CONTENTS

Preface . . . . . . . vii
List of Tables. . . . . . .. .. ... XV
List of Figures . . . . . . . . . . .. .. .. ... ... ... xix
List of Symbols . . . . .. ... oo xxxiii
Acknowledgements . . . . . .. ... XXXIX
About the Author . . . . . . . . . ... xli

1. Introduction

1
1.1 Deformation of Soils and Their Compressibility . . . . . 1
1.2 Related Previous Research . . . . . . ... ... ... .. 2
1.3 Outline of the Book . . . . . ... ... ... ... .... 4

2. Sedimentation and Consolidation 6
2.1 Sedimentation . . . . ... ... ... L. 6
2.2 Sedimentation to Consolidation . . . . .. ... .. ... 11
2.3 Self-Weight Consolidation . . .. .. ... ... .. ... 14
2.4  Theory of Self-Weight Consolidation . . . .. ... ... 15
2.5 Large Strain Consolidation . . . . . . ... .. ... ... 20
2.6 Compression and Consolidation of Ultra-Soft Soil under
Additional Load . . . . . . .. .. ... L. 20
2.7 Prediction of Magnitude and Rate of Settlement in Large
Strain Consolidation . . . . . .. ... . ... ... ... 20
2.7.1 Magnitude of Settlement . . . . . . .. ... ... 20
2.7.2  Time Rate of Settlement . . . . . ... ... ... 22
3. Models and Analogy 24
3.1 Viscoplastic Model for Ultra-Soft Soil . . . . . ... ... 24
ix

COMPRESSIBILITY OF ULTRA-SOFT SOIL
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.co: i ing/6612.html




X Contents

3.2 Modified Spring Analogy for Ultra-Soft Slurry-Like Soil .
3.3 Magnitude and Rate of Compression . . . ... .. ...
3.3.1 Magnitude of Compression . . . . . ... ... ..
3.3.2 Combined Basic Equation for Viscous Stage
and Soil Stage . . . . .. ...
3.3.3 Time Rate of Compression . . . . ... ... ...
3.34 SlurrytoSoil . . . ... oo
3.3.5 Coordinate System and Governing Equation . . .
3.3.5.1 Coordinate System . . . ... ... ...
3.3.5.2 Governing Equation . . ... ... ...
3.3.6  Numerical Approach . . . ... ... ... ....

4. Characterization of Physical Properties and Mineralogy
of the Soil

4.1 Introduction . . . .. ... ... L Lo
4.2 Physical Properties . . . . .. ... ... 0L
4.3 Mineralogy of Clay . . . ... ... ... .. .... ...
4.4 Chemistry of Pore Water . . . . . ... ... ... ....
4.5 Preparation of Ultra-Soft Sample . . . . ... ... ...

5. Compression Tests with Large Scale Consolidometer

5.1 Method of Testing . . . . . . .. .. ... ... . .....
5.2 Description of Apparatus and Sample Preparation . . . .
5.3 Two-Step High Pressure Loading Tests . . . . . . .. ..
5.3.1 Deformation Behavior During First Step Loading
5.3.2 Pore Pressure and Settlement . . . . .. ... ..
5.3.3 Comparison of Degree of Consolidation . . . . . .
5.3.4  Deformation Behavior During Second Step Loading
5.3.5 Post-Mortem Investigation on the Compressed
Sample . . . . ... o
5.3.5.1 Moisture Content and Bulk Density
5.3.5.2 Preconsolidation Pressure . . . . . . ..
5.3.5.3 Undrained Shear Strength . . . . . . ..
5.4 Incremental Step Loading Test . . . . . . ... ... ...
5.4.1 First Step Loading . . . . . .. .. ... ... ..
5.4.2 Second Stage Loading . . ... ... ... ....
5.4.3 Third Step Loading . . . . . ... .. ... .. ..
5.4.4 Post-Mortem Investigation on Compressed Sample
5.5 SUMIATY . . . v v v v e e
COMPRESSIBILITY OF ULTRA-SOFT SOIL

© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.co: i ing/6612.html

25
26
26

27
29
30
30
30
31
32

34

34
35
36
38
39

43

43
44
46
46
47
93
54

95
61
62
62
63
64
69
74
78
82



Contents xi

6. Compression Test on Slurry with Small-Scale Consolidometer 84
6.1 Description of the Apparatus. . . . . .. ... ... ... 84

6.2 Method of Testing . . . . . . . ... ... ... ... ... 85

6.3 Discussion on Test Results . . . . .. ... .. ... ... 85
6.3.1 Settlement Response . . . ... ... ....... 85

6.3.1.1 Effect of Initial Moisture Content . . . . 85

6.3.1.2 Effect of Magnitude of Applied Pressure 100

6.3.2 Pore Pressure Response . . . ... .. .. .... 106

6.3.2.1 Effect of Initial Moisture Content . . . . 107

6.3.2.2 Effect of Magnitude of Applied Pressure 109
6.3.3 Comparison of Pore Pressure from Transducers

Located at Various Locations . . . . ... .. .. 113
6.4 Compressibility and Consolidation Parameters in the Soil
Stage . . ... 113
6.5 Discussion on Void Ratio at Transition Point . . . . . . . 123
6.6  Verification of Non-Homogeneity During Slurry
Compression . . . . . . . ... o 125
6.7 Laboratory Tests on Compressed Samples . . . . . . .. 126
6.8 Summary . . . . ... 126

7. Compression Tests on Ultra-Soft Soil with Hydraulic

Consolidation Cell 129
7.1  One-Step High Pressure Loading Tests with Hydraulic
Consolidation Cell . . . . . . ... ... ... ... ... 129
7.1.1 Description of the Apparatus . . . .. ... ... 129
7.1.2  Sample Preparation and Method of Testing . . . 130
7.1.3 Discussion of Results . . . . ... ... ... ... 130
7.1.3.1 Pore Pressure Response . . . ... ... 130
7.1.3.2 Settlement Response . . . .. ... ... 136
7.1.3.3 Rate of Settlement and Hydraulic
Conductivity . . .. ... .. ... ... 136
7.1.4 Relationship Between Void Ratio and Applied
Additional Load . . . . . . .. ... ... 142
7.1.4.1 Effective Stress Gain and Compression
Index (C}) in Viscous Stage . . . . .. 144
7.1.4.2 Transition Void Ratio . . .. ... ... 150
7.2 Step Loading Compression Tests on Ultra-Soft Soil
with Hydraulic Consolidation Cell . . . . . . . .. . ... 151

COMPRESSIBILITY OF ULTRA-SOFT SOIL
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.co: i ing/6612.html




xii

7.2.1
7.2.2

7.2.3

7.2.4

7.2.5

Contents

Method of Tests . . . . . . . ... ... ... ...
Discussion of Results . . . . ... ... ... ...
7.2.2.1 Settlement Characteristics . . . . . . . .
7.2.2.2 Pore Pressure Characteristics . . . . . .
Correlation of Compression Index with Physical
Parameters. . . . . . ... o oL
Validation of Basic Equation for Magnitude

of Settlement . . . . ... ... .. ........
Coeflicient of Consolidation for Large Strain . . .

7.3 SUMMATY . .« o o v v e e

8. Continuous Loading Tests on Ultra-Soft Soil

8.1

8.2

Constant Rate of Loading Test on Ultra-soft Soil

8.1.1
8.1.2

Apparatus Used . . . . . . ... ... ...
Discussion of the Results . . . . . ... ... ...
8.1.2.1 Settlement and Pore Pressure Behavior
8.1.2.2 Effective Stress Gain at the Base and
Average Effective Stress . . . . . . . ..
8.1.2.3 Void Ratio Change versus Average
Effective Stress Gain . . . . . . ... ..
8.1.2.4 Compression Indices . . .. .. ... ..
8.1.2.5  Variation of e-log ¢’ Curve with o Values
8.1.2.6 Hydraulic Conductivity and Large Strain
Coefficient of Consolidation . . . . . . .

Constant Rate of Strain Test on Ultra-Soft Soil . . . . .

8.2.1
8.2.2
8.2.3
8.2.4

The Apparatus . . . . . ... .. ... ... ...
Sample Preparation and Test Method . . . . . . .
Selection of Strain Rate . . . .. ... ... ...
Discussion on the Test Results . . . . .. ... ..
8.2.4.1 Behavior of Pore Pressure and Applied
Load . . . . . . . ... ... ... ...
8.2.4.2 Excess Pore Pressure Ratio . . . . . ..
8.2.4.3 Effective Stress Gain . . . . ... .. ..
8.2.4.4 Compression Indices . . . . .. ... ..
8.2.4.5 Coeflicient of Consolidation and
Hydraulic Conductivity . . .. ... ..

8.3 Summary . . . . . ...

COMPRESSIBILITY OF ULTRA-SOFT SOIL

© World Scientific Publishing Co. Pte. Ltd.
ing/6612.html

http://www.worldscibooks.co

151
152
152
155

156

164
169
176

178

178
178
180
180

183

188
188
192

192
195
196
196
197
198

198
200
202
203

203
206



Contents xiii

9. Verification of Proposed Formulae and Models with

Laboratory Measurements 208
9.1 Prediction of Magnitude and Time Rate of Settlement . 209
9.1.1 Magnitude of Settlement . . . . . . .. ... ... 209
9.1.1.1 Gibson et al. (1981) . . ... ... ... 209
9.1.2 Time Rate of Settlement . . . . . . .. ... ... 212
9.1.2.1 Gibson et al. (1981) . .. .. ... ... 212
9.1.2.2 Cargill (1982) . . . .. . ... ... ... 215
9.1.2.3 Lee and Sills (1981) . .. ... ... .. 216
9.1.2.4 Proposedmodel . . . . .. .. ... ... 222
9.2 Comparison of Various Large Strain Existing Models
with Proposed Time Factor Curve . . . . . . . ... ... 227
9.3 Summary . . . . ... 235
10. Case Study 237
10.1 Description of the Silt Pond . . . . . .. ... ... ... 237
10.1.1 Soil Condition in the Silt Pond . . . . .. .. .. 238
10.1.2 Characterization of the Silt Pond Slurry Prior to
Reclamation . . . . ... ... o0 238
10.2 Reclamation of the Silt Pond . . . . . . . ... ... ... 242
10.2.1 First Phase Sand Spreading . . . . .. ... ... 242
10.2.2 Site Investigation During and After First Phase
of Sand Spreading . . . . . .. ... ... 243
10.2.3 Failure During Sand Spreading . . . . . . .. .. 247
10.2.4 Remedial Measures . . . . .. .. ... ... ... 247
10.2.5 Second Phase of Sand Spreading . . . . . . . . .. 248
10.2.6 Intermediate Mini-Cone Penetration Tests . . . . 249
10.2.7 Characterization of Soil after Sand Spreading . . 250
10.2.8 Lowering of Ground Water Level . . . . . . . .. 252
10.2.9 Installation of Vertical Drains and Surcharges . . 253
10.3 Pilot Embankment and Other Test Areas . . . . . . . .. 253
10.4 Deformation Behavior of the Silt Pond Slurry . . . . .. 254
10.5 Interim Verification of Improvement of Slurry . . . . . . 258
10.5.1 Verification from Analysis of Settlement Data . . 258
10.5.2 Verification from Analysis of Piezometer
Monitoring Data . . . . . .. ... L0 258
10.5.3 Verification Using In Situ Tests . . . . . . . . .. 259

COMPRESSIBILITY OF ULTRA-SOFT SOIL
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.co: i ing/6612.html




Xiv

10.6

10.7

10.8

10.9

Contents

Verification of the Proposed Large Strain

Deformation Model . . . . . ... ... ... ... ... .
10.6.1 Determination of Compression Indices . . . . . .
Verification Using Data from Area with the Largest
Deformation in the Main Works . . . . . . ... ... ..
Verification of Large Strain Deformation using Data
from No-Drain Area . . . . . . .. ... ... ... ....
Summary . . ...

11. Summary

11.1
11.2
11.3
11.4

Sedimentation and Consolidation . . . . .. .. ... ..
Experimental Studies . . . . .. ... ... ... .. ...
Validation of Proposed Finite Difference Model . . . . .
Case Study . . . . . . . ...

References

COMPRESSIBILITY OF ULTRA-SOFT SOIL
© World Scientific Publishing Co. Pte. Ltd.

http://www.worldscibooks.co

ing/6612.html

261
264

268

271
273

274

274
275
276
277

279



