORGANIZATION OF THE THESIS 15
CHAPTER-II REVIEW OF LITERATURE 19
2.1 INTRODUCTION 19
2.2 CHARACTERIZATION STUDIES OF MSW FINES 20
2.2.1  Characterization of Landfill-Mined Waste 20
2.2.1.1 Indian Landfill Studies 21
2.2.1.2 Landfill Studies Around the World 22
2.2.2  Physico-Chemical Characterization of MSW Fines 35
2.2.3  Geotechnical Characterization of MSW Fines 49
2.3 DYNAMIC CHARACTERIZATION STUDIES OF MSW 66
2.4 STUDIES ON REINFORCED MSW 78
2.5 POTENTIAL RE-USABILITY AND CHALLENGES IN USING
SOIL-LIKE WASTE/MSW FINE FRACTION 80
251 MSW Compost/Soil Conditioner 82
2.5.2 Reusability as Landfill Cover 83
2.5.3 Engineered Fill Material 84
254 Construction Material 86
2.6 TREATMENTS REQUIRED BEFORE FIELD APPLICATION 88
2.7 SUMMARY 92
CHAPTER- Il MATERIALS, EXPERIMENTAL PROGRAM,
METHODS, AND TEST PROCEDURES 93
3.1 INTRODUCTION 93
3.2 SOURCE OF MATERIALS USED 93
3.2.1 MSW Fines 93

xi



3.2.2 Fibers
3.3 TESTING PROGRAM

3.3.1 Sample Collection and Segregation of Waste
3.3.1.1 MSW Fines
3.3.1.2 Fibers

3.3.2 Laboratory Study
3.3.2.1 Morphology, Mineralogy, and Chemical

Characteristics Tests

3.3.2.1.1  Scanning Electron Microscope (SEM)
Test
33212 pH
3.3.2.1.3  Organic Content
3.3.2.1.4  Total Dissolved Solids (TDS)
3.3.2.1.5 Chloride Content
3.3.2.1.6  Total Dissolved Sulphate
3.3.2.1.7  Colour Unit Test
3.3.2.1.8  X-ray Diffraction (XRD) Test
3.3.2.1.9  X-ray Fluorescence (XRF) Test
3.3.2.2 2 Geotechnical Characterization Tests
3.3.22.1 MSW Fines
3.3.2.2.1.1 Grain size distribution

3.3.2.2.1.2 Atterberg limit test

3.3.2.2.1.3 Compaction test

3.3.2.2.1.4 Compressibility
characteristics

3.3.2.2.1.5 Permeability test

3.3.2.2.1.6 Unconfined compression
strength test (UCS)

3.3.2.2.1.7 Triaxial tests

3.3.2.2.1.8 California bearing ratio
(CBR) test

3.3.2.2.2  Fiber-Reinforced MSW Fines
3.3.2.2.2.1 Compaction test

3.3.2.2.2.2 Compressibility
characteristics
3.3.2.2.2.3 Triaxial tests
3.3.2.3 Strain Controlled Cyclic Triaxial Tests
3.3.2.3.1  Testing Equipment
3.3.2.3.2  Test Procedure
3.3.2.4 Bender Element Test
3.3.24.1  Testing Equipment
3.3.2.4.2 Test Procedure

CHAPTER- IV LABORATORY TEST RESULTS AND
DISCUSSION
4.1 INTRODUCTION
4.2 STATIC LABORATORY TEST RESULTS
4.2.1 Morphology, Mineralogy and Chemical Characteristics
4211 pH

xii

94
94
94
96
96
99

102

102

102
103
103
104
104
104
104
105
105
106

106

106
106

106
107

107
107

109
109

109

109
110
111
115
117
120
120
123

127
127
127
128
128



4212
4213
4214
4215
4.2.1.6
4217

Organic Content

Total Dissolved Solids

Chloride and Total Dissolved Sulphate Content
Colour Unit Test

Elemental/ Compound Analysis

Scanning Electron Microscope (SEM) Test

4.2.2 Geotechnical Characterization of MSW Fines

4221
4222
4223
4224
4.2.2.5
4.2.2.6
4227
4228
4.2.2.9

Grain Size Analysis

Specific Gravity

Atterberg Limit

Compaction Characteristics
Compressibility Characteristics
Permeability Characteristics
CBR Test

UCS Test

Static Triaxial Tests

4.2.3 Fiber-Reinforced MSW Fines

423.1

4.2.3.2

4233

Compaction Characteristics of Fiber-Reinforced

MSW Fines

Compressibility Characteristics of Fiber-Reinforced

MSW Fines

4.2.3.2.1 Compressibility Parameters

4.2.3.2.2 Determination of Coefficient of
Consolidation

Shear Strength Behaviour of Fiber-Reinforced MSW

Fines

4.2.3.3.1 Unconsolidated Undrained Triaxial Test
on MSW Fine Samples (Diameter:
38mm; Height:76mm)

4.2.3.3.2  Triaxial Test on MSW Fine Samples
(Diameter: 50mm; Height:100mm)

4.3 DYNAMIC LABORATORY TEST RESULTS
4.3.1 strain Controlled Cyclic Triaxial Test on Unreinforced MSW

Fines
43.1.1

43.1.2
43.1.3

Cyclic Behaviour of Compacted MSW Fines

4.3.1.1.1 Variation of Deviator Stress, Pore Water
Pressure, and Mean Effective Stress with
Number of Cycles

4.3.1.1.2  Variation of Deviator Stress with Axial
Strain and Mean Effective Stress

Liquefaction Potential of Compacted MSW Fines

Dynamic Properties of Compacted MSW Fines

43.1.3.1 Effect of Loading Frequency on
Dynamic Properties of Compacted MSW
Fines

4.3.1.3.2  Effect of Confining Pressure on Dynamic
Properties of Compacted MSW Fines

43.1.3.3 Effect of Relative Compaction on
Dynamic Properties of Compacted MSW
Fines

Xiii

128
128
129
129
129
132
135
135
137
137
137
138
139
140
141
142
145

146

146
147

151

156

156

159
161

162
162

162
169
173
175
175

177

179



4.3.1.3.4  Effect of Strain Amplitude on Dynamic
Properties of Compacted MSW Fines
4.3.1.4 Degradation Index of Compacted MSW Fines
4.3.2 Dynamic Characterization of Fiber-Reinforced MSW Fines
4.3.2.1  Effect of FC on Cyclic Strength Parameter “G” of
Fiber-Reinforced MSW Fines
4.3.2.2 Degradation Index of Fiber-Reinforced MSW Fines
4.3.2.3 Effect of FC on Cyclic Strength Parameter “D” of
Fiber-Reinforced MSW Fines
4.3.2.4 Effect of FC on ry (excess pore water pressure ratio)
of Fiber-Reinforced MSW Fines
4.3.3 Shear Wave Velocity Determination Through Bender Element
Analysis for Unreinforced and Reinforced MSW Fines with
Fibers
4.3.3.1 Consideration of Parameters for Bender Element Test
4.3.3.2 Effect of Considered Parameters on Shear Wave
Velocity (Vs)

4.3.3.2.1  Effect of Excitation Frequency (f) on Vs
4.3.3.2.2 Effect of Relative Compaction (Rc) on Vs
4.3.3.2.3  Effect of Confining Pressure (o) on Vs
4.3.3.2.4  Effect of Fiber Content (FC) on Vs
4.3.3.25  Effect of Saturation on Vs

4.3.3.3 Comparison of Present Study Results with Past

Literature

4.4 SUMMARY

CHAPTER-V CORRELATION STUDIES

5.1 INTRODUCTION

52 PORE WATER PRESSURE RATIO (r) MODEL FOR FIBER-
REINFORCED MSW FINES

5.3 CORRELATION BETWEEN SMALL STRAIN SHEAR MODULUS
(Gmax) WITH SHEAR STRENGTH (7) FOR FIBER REINFORCED
MSW FINES

54 PREDICTION MODEL FOR DISSIPATED ENERGY OF
UNREINFORCED AND REINFORCED MSW FINES AT
LIQUEFACTION
5.4.1 Energy Method
5.4.2 Linear Regression Model for Dissipated Energy of

Unreinforced MSW Fines at Liquefaction
5.4.3 Non-Linear Regression Model for Dissipated Energy of
Reinforced MSW Fines at Liquefaction

55 CORRELATIONS BETWEEN NORMALIZED SHEAR MODULUS
AND CYCLIC SHEAR STRAIN OF UNREINFORCED AND
REINFORCED MSW FINES

5.6 CORRELATIONS BETWEEN DAMPING RATIO AND CYCLIC
SHEAR STRAIN OF UNREINFORCED AND REINFORCED MSW
FINES

5.7 LIMITATIONS OF THE PRESENTED CORRELATIONS

5.8

SUMMARY

Xiv

181

185
188

188
191

193

194

197
197

198
198
202
203
205
206

208
210

213
213

212

218

220
220
223

224

226

231
236
236



CHAPTER- VI PREDICTION OF DYNAMIC SHEAR

MODULUS OF UNREINFORCED AND
REINFORCED MSW FINES: MACHINE

LEARNING APPLICATION

6.1 INTRODUCTION
6.1.1 ML Applications in Constitutive Modeling of Soils
6.2 PROBLEM SETTING
6.2.1 Prediction Models
6.2.1.1 Artificial Neural Network (ANN)
6.2.1.2 Gaussian Process Regression
6.2.1.3 Sensitivity Analysis
6.3 RESULTS AND DISCUSSION
6.3.1 Test Setup
6.3.2 Prediction Using Artificial Neural Network
6.3.3 Prediction Using Gaussian Process Regression
6.3.4 Sensitivity Analysis
6.4 SUMMARY
CHAPTER- VII CONCLUSIONS AND FUTURE SCOPE
7.1 SUMMARY AND CONCLUSIONS
7.1.1 Geotechnical Laboratory Test Results
7.1.2 Cyclic Triaxial and Bender Element Laboratory Test Results
7.1.3  Correlations and Prediction Model Study Results
7.2 LIMITATIONS AND SCOPE FOR FUTURE WORK
7.2.1 Limitations
7.2.2  Scope for Future Work
REFERENCES

LIST OF PUBLICATIONS

APPENDIX-A GEOSYNTHETIC REINFORCED MSW FINES

Al
A2
A3

A4

A5

INTRODUCTION

MATERIAL PROPERTIES

EXPERIMENTAL STUDY

A.3.1 Testing Program

A.3.2 Sample Preparation

EXPERIMENTAL RESULTS AND DISCUSSION

A.4.1 Strength Performance of Reinforced MSW Fines under

Static Loading Condition

A.4.2 Shear Strength Behaviour of Geotextile Reinforced MSW

Fines

A.4.3  Shear Strength Behaviour of Geonet Reinforced MSW Fines

A.4.4  MSW Fines—Geosynthetic Strength Ratio

A.4.5  Strength Performance of Geosynthetic Reinforced MSW
Fines under Cyclic Loading Condition

A.4.6 Comparative Analysis of Strength Under Static and Cyclic

Loading Conditions
SUMMURY

XV

239
239
241
242
243
243
245
246
247
247
248
250
252
252

255
255
256
257
259
260
260
260

263

313

317
317
317
319
319
319
321

321
323

324
329

330

337
339



XVi



