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ABSTRACT

The rapid development and population growth in a country raise the demand for extensive
infrastructure, leading to a scarcity of available land. This scarcity prompts the utilization of
areas marked by weak soil deposits, often deemed marginal or inappropriate for construction.
Weak soil deposits have challenging properties such as high moisture content, compressibility,
and very low shear strength. To address these challenges, various ground improvement
techniques are employed, with Gravel Compaction Pile (GCP) emerging as a soft ground

improvement method.

GCP aims to increase load-bearing capacity, accelerate consolidation, and reduce settlement
by densifying subsoil. While successfully applied in the Outer Circular Highway and
Colombo-Kattunayake Expressway projects in Sri Lanka for soft soil improvement (5-10m
thickness), the GCP technique failed in Section 1 of the Southern Expressway Extension

Project (Matara to Beliatta), where the soft soil layer varied from 6-18m in thickness.

This research study aims to identify the causes of GCP failure in the trial embankment section.
The study includes an analysis of geotechnical parameters in subsurface soil and an
assessment of slope stability during construction using Matsuo and Kawamura's method based
on field monitoring data. Additionally, the stability of the embankment is numerically
analyzed using GEOSLOPE SLOPE/W software.

The study highlights improper site investigation, inadequate field monitoring, and insufficient
precautions for the high-thickness soft soil layer as the main causes of failure. To prevent
similar failures in the future, the research discusses possible stabilizing techniques and

recommendations based on its findings.

Keywords: Gravel Compaction Pile, Slope stability, Soft soil layer thickness,
Stabilizing techniques, Peaty soil



TABLE OF CONTENTS

DECLARATION.. ..o e i
ABSTRACT ..o i
ACKNOWLEDGEMENT ... iii
TABLE OF CONTENT ...ttt v
LIST OF FIGURES. ... A%
LIST OF TABLES. . ..ot vi
LIST OF ABBREVIATIONS. ..ot vii
1. INTRODUCTION TO RESEARCH......ccccoiiiiiiiiiieseee e 1
1.1 BaCKGIOUNd.......cueiiiiiiiiiieieee e 1
1.2 Problem Statement.........cccooiiiiiiiiieiiee e 3
1.3 AIm and OBJECHIVES .....eecviiiiiiiiiiiie i 4
L3301 AN i 4
1.3.2  ODBJECLIVES c.veeuvieiiiiiieieeiesiee ittt 4

1.4 Significance of the Research Study ..........cccoooviiiiiiii 4

2. LITERATURE REVIEW ....c.coiiiiiiiiiiiiic e 5
2.1  Problematic nature of the Peaty sOil.........cccocoeviiiiiiiiiiii 5
2.1.1  Origin of Peaty SO1l......coooiiiiiiiiic e 5
2.1.2  Classification of Peaty SO1l.......c.ccccorriiniiiiiiiee e 5
2.1.3  Characteristics of Peaty 01l ........ccccvvciiiiiiiiiiiiii 7
2.1.4  Problematic Nature of Peaty SOil........ccccoeiiiiiiiiiiiiiiiic 8

2.2 Improvement of soft s0il cONAItioNS .........cceerviiiiiiiiiiicie e 9
2.3 Gravel Compaction Pile (GCP) .......ccooiviiiiiiieiie e 11
2.4  Previous studies related to GCP / SCP for soft clay Soil Improvement .....13
2.5  Field monitoring and assessment of Ground Improvement........................ 14

Vi



2.6 ReSEAICh GAP ....vveiiiiiiiiiii ittt 15

3. METHODOLOGY oottt 17
3.1 INETOAUCHION . ..eetiiiiie ittt ettt ettt sae e neesnee s 17
3.2 Data COIECHION ..ottt be e 17

3.2.1  Southern Expressway Extension Project...........ccccovvvvriiiveiiiinniinnennnn. 17
3.2.2  SE Extension Project of Section 1 (Matara - Beliatta).............c......... 19
3.2.3  Gravel Compaction Pile (GCP) Trial Embankment.............c..ceenuee.e. 20

3.3  Development of Subsurface soil profile at the GCP trial Embankment

N TTe1 5 o) o TP P PP PRI 20
3.3.1  Plaxis 3D SOftWAre.......ccceeiiiiiieieeeee e 22
3.4  Obtain Geotechnical design parameters for GCP trial section ................... 22
3.4.1  Consolidation TESt .......c.civerirriiiieiieie e 23
3.4.2  Consolidated Undrained (CU) Triaxial Test.........cccccvvvviriveriniiinnennenn. 23
3.43  The Vane Shear TeSt .......cccocieiieiiieiie e 24
344  Permeability TeSt......ccccooiiiiiiiiiiiciic 25
3.4.5 MoOISture CONtENt.......eevireiiriiiieieeeee e 26
3.4.6  Atterberg Limit TeSt ......ccooviviiiiiiiiiee e 26
3.5  Variation of Slope Stability of Embankment............c.cccoviiiiiiiiiiinnn, 27
3.5.1  Matsuo and Kawamura method............cccoooeriiiiiiininiiiiiccee 28
3.5.2  Surface Settlement MONItOrING.........ccoviviiiieiriiiieii e 29
3.5.3  Multiple settlement Gauge Monitoring ...........cccocevevvrrverieenieeninennneen 31
3.54  Inclinometer MONItOTING .......cccvvveiviiiiiiiiiieiisee e 33
3.5.5  Surface Stake MONItOTING......ccviiiiiiiiiiieiieie e 35
3.5.6  Piezometer MONITOTING ....coovvireeririeieesiee e 36
3.5.7  Observation Well MONItoring ..........ccevvvvereerriinienieesee e 36

vii



3.5.8  Geoslope SLOPE/W SOftware.........ccccovveiiiiiiiiiieiiiie e 36

3.6  Possible Techniques to stabilize the GCP Improved Ground ..................... 39
3.6.1 Apply stabilizing Berm .........cccoviiiiiiiiiiiiie e 39
3.6.2 Install precast concrete Piles.........coovevveiiiiiiieiiniiec e 39

3.7 PLAXIS 2D SOftWAIE .....cceiiviiviiiiiiiicicie e 40
3.7.1 INPUL PRASE ..vvviiiiiieiiiic et 40

4. RESULTS AND DISCUSSIONS ......ooiiiiiiiieiiiieie e 45

1.1  Development of 2D and 3D subsurface soil profile .............cccovvriiriennnn. 45

1.2 Geotechnical Design Parameters ..........ccoovvvveiiiiiiiiniiniiesecee 49
1.2.1  PhySical PrOPEIties. .....ccivieriiiriieriieiieesiie et e e 49
1.2.2  Engineering PrOPerties .........ccocuviviiieiiiiiiiienieceseese e 50

1.3 Quality of GCP Material.........cccooveiiiiiiiiiiic e 60

1.4  Study the variation of Slope Stability of Embankment during the

[o70) 1T 8 Lot 1) 1 o1y 0 Lo T AR 64
1.4.1  Matsuo & Kawamura Method Analysis .........ccccovveiiiiiiiiniiiiiiennne, 64
4.42  SLOPE /W ANALYSIS ..ooeiiiiiieiiiiie i 72

4.5  Identify the possible Techniques to stabilize the GCP Improved Ground..79

4.6 Plaxis 2D ANALYSIS ...c.oocuiiieiiiiieiiei e 81
4.6.1  The comparison of Settlement............ccoccoovviriiiiiiiiiii, 81
4.6.2  The Comparison of Lateral Displacement...............cocevvvvriiiiiiinnnnns 82
4.6.3  Comparison of Excess Pore Pressure Variation..........c..cccoevveeiiiveennnne. 83

5. CONCLUSIONS ..ottt 84

5.1 The Conclusions and Recommendations. ............cccoverveeeiiriiiiesicniee e 84

5.2 LAMIEALIONS 1ttt eitieettie ettt ettt ettt e et e et e e bt e e ntb e e tn e e e ne e e ennns 86

5.3 FUture DIT€CHIONS ...eiiiiiiiiiieiiiie ittt 86

viil



REFERENCES ...t 87

APPENDIX - A Subsurface soil Profile data ...........ccccooooiiiiiiiiii e 89
APPENDIX — B Natural moisture content data analysis ..........c.cccccvveviiveiininnnnnn 92
APPENDIX — C Atterberg Limit test data analysis..........ccooovrvviiiiiiiiiiiciinienns 94
APPENDIX — D Consolidated Undrained (Cu) Triaxial test data analysis......... 100
APPENDIX — E Consolidation Test data analysis ..........ccccevvveiiiiiiniiiiiniiiieiinnens 105

1X



LIST OF TABLES

Table 2.1: The Classification based on organic content ranges.........ccccooevverrveesivneenne 5
Table 2.2: Classification of Peat based on fiber content -ASTM D 4427-13.............. 6
Table 2.3: Classification of peat-based on Ash content [Source - ASTM D 4427-13]6
Table 2.4: Classification of peat-based on pH [Source - ASTM D 4427-13].............. 6

Table 2.5: Physical and chemical characteristics of peaty soil in different regions of

the WOTLA ... eeei e e e rre e 7
Table 2.6: The gradation of the material used for the GCP ...........cccoovviviiiiiiiiinnnnns 13

Table 2.7: Summary of OCH-NS1 Peaty soil characteristics before and after the Soft

Ground Improvement (Karunawardena and Akira, 2017).......ccccvviveniiniieenieniiennns 14
Table 3.1: Construction details at Section 1 of SEEP...........ccccooviiiniiiiiiiiii 19
Table 3.2: Geotechnical Design Parameters...........ccoovverieiiieeiicnineesecese e 22
Table 3.3: Undisturbed Samples at relevant depths..........cccocceeiiiiiiniiiiis 23
Table 3.4: Settlement plate records at Ch.7+455 .......cooiiiiiiiiie e 30
Table 3.5: Inclinometer records at Ch. 74455 ..o 33
Table 3.6 Soil parameters used in parameter conversion method........................ 43
Table 3.7 Calculation stage of model................c.ooiiii i 44
Table 4.1: Comparison of Borehole data with GCP data..........cc.ccocviiiiiiiiinnne, 46
Table 4.2: The summary of Basic Geotechnical Design Parameters...............ccc...... 49
Table 4.3: Shear strength parameters of soft SO1l.........ccoccueeriiiiiiiii 51

Table 4.4: Consolidation Test Results of Sample 2 (depth 9.5 -10.0 m) from BH-21

Table 4.5: Consolidation Test Results of Sample 1 (depth 3.5 -4.0 m) from BH-22 53

Table 4.6: Compressibility characteristics of very soft peaty clay ..........cccocevvivennnnns 56



Table 4.7: Variation of Secondary Compression Index (€ «) and Modified Secondary

Compression Index (C o ") under different stress levels.........ccoooveviiviiiriceieniennanen, 58
Table 4.8: The SPT-N values with the depth at Gravel Compaction Pile.................. 62
Table 4.9: Material Characteristics - SLOPE/W analysis........cccccccvvviiiiiiiniiiieniinnns 74
Table 4.10: The Summary of FOS at RHS of Ch 7+ 455 ... 78
Table A.1: Locations and Elevations of Boreholes............cccoociviviiiiiiiiiciicen 89
Table A.2: Borehole stratigraphy of BH 21 at CH 7+405 .......cooooviiiiiiiiiieieesieens 89
Table A.3: Borehole stratigraphy of BH 22 at CH 74500 .........cccooiviiiiiiiiiiiicnen 89
Table A.4: Borehole stratigraphy of BH 04 at CH 7+452 (LHS) ....coooiiiiiiiiiiiieiens 89
Table A.5: Borehole stratigraphy of BH 05 at CH 7+452 (Center)........cccoooveviueennnens 90
Table A.6: Borehole stratigraphy of BH 06 at CH 7+452 (RHS).......cccocoiiiiiiiennens 90
Table A.7: GCP Installation Data at LHS of the embankment.............c.ccccooerieennn. 91
Table A.8: GCP Installation Data at Center of the embankment.................cccocvennne. 91
Table A.9: GCP Installation Data at RHS of the embankment................ccocervennnn. 91
Table B.1: Natural Moisture Content Test Result for Sample 01 at BH 21............... 92
Table B.2: Natural Moisture Content Test Result for Sample 02 at BH 21............... 92
Table B.3: Natural Moisture Content Test Result for Sample 01 at BH 22............... 93
Table C.1: Liquid Limit Test Results for Sample 01 at BH 21.........cccoooviiiiiiennns 94
Table C.2: Liquid Limit Test Results for Sample 02 at BH 21.........cccoooiiiiiiiiennns 95
Table C.3: Liquid Limit Test Results for Sample 01 at BH 22.........c.cccooiiiiiiinnn. 96
Table C.4: Plastic Limit Test Results for Sample 01 at BH 21.........cccoovviiiiiiinnn 97
Table C.5: Plastic Limit Test Results for Sample 02 at BH 21.........cccooiviiiiiienns 97
Table C.6: Plastic Limit Test Results for Sample 01 at BH 22...........ccoooviiiviienns 98
Table C. 7: PI and LI for sample 01 from BH 21 ... 98
Table C.8: PI and LI for sample 02 from BH 21 ........cccooiiiiiiiiii 99

X1



Table C.9: PI and LI for sample 01 from BH 22 .......ccccooiiiiiiiiiiie e 99
Table E.1: Consolidation test specimen details .........ccccovvveiiieeiiiieiiiicsce e, 105
Table E.2: Consolidation test data of sample 02 from BH 21 ..., 105

Table E.3: Consolidation test results using square root time method analysis for

sample 02 from BH 21 .....oooiiiiii e 109
Table E.4: Consolidation test data of sample 02 from BH 21 ..........ccoevviiviiinnnnnn. 110

Table E.5: Consolidation test results using log time method analysis for sample 01

TTOM BH 21 ..t 114
Table E.6: Consolidation test data of sample 01 from BH 22 ..........ccccovvviviiinnnnnn. 115

Table E.7: Consolidation test results using square root time method analysis for

sample 01 from BH 22 ... 118
Table E.8: Consolidation test data of sample 01 from BH 22 ..., 119

Table E.9: Consolidation test results using log time method analysis for sample 01

500 ) 00 51 5 152 123

Xii



LIST OF FIGURES
Figure 1.1: Extension of Southern Expressway from Matara to Beliatta.................... 1
Figure 1.2: The cross section of the GCP improved ground .............ccocovvvviiveiinnnnnnn, 3

Figure 2.1: Secondary compression index [Ca] versus Compression index [Cc] for

Middleton and James Bay peat (Mesri et al., 2007) ......cccoovviiieiiiiiiieiinieseeeseees 8
Figure 2.2: Preloading without and with vertical drains respectively ...........cccevvuneenn 10
Figure 2.3: Stone Column Method ..........ccccoiiiiiiiiiiiii e 10
Figure 2.4: Steps in Heavy tamping ground improvement.............ccocvreereriveneennenn. 11
Figure 2.5: Sand / Gravel compaction pile installation methods...........c.cccecvrvennnn. 11
Figure 2.6: Applications of the GCP method (Masaki K., 2005) ........ccccoovvrvirrnnnnne. 12
Figure 2.7: GCP Installation Procedure............cccoouviiiiiiiiniiiiiiie, 12

Figure 2.8: Determination of degree of consolidation using Asaoka’s method in

section 19 of OCH-NS1 (Karunawardena and Akira, 2017) ....cccccceveiiiiiinniiennnnnne 13

Figure 2.9: Embankment failure contour lines proposed by Matsuo and Kawamura

(1977 ) e 15
Figure 3.1: Flow chart of methodology ...........coooiiiiieiiiec e 17
Figure 3.2: Proposed Expressway Network in Sri Lanka [Source — RDA] .............. 18
Figure 3.3: Southern Expressway Extension (RDA) [Source — RDA] ......cccoevuenee. 19
Figure 3.4: Cross section of GCP Trial Embankment ............cccooeiiiiiiiiiiinnn, 20
Figure 3.5: Borehole locations within the GCP trial section...........cccocovevvviivcinnnnne. 21
Figure 3.6: Typical GCP installed Cross Section at Ch. 7+460...........ccccccevvvirnnnnne. 21
Figure 3.7: Vane Shear Test Apparatus [Source - Braja M. Das, 2019] .................... 24
Figure 3.8: Schematic representation of Falling Head Permeability Method ........... 25
Figure 3.9: Instrumentations in the GCP trial SEction ............cccoovveriiiiieniiniecneene 27
Figure 3.10: Embankment Failure Contour Lines...........c.cocooiviiiiiiiiicniiecnee 28

xiil



Figure 3.11: Variation of embankment elevation and corresponding settlement with

Figure 3.12: The settlement and changing embankment elevation over time at ....... 31

Figure 3.13: The variation of the elevation of embankment and settlement over time

at RHS of Ch.7+420 measured using multiple settlement gauge............ccceevvveriinenns 32

Figure 3.14: The variation of the elevation of embankment and settlement over time

at LHS of Ch.7+430 measured using multiple settlement gauge .............ccocervenenne. 32

Figure 3.15: The lateral displacement variation over depth of the trial embankment at

CR 7455 (RHS) v eeeee e eese s es e s s ees e s e s 34

Figure 3.16: The lateral displacement variation over depth of the trial embankment at

CR.7H455 (LHS) v seeeees e seeeees e eeeeese s s eese s eeeeesee e see e 34

Figure 3.17: The lateral displacement with time at the ground surface for the trial

embankment at Ch.74+455 (RHS) ...oooiiiiiie e 35

Figure 3.18: The lateral displacement with time at the ground surface for the trial

embankment at Ch.7+455 (LHS) ...ocoviiiiiiie e 35

Figure 3.19: Model of the improved subsurface soil profile with the embankment .37

Figure 3.20: Input the material parameters...........ccoovvveviiiiiiiiiiici e 37
Figure 3.21: Reinforcement load characteristics .........cccovvvviiiviiiiiiiiciiciecee, 38
Figure 3.22: Entry and EXit Tange ..........coovveiiiiiiiiiier e 38
Figure 3.23: Factor of Safety and failure surface............cccccvviiiiiniiii, 38
Figure 3.24: Model of the embankment with Berm ...........cccocoovviiiiiiiiiiiiii, 39
Figure 3.25: Model of the embankment with the precast concrete pile .................... 39
Figure 3.26: Methodology for model development.....................oooiiiiiiii 40
Figure 3.27: Merging of two-unit cells in parameter conversion method............... 41
Figure 3.28: The Geometry of model —RHS...............oo . 42
Figure 3.29: The Generated Mesh —RHS.............o.o 42

Xiv



Figure 3.30: The stage construction of the embankment................................. 44
Figure 4.1: Borehole stratigraphy developed using Plaxis 3D software ................... 45

Figure 4.2: Subsurface soil profile modeled with GCP data using Plaxis 3D software

Figure 4.3: Variation of soft soil layer thickness ...........cccccvvviiiiiiiiie s 48

Figure 4.4: The typical behaviour of Deviator stress and Axial displacement of very

SOTt PRALY ClaY ...oveiiiiiiiie s 50
Figure 4.5: The variation of Excess Pore Water Pressure over Axial displacement..50

Figure 4.6: Variation of settlement over time under log (time) method  (BH-21,

9.5 -10 m depth) 51

Figure 4.7: Variation of settlement over time under Square-root (time) method

(BH-21, 9.5 -10.0 m depth) 52
Figure 4.8: Variation of Coefficient of volume compressibility with stress.............. 54
Figure 4.9: Variation of coefficient of consolidation with effective vertical stress...55
Figure 4.10: Variation of voids ratio with effective vertical stress............ccocvvvennenn. 56

Figure 4. 11: The variation of Modified Secondary Compression Index (C o ") with

VETEICAL STTESS ..veivveiieiieiiei ettt n e 59
Figure 4.12: Vane shear test 1eSults .........cccoviiiiiiiiiiii 59
Figure 4.13: DCPT blow count over depth at GCP location .............cccoeveviiiiiieennnn, 60
Figure 4.14: The variation of SPT — N values at GCP locations............c.ccceeevervnnne. 61
Figure 4.15: Enlarge view of variation of SPT — N values over depth..................... 61
Figure 4.16: Variation of friction angle with depth at GCP............cccccoeviiiiiiiinnnnn, 63

Figure 4.17: The variation of the lateral displacement over depth for the trial

embankment at Ch.7 + 455 (RHS) ..o 65

Figure 4.18: The variation of the rate of lateral displacement over time for the trial

embankment at Ch.7 + 455 (RHS) .....oooiiii e 67

XV



Figure 4.19: Variation of lateral displacement over depth for embankment at ......... 68

Figure 4.20: The variation of rate of settlement over time for the trial embankment at

O 7 A et 69
Figure 4.21: The variation of Excess PWP with time at the depth of 3.75 m in ....... 70

Figure 4.22: Variation of Excess PWP with time at the depth of 8.45 m in Ch 7+435

Figure 4.23: The variation of Factor of Safety of the embankment using Matsuo &
Kawamura Method at Ch. 7 + 455 (RHS) ..o 71

Figure 4.24: The variation of Factor of Safety of the embankment using Matsuo &

Kawamura Method at Ch. 7 + 455 (LHS) ....oooiiiiiiieeee e 72
Figure 4.25: Variation of FOS when the embankment height is 2.5 m ..................... 74
Figure 4.26: Variation of FOS when the embankment height is 3.0 m ..................... 75
Figure 4.27: Variation of FOS when the embankment height is 3.5 m ..................... 75
Figure 4.28: Variation of FOS when the embankment height is 4.0 m ..................... 76
Figure 4.29: Variation of FOS when the embankment height is 4.5 m ..................... 76
Figure 4.30: Variation of FOS when the embankment heightis 5.0 m .................... 77
Figure 4.31: Variation of FOS when the embankment heightis 5.5 m .................... 77
Figure 4.32: Variation of FOS when the embankment heightis 6.0 m .................... 78

Figure 4.33: Variation of FOS when the embankment height of 6.0 m laterally
SUPPOTLEA DY DI ...t 79

Figure 4.34: The variation of FOS when the embankment height- 7.00 m laterally
SUPPOTLEA DY DETIIL ...t 79

Figure 4.35: Slope stability analysis with the installation of precast concrete piles at

toe of the embankment ..o 80
Figure 4.36: The settlement contours at after Phase O1....................ooiiiin. 81
Figure 4.37: The settlement contours at after Phase 02.................c.cooooiiiin. 81

Xvi



Figure 4.38: The lateral displacement after Phase O1...........................ooll. 82

Figure 4.39: The lateral displacement after Phase 02...................coooiiiiin oo, 82
Figure 4.40: The Excess PWP after Phase O1............cooiiiiiiiiiiiiiiiine, 83
Figure 4.41: The Excess PWP after Phase 02............ccoviiiiiiiiiiiiiiiiiien, 83
Figure 5.1: Encasing the GCP with high-strength geotextile ...........ccocvvviiiiiiiiiiinnnns 85
Figure 5.2: Failure of GCP column in the RHS of the embankment......................... 85
Figure C.1: Liquid limit curve for sample 01 obtained from BH 21......................... 94
Figure C.2: Liquid limit curve for sample 02 obtained from BH 21......................... 95
Figure C.3: Liquid limit curve for sample 01 obtained from BH 22........................ 96

Figure D.1: Mohr-Coulomb failure envelope under total stress condition for sample

071 OF BH 21 @t ClU St - eeeeeeeeeiee ettt et et e e e e e e e e e e e e e e e e ee e e 100

Figure D.2: Mohr-Coulomb failure envelope under effective stress condition for

sample 01 of BH 21 @t CU teSt......cccveiiiiiiiiieeiee e 101

Figure D.3: Mohr-Coulomb failure envelope under total stress condition for sample

02 OF BH 21 @t ClU St - eeeeeeeeeiee ettt e e et e e e e e e e e e e e e e e e e eeeaees 102

Figure D. 4: Mohr-Coulomb failure envelope under effective stress condition for

sample 02 of BH 21 at CU teSt.......cccvviiiiiiiiiiiieii e 102

Figure D. 5: Mohr-Coulomb failure envelope under total stress condition for sample

071 OF BH 22 @t ClU St - eeeeei ettt e e e e e e e e e e e e e e 103

Figure D. 6: Mohr-Coulomb failure envelope under effective stress condition for

sample 01 of BH 22 at CU test.......cccoviiiiiiiiiiiicii e 104

Figure E.1: Square root of time method consolidation curve for load increment 01

Xvil



Figure E.4: Square root of time method consolidation curve for load increment 04

................................................................................................................................. 108
Figure E.7: Log time method consolidation curve for load increment O1............... 111
Figure E.8: Log time method consolidation curve for load increment 02............... 111
Figure E.9: Log time method consolidation curve for load increment 03............... 112
Figure E.10: Log time method consolidation curve for load increment 04............. 112
Figure E.11: Log time method consolidation curve for load increment 05............. 113
Figure E.12: Log time method consolidation curve for load increment 06............. 113

Figure E.13: Square root time method consolidation curve for load increment 01 116
Figure E.14: Square root time method consolidation curve for load increment 02 116
Figure E.15: Square root time method consolidation curve for load increment 03 116
Figure E.16: Square root time method consolidation curve for load increment 04 117
Figure E.17: Square root time method consolidation curve for load increment 05 117

Figure E. 18: Square root time method consolidation curve for load increment 06117

Figure E.19: Log time method consolidation curve for load increment O1............. 120
Figure E.20: Log time method consolidation curve for load increment 02............. 120
Figure E.21: Log time method consolidation curve for load increment 03............. 121
Figure E.22: Log time method consolidation curve for load increment 04............. 121
Figure E.23: Log time method consolidation curve for load increment 05............. 122
Figure E.24: Log time method consolidation curve for load increment 06............. 122

XViii



LIST OF ABBREVIATIONS

ABC

ASTM

CPTu

FOS

GCP

LHS

OCH

OCH-NS1

OCR

PVD

PWP

RDA

RHS

RL

SCP

SEEP

SGT

SPT

Aggregate Base Course

American Standard Testing Material

Cone Penetration Test with pore pressure measurement
Factor of Safety

Gravel Compaction Pile

Left Hand Side

Outer Circular Highway

Outer Circular Highway Northern Section-1
Over Consolidation Ratio

Prefabricated Vertical Drain

Pore Water Pressure

Road Development Authority

Right Hand Side

Reduced Level

Sand Compaction Pile

Southern Expressway Extension Project
Soft Ground Treatment

Standard Penetration Test

Xix



