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ABSTRACT

This thesis investigates the normalized undrained stress-strain-strength
behavior of resedimented Boston Blue Clay in the Geonor Direct Simple Shear (DSS)
apparatus.The experimental study included a number of Ko consolidated-undrained
shear tests on specimens of normally consolidated resedimented Boston Blue Clay III
(BBC) at different consolidation stress levels (a'v,) and also on specimens rebounded
to varying overconsolidation ratios (OCR's). Additionally, constant rate of strain
consolidation (CRSC) tests were conducted to obtain well defined compression curves
for comparison with the consolidation data from the CKoUDSS tests.

The evaluation of data from the consolidation phase of the CKoUDSS tests show
that the Geonor DSS gives consistent and good estimates of the 1-D consolidation
response of BBC, except for tests influenced by deformation of "bent" metal porous
stones. The DSS compression curves are in reasonable agreement with those obtained
from the end of primary incremental oedometer and CRSC tests conducted at strain
rates which result in normalized pore pressure (ub/av) values between 2 to 5%. The
virgin compression ratio for BBC is found to decrease with increasing stress levels. The
new BBC III gives a lower rate of secondary compression than BBC II and the ratio
CaE/CR falls somewhat below the range found for most inorganic soft clays.

The results from the CKoUDSS tests on normally consolidated BBC at a've
ranging from 1.44 to 12 ksc are generally consistent and demonstrate good normalized
behavior with respect to the undrained shear strength ratio (cu/a'vC). However, the
following trends were found with increasing o'vc : increase in strain at failure; decrease
in Au/a'vc versus shear strain; and a significant decrease in Young's modulus expressed
as Eu/cu or Eu/a'vc versus shear stress level or shear strain. The values of i/a'vc at
maximum obliquity appear reasonable in the light of 0'obtained from CKoU triaxial
tests, but show large scatter. All the specimens exhibit significant strain softening at
large shear strains, which is suspected to be partially due to "unloading" caused by
nonuniform stresses within the DSS device.

The undrained shearing of overconsolidated specimens produces negative pore
pressures which increase with increasing OCR and reach a minimum value near the
peak strength. They then become less negative, and even become positive for OCR's <
3.25. This pore pressure behavior is the principal reason for the large increase in
cu/a'vc with increase in OCR, which is also accompanied by an increasing strain at
failure. The effective stress path from normally consolidated sample forms an envelope
for the paths of the overconsolidated samples. All the paths from the overconsolidated
samples rise up to the normally consolidated stress path, reaching the envelope at the
peak shear resistance, and then follow the OCR = 1 curve while strain softening and
eventually reaching maximum obliquity. The normalized modulus Eu/cu versus ih/cu
decreases with increasing OCR, whereas Eu/a'vc versus shear strain shows the
opposite trend. The effect of changes in the maximum past pressure (a' v) on the
behavior of specimen with the same OCR showed the same effect as for normally
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consolidated specimens, e.g., lower normalized stiffness with increasing value of c'vm-
The overconsolidated specimens also exhibited significant strain softening, but
generally less pronounced than at OCR = 1, which was again partially due to the
device "unloading".

Thesis Co-Supervisor: Dr. John T. Germaine
Title: Lecturer in Civil Engineering

Thesis Co-Supervisor: Dr. Charles C. Ladd
Title: Professor of Civil Engineering



to
Musarrat

Aisha
Saad
and

Hammad



ACKNOWLEDGEMENTS

I am indebted to the Government of Pakistan for the generous financial support for my
studies at MIT.

I wish to express my sincere thanks and profound sense of gratitude to Lieutenant
General Syed Shujaat Hussain, H.I.(M), S.Bt., Engineer-in-Chief of the Pakistan
Army, for his deep interest in my studies. It was through his personal efforts that I got
the unique opportunity to study at MIT.

My sincere gratitude and heartfelt thanks to Professor Charles C. Ladd, my academic
advisor and co-thesis supervisor, for his genuine concern, advice and enthusiastic
encouragement through all the stages of my studies at MIT. During the thesis writing
phase, he provided invaluable guidance and constructive criticism. I am personally
indebted to him.

I am immensely grateful to Dr. John T. Germaine, my thesis co-supervisor, for
providing me constant guidance and motivation during the course of this research. He
also suggested me the topic upon which this thesis is based. It has been a great
learning experience to complete the experimental phase of this research under his close
supervision.

My thanks to all the friends and officemates I have had over the past years, who made
my life at MIT a little less trying and a little more enjoyable. I especially extend my
thanks to Tian Ho Seah for his eagerness to help, and also for providing soil samples
for this research.

I am grateful to my family, especially my parents, for their encouragement, prayers
and continuous guidance through all the stages of my life.

Finally, I greatly appreciate the patience and sacrifice of my wife and children
throughout the course of my studies at MIT. To them this work is dedicated.

All Thanks and Praise be to God



TABLE OF CONTENTS

Abstract 3

Acknowledgements 6

Table of Contents 7

List of Tables 1 0

List of Figures 12

List of Symbols 20

1. INTRODUCTION 24

2. BACKGROUND 26

2.1 Normalized Soil Parameter Concept 26
2.2 Review of Existing Simple Shear Devices (reproduced from 29

DeGroot, 1989; edited by Ladd, 1990)
2.3 State of Stresses in Direct Simple Shear Testing (abstracted from 30

DeGroot, 1989)
2.3.1 Uniformity of Stress and Strain 30
2.3.2 State of Stress at Failure 33

2.4 Summary and Conclusions 37

3. DESCRIPTION OF EQUIPMENT AND EXPERIMENTAL 56
PROCEDURES

3.1 Introduction 56
3.2 Description of Testing Apparatus 57
3.3 Experimental Procedures 61

4. TESTING MATERIAL AND LABORATORY TESTING PROGRAM 68

4.1 Preparation and Engineering Properties of Testing Material 68
4.1.1 Preparation of Resedimented Boston Blue Clay III. 68
4.1.2 Summary of Soil Properties 72

4.2 Laboratory Testing Program 74



8

5. CONSOLIDATION BEHAVIOR 90

5.1 Introduction 90
5.2 Presentation of Consolidation Results 91
5.3 Discussion on the Consolidation Behavior of BBC III 93

5.3.1 Preconsolidation Pressure 93
5.3.2 Compression Curves 93
5.3.3 Analysis of Discrepancy in DSS Compression Curves 95
5.3.4 Compression Ratio and Swelling Ratio 98
5.3.5 Rate of Secondary Compression 99

5.4 Summary and Conclusions 1 00

6. UNDRAINED SHEAR BEHAVIOR OF NORMALLY CONSOLIDATED 1 1 9
BOSTON BLUE CLAY

6.1 Introduction 119
6.2 Results of CKoUDSS Tests on Normally Consolidated BBC 1 20

6.2.1 Presentation of Results 1 20
6.2.2 Discussion of the Normally Consolidated CKoUDSS Results 1 21

6.3 Comparison of CKoUDSS Tests with Published Data 1 24
6.4 Effect of Consolidation Stress Level on Normalized Behavior 1 27

for DSS Tests on Normally Consolidated BBC
6.5 Summary and Conclusions 1 32

7. UNDRAINED SHEAR BEHAVIOR OF OVERCONSOLIDATED BBC 1 67

7.1 Introduction 167
7.2 Presentation and Discussion of Results from CKoUDSS Tests on 1 68

Overconsolidated Boston Blue
7.3 Comparison with the Previous Research 174
7.4 Summary and Conclusions 1 76

8. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 211

8.1 Background 211
8.2 Consolidation Behavior 21 3
8.3 Normally Consolidated Undrained Shear Behavior 21 4
8.4 Overconsolidated Undrained Shear Behavior 21 6
8.5 Recommendations 21 8

9. REFERENCES 220

Appendix A. Ko-CONSOLIDATION RESULTS FROM GEONOR DSS 227

Appendix B. UNDRAINED SHEAR RESULTS FROM GEONOR DSS 224



9

Appendix C. CONSOLIDATION AT CONSTANT RATE OF STRAIN 304

C.1 Introduction 305
C.2 CRSC Testing Procedures 306
C.3 Presentation and Discussion of Test Results 307

C.3.1 Preconsolidation Pressure 308
C.3.2 Compression Curves 31 3
C.3.3 Coefficient of Permeability 31 4

C.4 Conclusions 317



LIST OF TABLES

Table 2.1: State of Stress in Geonor CKoUDSS Tests on Normally 40
Consolidated BBC Using Different Assumptions (after Ladd and
Edgers, 1972; from DeGroot, 1990)

Table 4.1: Index Properties of Resedimented BBC III (from Seah, 1990) 77

Table 4.2: Results of Batch Consolidometer Tests for Resedimented 78
BBC III (from Seah, 1990)

Table 4.3: Results of Oedometer Tests on Samples from Batches of 79
BBC III (from Seah, 1990)

Tables 4.4: Unconsolidated-Undrained Triaxial Compression Tests on 81
Resedimented BBC III (from Seah, 1990)

Table 4.5: Index Properties of the Different Batches of Resedimented 82
BBC (after Fayad, 1986; from Seah, 1990)

Table 4.6: Comparison of Experimental Data Between the Resedimented 83
Boston Blue Clay and Natural Boston Blue Clay (from Seah, 1990)

Table 4.7: Loading Programs of Constant Rate of Strain Testing 84

Table 4.8: Overview of CKoUDSS Testing Program on Normally 85
Consolidated Samples of BBC III.

Table 4.9: Summary of CKoUDSS Tests Performed on Overconsolidated 86
Samples of BBC III

Table 5.1: Consolidation Results of Geonor DSS Tests on Batch 204 of 1 02
BBC III

Table 5.2: Consolidation Results of DSS Tests on Batch 205 of BBC III 1 03

Table 5.3: Consolidation Results of Geonor DSS Tests on Batch 207 of 1 04
BBC III

Table 5.4: Results of Consolidation Tests on Samples from Batches of 1 05
BBC III

Table 6.1: Summary of Geonor CKoUDSS Tests on Normally Consolidated 1 36
BBC III

Table 6.2: Results of Geonor CKoUDSS Tests on Different Series of 1 37
Normally Consolidated BBC

Table 6.3: Summary of Results from Geonor CKoUDSS Tests on Normally 1 39
Consolidated BBC

Table 6.4: Results from Geonor CKoUDSS Tests at Various Stress 1 40
Levels on Normally Consolidated BBC

____.



Table 6.5: Comparison of Results with CKoUDSS Tests at Same 'vc on 1 41
Normally Consolidated BBC

Table 7.1: Results from Geonor CKoUDSS Tests on Overconsolidated 1 80
BBC III

Table 7.2: Results of CKoUDSS Tests on Overconsolidated BBC (from 1 81
Ladd and Edgers, 1972)

Table 7.3: Comparison of Results from Geonor CKoUDSS Tests on 1 82
Overconsolidated BBC III

Table 7.4: Comparison of m Values for CKoUDSS Tests on 1 83
Overconsolidated BBC

Table A.1: Summary of Consolidation Results from CKoUDSS Tests on 228
BBC III

Table C.1: Results of CRSC Tests on Boston Blue Clay III 31 9

Table C.2: Results of CRSC Tests on BBC III (after Walbaum, 1988) 320

Table C.3: Summary of Consolidation Results from CRS and Oedometer 321
Tests on BBC III

Table C.4: Linear Regression Results for e-k Relationship for Tests 322
on BBC III

-A,



-I

12

LIST OF FIGURES

Figure 2.1: Cross-Section of the SGI Simple Shear Apparatus (after 41
Kjellman, 1951; from DeGroot, 1989)

Figure 2.2: Schematics of: (a) Cambridge University Direct Simple 41
Shear Device; (b) NGI Direct Simple Shear Device (after Franke,
et al. 1979; from DeGroot, 1989)

Figure 2.3: Cambridge University Mk7 Simple Shear Apparatus: (a) Cross- 42
Section; (b) Arrangement of Load Transducers; (c) Typical Set of
Forces Measured; (d) Stresses Deduced for Sample Core (after
Budhu, 1985; from DeGroot, 1989)

Figure 2.4: Cambridge University Cylindrical Simple Shear Apparatus 42
(CSSA); (a) Cross-Section; (b) Typical Set of Forces Measured
after Budhu, 1989; from DeGroot, 1989)

Figure 2.5 Comparison of Ideal Set of Stresses Imposed to a Simple 43
Shear Specimen Versus Stresses Which can Realistically be Imposed
(from DeGroot, 1989)

Figure 2.6: Elastic Stresses in Cambridge Simple Shear Apparatus 44
Computed by Roscoe (1953; from Ladd and Edgers, 1972)

Figure 2.7: Elastic Stresses in Geonor DSS Apparatus Computed by 45
Luck et al. (1972; from DeGroot, 1989)

Figure 2.8: Stress Distribution on the Principal Third for a 46
Constant Volume Test on Kaolin in the Cambridge CSSA: (a)
Principal Third Load Cells; (b) Normal Stress; (c) Shear
Stress (a = shear distortion yyx; after Airey and Wood; from
DeGroot, 1989)

Figure 2.9: Definition of Stresses and Angles for Initial and 47
Failure States in the Direct Simple Shear Test (after Ladd
and Edgers, 1972; from DeGroot, 1989)

Figure 2.10: Direct Simple Shear Failure Criterion I: Applied 48
Stress System in Pure Shear (after Ladd and Edgers, 1972;
from DeGroot, 1989)

Figure 2.11: Direct Simple Shear Failure Criterion II: 49
Horizontal Plane is Failure Plane (from DeGroot, 1989)

Figure 2.12: Stress Ratio on Horizontal Plane in Central 50
Third, Average Void Ratio Change for Whole Sample and
Inclination to Horizontal of Major Principal Planes of Stress
('b), Stress Increment (R), Strain Increment (C), as well as
Planes of Maximum Shear Stress (fP) and Maximum Obliquity (w)
for Drained Tests in the Cambridge DSS on: (a) Medium Loose
Sand (eo = 0.68); (b) Dense Sand (eo = 0.53); after Roscoe,
et al. 1985; from DeGroot, 1989)

:I



Figure 2.13: Rupture Observer in Radiograph of Simple Shear Test 50
on Kaolin (sketches of radiographs of threads of lead paste;
after Airey, et al. 1985; from DeGroot, 1989)

Figure 2.14: Direct Simple Shear Failure Criterion III: Horizontal 51
Plane is Plane of Maximum Shear Stress (from DeGroot, 1989)

Figure 2.15: Direct Simple Shear Failure Criterion IV: Assume 52
Mohr-Coulomb Failure Envelope (from DeGroot, 1989)

Figure 2.16: Direct Simple Shear Failure Criterion V: Failure 53
Occurs on Vertical Planes (from DeGroot, 1989)

Figure 2.17: Direct Simple Shear Criterion VI: Linear Relationship 54
Between Th/a'v and rtan6 (from DeGroot, 1989)

Figure 2.18: Direct Simple Shear Failure Criterion VII: Coincidence 55
of Principal Axis of Strain Increment and Stress (from DeGroot,
1989)

Figure 3.1: Geonor Model 4 Direct Simple Shear Device (Geonor DSS 63
Manual)

Figure 3.2: Sample Assembly of Geonor Model 4 Direct Simple Shear 64
Apparatus (Geonor DSS Manual)

Figure 3.3: Schematic Diagram of the Modified Geonor Model 4 DSS 65
Apparatus

Figure 3.4: Location of Constant Height DCDT in the Geonor DSS 66
Apparatus (from DeGroot, 1989)

Figure 3.5: Schematic of Geonor Constant Height Servo Control System 67
(from DeGroot, 1989)

Figure 4.1: Location of the Site from where Boston Blue Clay III was 87
collected (from Seah, 1990).

Figure 4.2: Schematic of General Layout (from Seah, 1990). 88

Figure 4.3: Compression Curves (ev versus log o'vc ) from Oedometer 89
Tests on Batch 204, 205 and 207 of BBC III (after Seah, 1990).

Figure 5.1: Definition of Swelling Ratio (SR). 1 06

Figure 5.2: Compression Curves (ev versus log a'v,) from DSS Tests on 1 07
Batch 204.

Figure 5.3: Compression Curves (ev versus log o'v,) from DSS Tests on 108
Batch 205.

Figure 5.4: Compression Curves (ev versus log a'v ) from DSS Tests on 109
Batch 207.



Figure 5.5: Compression Curves (Ev versus log o' -v) from DSS Tests on 11 0
BBC III.

Figure 5.6: Compression Curves (ev versus log ,'vc) from DSS Tests on 111
Batches 204 and 207 (from Werner, 1990).

Figure 5.7: Compression Curves (ev versus log ,' v) from Oedometer Tests 11 2
on Batches 204, 205, and 207 (from Seah, 1990).

Figure 5.8: Comparison of Compression Curves (ev versus log o' vc) from 11 3
Tests on Batch 204 (Results from DSS and Oedometer Tests).

Figure 5.9: Comparison of Compression Curves (ev versus log a' vc) from 11 4
Tests on Batch 205 (Results from DSS and Oedometer Tests).

Figure 5.10: Comparison of Compression Curves (ev versus log -' vc) 11 5
from Tests on Batch 207 (Results from DSS and Oedometer Tests).

Figure 5.11: Comparison of Compression Curves (ev versus log ' vc) 11 6
from tests on Batches 204, 205, and 207 of BBC III.

Figure 5.12: Comparison of Compression Curves (ev versus log a',v) 11 7
from All the DSS, Oedometer, and CRSC tests on Batches 204, 205,
and 207 of BBC III.

Figure 5.13: Typical Compression Curve for BBC III in the DSS Test. 1 18

Figure 6.1: Normalized Stress Paths from CKoUDSS Tests on Normally 1 42
Consolidated Boston Blue Clay.

Figure 6.2: Normalized Shear Stress Versus Shear Strain from CKoUDSS 1 43
Tests on Normally Consolidated Boston Blue Clay.

Figure 6.3: Applied Shear Stress Ratio Versus Shear Strain from CKoUDSS 1 44
Tests on Normally Consolidated Boston Blue Clay.

Figure 6.4: Normalized Pore Pressure Versus Shear Strain from CKoUDSS 1 45
Tests on Normally Consolidated Boston Blue Clay.

Figure 6.5: Vertical Strain Versus Shear Strain from CKoUDSS Tests 1 46
on Normally Consolidated Boston Blue Clay.

Figure 6.6: Normalized Undrained Young's Modulus Versus Applied 1 47
Shear Stress Ratio from CKoUDSS Tests on Normally Consolidated
Boston Blue Clay.

Figure 6.7: Normalized Stress Paths from CKoUDSS Tests on Normally 1 48
Consolidated Boston Blue Clay (From DeGroot, 1989).

Figure 6.8: Normalized Shear Stress Versus Shear Strain from CKoUDSS 149
Tests on Normally Consolidated BBC (From DeGroot, 1989).

Figure 6.9: Applied Shear Stress Ratio Versus Shear Strain from CKoUDSS 1 50
Tests on Normally Consolidated BBC (From DeGroot, 1989).



Figure 6.10: Normalized Pore Pressure Versus Shear Strain from CKoUDSS 1 51
Tests on Normally Consolidated BBC (From DeGroot, 1989).

Figure 6.11: Normalized Undrained Young's Modulus Versus Applied Shear 1 52
Stress Ratio from CKoUDSS Tests on Normally Consolidated BBC
(From DeGroot, 1989).

Figure 6.12: Stress Paths for CKoUDSS Tests on Normally Consolidated 1 53
BBC.

Figure 6.13: Normalized Shear Stress Versus Shear Strain for CKoUDSS 1 54
Tests on Normally Consolidated BBC.

Figure 6.14: Applied Shear Stress Ratio Versus Shear Strain for 1 55
CKoUDSS Tests on Normally Consolidated BBC.

Figure 6.15: Pore Pressure Versus Shear Strain for CKoUDSS Tests 1 56
on Normally Consolidated BBC.

Figure 6.16: Young's Modulus Versus Applied Shear Stress Ratio for 1 57
CKoUDSS Tests on Normally Consolidated BBC.

Figure 6.17: Young's Modulus (Eu/al' ) versus Shear Strain (y) for 158
CKoUDSS Tests on Normally Consolidated BBC (Tests by Author and
DeGroot, 1989).

Figure 6.18: Maximum Normalized Shear Stress Versus Vertical 1 59
Consolidation Stress for CKoUDSS Tests on Normally Consolidated
BBC (Data from Tables 6.1 and 6.2).

Figure 6.19: Shear Strain at Peak Shear Strength Versus Vertical 1 60
Consolidation Stress for CKoUDSS Tests on Normally Consolidated
BBC (Data from Tables 6.1 and 6.2).

Figure 6.20: Normalized Vertical Effective Stress at Peak Strength 1 61
Versus Consolidation Stress for CKoUDSS Tests on Normally
Consolidated BBC (Data from Tables 6.1 and 6.2).

Figure 6.21: Normalized Pore Pressure at Peak Strength Versus Shear 1 62
Strain at Failure for CKoUDSS Tests on Normally Consolidated
BBC (Data from Tables 6.1 and 6.2).

Figure 6.22: Angle 0 at Peak Shear Stress Versus Consolidation Stress 1 63
for CKoUDSS Tests on Normally Consolidated BBC (Data from Tables
6.1 and 6.2).

Figure 6.23: Angle 0 at Peak Shear Stress Versus Shear Strain at Failure 1 64
for CKoUDSS Tests on Normally Consolidated BBC (Data from Tables
6.1 and 6.2)

Figure 6.24: Normalized Undrained Young's Modulus Versus Vertical 1 65
Consolidation Stress for CKoUDSS Tests on Normally Consolidated
BBC (Data from Tables 6.1 and 6.2).



Figure 6.25: Young's Modulus (Eu/T'vc) Versus Vertical Consolidation 1 66
Stress for CKoUDSS Tests on Normally Consolidated BBC (Data
from Tables 6.1 and 6.2).

Figure 7.1: Normalized Stress Paths from CKoUDSS Tests on 184
Overconsolidated Boston Blue Clay.

Figure 7.2: Normalized Shear Stress Versus Shear Strain from CKoUDSS 1 85
Tests on Overconsolidated Boston Blue Clay.

Figure 7.3: Applied Shear Stress Ratio Versus Shear Strain from CKoUDSS 1 86
Tests on Overconsolidated Boston Blue Clay.

Figure 7.4: Normalized Pore Pressure Versus Shear Strain from 1 87
CKoUDSS Tests on Overconsolidated Boston Blue Clay.

Figure 7.5: Vertical Strain Versus Shear Strain from CKoUDSS Tests on 1 88
Overconsolidated Boston Blue Clay.

Figure 7.6: Normalized Undrained Young's Modulus Versus Applied Shear 1 89
Stress Ratio from CKoUDSS Tests on Overconsolidated Boston Blue
Clay.

Figure 7.7: Normalized Undrained Young's Modulus (Eu/u'v,) Versus 190
Shear Strain from CKoUDSS Tests on Overconsolidated Boston Blue
Clay.

Figure 7.8: Normalized Young's Modulus Versus OCR from CKoUDSS 1 91
Tests on Overconsolidated Boston Blue Clay.

Figure 7.9: Undrained Shear Strength Ratio Versus OCR from CKoUDSS 1 92
Test on Overconsolidated Boston Blue Clay.

Figure 7.10: Comparison of Stress Paths from CKoUDSS Tests on BBC 1 93
at the Same OCR with Different a' V..

Figure 7.11: Normalized Shear Stress Versus Shear Strain from CKoUDSS 1 94
Tests at the Same OCR with Different e'..

Figure 7.12: Normalized Pore Pressure Versus Shear Strain from CKoUDSS 1 95
Tests at the Same OCR with 'em.

Figure 7.13: Normalized Undrained Young's Modulus Versus Applied 1 96
Shear Stress Ratio from CKoUDSS Tests on BBC at the Same OCR
with Different ' v,.

Figure 7.14: Normalized Stress Paths from CKoUDSS Tests on 1 97
Overconsolidated Boston Blue Clay (from Ladd and Edgers,
1972).

Figure 7.15: Normalized Shear Stress Versus Shear Strain from 1 98
CKoUDSS Tests on Overconsolidated Boston Blue Clay (from
Ladd and Edgers, 1972).



Figure 7.16: Applied Shear Stress Ratio Versus Shear Strain from 1 99
CKoUDSS Tests on Overconsolidated Boston Blue Clay (from Ladd
and Edgers, 1972).

Figure 7.17: Normalized Pore Pressure Versus Shear Strain from CKoUDSS 200
Tests on Overconsolidated Boston Blue Clay (from Ladd and
Edgers, 1972).

Figure 7.18: Normalized Undrained Young's Modulus Versus Applied 201
Shear Stress Ratio from CKoUDSS Tests on Overconsolidated
Boston Blue Clay (from Ladd and Edgers, 1972).

Figure 7.19: Normalized Undrained Young's Modulus (Eu/u'vc) Versus 202
Shear Strain from CKoUDSS Tests on Overconsolidated Boston Blue
Clay (from Ladd and Edgers, 1972).

Figure 7.20: Normalized Stress Paths from CKoUDSS Tests on 203
Overconsolidated Boston Blue Clay (Curves from Figures 7.1
and 7.14).

Figure 7.21: Normalized Shear Stress Versus Shear Strain from 204
CKoUDSS Tests on Overconsolidated Boston Blue Clay (Curves
from Figures 7.2 and 7.15).

Figure 7.22: Applied Shear Stress Ratio Versus Shear Strain from 205
CKoUDSS Tests on Overconsolidated Boston Blue Clay (Curves from
Figures 7.3 and 7.16.

Figure 7.23: Normalized Pore Pressure Versus Shear Strain from CKoUDSS 206
Tests on Overconsolidated Boston Blue Clay (Curves from Figures
7.4 and 7.17).

Figure 7.24: Normalized Undrained Young's Modulus Versus Applied 207
Shear Stress Ratio from CKoUDSS Tests on Overconsolidated

Boston Blue Clay (Curves from Figures 7.6 and 7.18).

Figure 7.25: Normalized Undrained Young's Modulus (Eu/o'vc) Versus 208
Shear Strain from CKoUDSS Tests on Overconsolidated Boston Blue
Clay (Curves from Figures 7.7 and 7.19).

Figure 7.26: Normalized Young's Modulus Versus OCR from CKoUDSS 209
Tests on Overconsolidated Boston Blue Clay (Tests by Author and
from Ladd and Edgers, 1972).

Figure 7.27: Normalized Undrained Shear Strength Ration Versus OCR 21 0
from CKoUDSS Tests on Boston Blue Clay (Results from Tables
7.1 and 7.2)

Figure A.1: Compression Curve (e, versus log ,'vc) from DSS Test 14. 232

Figure A.2: Compression Curve (ev versus log a' vc) from DSS Test 18. 233

Figure A.3: Compression Curve (ev versus log a'vc) from DSS Test 22. 234

Figure A.4: Compression Curve (v, versus log a'vc) from DSS Test 25. 235

Figure A.5: Compression Curve (ev versus log a' vc) from DSS Test 31. 236



Figure A.6: Compression Curve (ev versus log at'v) from DSS Test 37. 237

Figure A.7: Compression Curve (c, versus log 'vc) from DSS Test 40. 238

Figure A.8: Compression Curve (ev versus log 'vc) from DSS Test 44. 239

Figure A.9: Compression Curve (ev versus log a'vc) from DSS Test 48. 240

Figure A.10: Compression Curve (ev versus log a'vc) from DSS Test 50. 241

Figure A.11: Compression Curve (ev versus log a' vc) from DSS Test 51. 242

Figure A.12: Typical Settlement-Time Curve of a Consolidation 243
Increment in the DSS.

Figure C.1: Schematic of MIT General Purpose Consolidometer (from Wissa 323
and Heiberg, 1969).

Figure C.2: Compression Curve (ev Vs. log cr'v) from CRSC TEST No. 1. 324

Figure C.3: Compression Curve (e, Vs. log a'vc) from CRSC TEST No. 2. 325

Figure C.4: Compression Curve (ev Vs. log a'vc) from CRSC TEST No. 3. 326

Figure C.5: Compression Curve (ev Vs. log a,'vc) from CRSC TEST No. 8. 327

Figure C.6: Comparison of Compression Curves (ev Vs. log o'v,) from 329
All CRS Tests.

Figure C.7: Comparison of Compression Curves (fv Vs. log ,'vc) from 330
CRS and Oedometer Tests.

Figure C.8: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress 331
( 'vc) for CRSC Test No. 1.

Figure C.9: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress 332
(o' c) for CRSC Test No. 2.

Figure C.10: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress 333
(o'vc) for CRSC Test No. 3.

Figure C.11: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress 334
( 0'vc) for CRSC Test No. 8.

Figure C.12: Compression Curve (e Vs. log a'vc) from CRSC TEST No. 1. 335

Figure C.13: Compression Curve (e Vs. log v' v) from CRSC TEST No. 2. 336

Figure C.14: Compression Curve (e Vs. log a,'v,) from CRSC TEST No. 3. 337

Figure C.15: Compression Curve (e Vs. log a,'vc) from CRSC TEST No. 8. 338

Figure C.16: Comparison of Compression Curves (e Vs. log 've ) from 339
All the CRS Tests.



Figure C.17:

Figure C.18:

Figure C.19:

Figure C.20:

Figure C.21:

Graph of Void Ratio (e) Vs. Logarithm of Coefficient of
Permeability (k) for CRSC Test No. 1.

Graph of Void Ratio (e) Vs. Logarithm of Coefficient of
Permeability (k) for CRSC Test No. 2.

Graph of Void Ratio (e) Vs. Logarithm of Coefficient of
Permeability (k) for CRSC Test No. 3.

Graph of Void Ratio (e) Vs. Logarithm of Coefficient of
Permeability (k) for CRSC Test No. 8.

Graph of Void Ratio (e) Vs. Logarithm of Coefficient of
Permeability (k) for All the CRS Tests.

Figure C.22: Graph of Logarithm of Void Ratio (e) Vs. Logarithm of
Coefficient of Permeability (k) for CRSC Test No. 1.

Figure C.23: Graph of Logarithm of Void
Coefficient of Permeability (k) for

Figure C.24: Graph of Logarithm of Void
Coefficient of Permeability (k) for

Figure C.25: Graph of Logarithm of Void
Coefficient of Permeability (k) for

Ratio (e) Vs. Logarithm of
CRSC Test No. 2.

Ratio (e) Vs. Logarithm of
CRSC Test No. 3.

Ratio (e) Vs. Logarithm of
CRSC Test No. 8.

Figure C.26: Graph of Logarithm of Void Ratio (e) Vs. Logarithm of
Coefficient Permeability (k) for All the CRS Tests.

Figure C.27: Plot of Normalized Excess Pore Pressure (ub/! ',) versus
Vertical Effective Stress (o'v) for CRSC Test No. 1.

Figure C.28: Plot of Normalized Excess Pore Pressure (ub/o'v) versus
Vertical Effective Stress (a'v) for CRSC Test No. 2.

Figure C.29: Plot of Normalized Excess Pore Pressure (ub/
Vertical Effective Stress (a''v) for CRSC Test No. 3.
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Figure C.30: Plot of Normalized Excess Pore Pressure (ub/ l'v) versus
Vertical Effective Stress (a 'v) for CRSC Test No. 8.

Figure C.31: Graph of Permeability Change Index, Ck, Versus Void
Ratio, eo, for All Clays Tested (after Tavenas et al., 1983).

Figure C.32: Graph of Permeability Change Index, Ck, Versus Void
Ratio, eo,for BBC III.
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LIST OF SYMBOLS

Prefix A indicates a change.
Suffix f indicates a final or failure condition.
A superscript prime on a stress indicates an effective stress.
A superscript prime on a property indicates value in terms of
effective stress.

GENERAL

BBC

COV

DCDT

n,r

SD

Boston Blue Clay

Coefficient of variation = SD/Mean

Direct current displacement transducer

Linear regression parameters; n = number of
observations; r = correlation coefficient

Standard deviation

INDEX AND CLASSIFICATION PROPERTIES

e Void ratio

eo Initial void ratio

G Specific Gravity

Il Liquidity index

Ip Plasticity index

LL Liquidity limit

PL Plastic Limit

S Degree of saturation

w Water content

wi Liquid limit

Wp Plastic limit

Note:
1.
2.
3.
4.



STRESSES, STRAINS, MODULI AND STRENGTH PARAMETERS

Cu Undrained shear strength from DSS (= Thmax)

E Young's modulus

Eu Undrained secant E

Eu(50) Eu fifty percent to failure

G Shear modulus

Ko Coefficient of earth pressure at rest

m,n OCR exponents

OCR Overconsolidation ratio = o'p/o'vc, o'p/ l'vm

p' 0.5(a'v + a'h)

q 0.5(av - oh) or (l - a2)

qf q at failure

S Normally consolidated undrained strength ratio

NSP Normalized Soil Parameter

SHANSEP Stress History And Normalized Soil Engineering
Properties

tc Consolidation time under last increment

tf Time to failure

ts Storage time

u Pore water pressure

ub Pore water pressure at the base of specimen

evol Volumetric strain

e1,e2,e3 Principal strains

6 Angle between arlf and vertical direction

7 Shear strain

a,a' Normal total stress, normal effective stress

Ua1,2, 3 Principal stresses



aOf, '0 ff

av

oC

Ur

7ff

Of

op

CONSOLIDATION

av

Cv

Cc

Ck

Cr

Cs

Ca

CR

k

my

RR

SR

t

22

Normal stress on failure plane at failure

Vertical normal stress

Horizontal normal stress

Radial normal stress

Shear stress

r on failure plane at failure

Slope of Mohr-Coulomb failure envelope

Orientation of the failure plane relative to the
horizontal

Orientation of the major principal stress relative to the
horizontal

Arctan (Th/a'v) for direct simple shear tests.

Poisson's ratio

PARAMETERS

Coefficient of Compressibility = Ae/Aav

Coefficient of consolidation for vertical flow

Virgin compression index

Permeability change index = Ae/Alogk

Recompression index

Swelling index

Rate of secondary compression = A ev/ Alogt

Virgin compression ratio = Aev/Aloga'vc

Permeability

Coefficient of volume change = A ~v/A •v

Recompression Ratio

Swelling Ratio

Time
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CONSOLIDATION

CAU

CAUDSS

CIUC

CKoU

CKoUC

CKoUDSS

CRSC

DSS

PCE

PSE

TC

TE

UU

UUC

t required for primary consolidation

Vertical Strain

Vertical consolidation stress

Initial vertical effective stress

Preconsolidation pressure

Maximum Past Pressure

AND STRENGTH TESTS

Anisotropically consolidated-undrained shear test

CAU direct simple shear test

Isotropically consolidated-undrained triaxial
compression test

Ko consolidated-undrained shear test

CKoU triaxial compression test

CKoU direct simple shear test

Constant rate of strain consolidation test

Direct simple shear

Plane strain compression test

Plane strain extension test

Triaxial compression

Triaxial extension

Unconsolidated-undrained shear test

UU triaxial compression test

I



CHAPTER 1

INTRODUCTION

The objective of this research is to investigate the normalized undrained

strength and stress-strain behavior of resedimented Boston Blue Clay (BBC) using

Geonor Direct Simple Shear (DSS) apparatus. This is achieved by conducting a

number of Ko-consolidated-undrained Direct Simple Shear (CKoUDSS) tests on

specimens of normally consolidated BBC at different consolidation stress levels and

also on specimens rebounded to varying overconsolidation ratios (OCR's). The results

are then expressed in terms of Normalized Soil Parameters (NSP) to evaluate the

normalized behavior of normally consolidated and overconsolidated Boston Blue Clay.

Additionally, a number of constant rate of strain consolidation (CRSC) tests were

performed to obtain well defined compression curves for comparison with the data from

the consolidation phase of CKoUDSS tests.

Chapter 2 describes the NSP concept along with an outline of the SHANSEP

(an acronym for Stress History And Normalized Soil Engineering Properties) design

method and laboratory testing technique (Ladd and Foott, 1974). It also contains a

review of simple shear devices and the state of stress in DSS testing, with emphasis on

the Geonor type DSS apparatus.

The tests for this research were conducted in MIT's Geonor Model 4 Direct

Simple Shear apparatus using the SHANSEP reconsolidation technique. Chapter 3

contains a description of the testing equipment and summarizes the experimental

procedures.

Chapter 4 gives a summary of batching procedures and properties of

resedimented BBC. The chapter also contains an outline of the laboratory testing

program.

The data from the consolidation phase of the CKoUDSS tests are presented and



analyzed in Chapter 5. The chapter compares the Geonor DSS consolidation results

with data from incremental oedometer and constant rate of strain consolidation tests

on resedimented BBC III and draws relevant conclusions based on comparison and

analyses.

Chapter 6 presents and analyzes the results of CKoUDSS tests on normally

consolidated specimens of BBC. The chapter summarizes the available data from

SHANSEP type undrained shear tests performed in the Geonor DSS on normally

consolidated specimens of BBC and subsequently compares data from the writer's tests

with the prior data. The chapter than discusses the undrained shear behavior of

normally consolidated resedimented BBC in the Geonor DSS and summarizes the

salient conclusions.

Chapter 7 presents and discusses the results of CKoUDSS tests on

overconsolidated specimens of BBC. The chapter compares the data from the author's

tests with those from previous research and finally summarizes the relevant conclusions

pertaining to undrained shear behavior of overconsolidated resedimented BBC in the

Geonor DSS.

Chapter 8 summarizes the main conclusions of the experimental study and

provides recommendations for further research. Chapter 9 gives a list of references.

Three Appendices are attached. Appendix A contains the tabulated stress-strain data

and compression curves from the individual tests for the consolidation phase of the

DSS testing. Appendix B presents the tabulated undrained shear experimental data

from the individual CKoUDSS tests on resedimented BBC. Appendix C describes

consolidation at constant rate of strain. The Appendix contains an outline of the CRSC

testing procedures, presents and analyzes the CRSC test results and finally provides a

summary of important conclusions from the experimental study. The tabulated data

from each CRSC test are also contained in Appendix C.



CHAPTER 2

BACKGROUND

2.1 Normalized Soil Parameter Concept

The Normalized Soil Parameter (NSP) concept is based on the empirical

observation that the results of laboratory test on clay samples having the same

overconsolidation ratio (OCR), but different consolidation stresses (o'v*) and therefore

different maximum past (or preconsolidation) pressures (' v. or a'p), exhibit similar

properties (i.e., strength, stress-strain, pore pressure parameters, moduli, etc) when

normalized with respect to the consolidation stress (Ladd and Foott, 1974). The

concept has significant practical value for it provides a very convenient format for

presenting and evaluating clay behavioral characteristics. This concept will be

described in some detail in the succeeding paragraphs since the intent of this research

is to evaluate the normalized behavior of resedimented Boston Blue Clay (BBC)-a test

soil (see Chapter 4) being widely used at MIT for understanding the behavior of

typical cohesive soils.

The normalized method of plotting the data has been extensively used at MIT

during the past two decades and it has been found that many cohesive soils exhibit

normalized behavior. Ladd and Foott (1974) compared undrained strength data for five

cohesive soils tested in the Geonor DSS and found that the soils exhibit very similar

trends with increasing OCR, even though the index properties of the five soils covered

a wide range of values. Cohesive soils are also found to exhibit normalized behavior in

the other types of shear tests (e.g., Ladd and Foott, 1980).

The NSP concept has significance beyond being a convenient way of presenting

test results, since it provides a very useful framework for comparing and relating the

behavioral characteristics of different cohesive soils.The concept has lead to the

development of a very valuable design method, called SHANSEP (an acronym for



Stress History And Normalized Soil Engineering Properties), to evaluate the in-situ

strength and stress-strain properties for stability analyses (Ladd and Foott, 1974). The

method, though based on empirical observations of normalized behavior, has become

adopted by many in engineering practice over the past decade or so because of its

successful practical application on a variety of different soils. This design method

encompasses the following major steps for a thorough and reliable evaluation of design

parameters (from Jamiolkowski et al. 1985):

* Establish the stress history, i.e., the profile of l'vo and a'p, which

determines the range of OCR values for which data are required.

* Perform a series of CKoU shear tests, with representative modes of

failure, on specimens consolidated beyond the in situ preconsolidation

pressures (to a'lv greater than 1.5 to 2 times the O'p) to measure the

behavior of normally consolidated clay and also on specimens rebounded

to varying OCR to measure overconsolidated behavior.

* Express the results in terms of NSP and establish NSP versus OCR

relationships, i.e., cu/o,'v versus OCR (the resulting relationship can be

expressed as, cu/o'vc = S (OCR)"; where, S = cu/u'vc for normally

consolidated soil)

0 Use these NSP relationships and the stress history information to

compute profile of c,, etc.

Ladd and Foott (1974) suggested a laboratory testing technique to yield NSP

values which requires that the sample be Ko--consolidated back onto the virgin

compression line before testing (step 2 above), primarily to reduce the adverse effects

of the sample disturbance. They also recommended to standardize the effects of the

secondary compression, the last consolidation increment should be left on the sample



for about one log cycle of secondary compression prior to undrained shear. They

suggested that a shear strain rate of 5 % per hour is appropriate for CKoUDSS tests.

Critics of SHANSEP (Mesri, 1975; Tavenas and Leroueil, 1977, 1980) argue

that consolidating the sample well beyond the in situ stresses will destroy some

important aspects of soil structure that have been developed during and after clay

deposition. Ladd and Foott (1974, 1980) agree that this argument is valid with "highly

structured" and naturally cemented deposits and hence the SHANSEP reconsolidation

method is not recommended with such soils. However, they state that with more

ordinary clays (e.g., Ii typically less than unity), the real question from a practical

point of view is the degree to which the SHANSEP reconsolidation procedure will

provide reasonable estimates of in-situ properties, specially when compared with other

available techniques commonly used in practice. Ladd (1988, 1990) recommends that

the method should be applied to tube samples of soils with moderate to low OCR's

having low I1 (< 1) and especially for all truly normally consolidated soils.

In view of the preceding discussion, it is evident that the normalized parameter

concept provides a powerful tool for evaluating and synthesizing experimental data.

The SHANSEP method also has established its credibility because of its successful use

for designs involving a variety of different soils and has been further refined over the

past years. However, the method is expensive and is applicable only to those soils

which exhibit reasonable normalized behavior (i.e., yield reasonably constant cu/ar'vc

at different consolidation stress levels for normally consolidated soils and result in a

consistent curve for CKoUDSS test data of cu/u'vc versus logarithm of OCR plot in

case of overconsolidated samples independent of preconsolidation pressure). It is found

(Ladd et al. 1977) that normalized behavior applies only to those cohesive soils which

maintain their same basic structure during loading beyond the in situ stresses and into

the virgin compression range. These soils generally have a reasonably constant virgin

compression index. Soils such as quick clays and naturally cemented soils do not



exhibit normalized behavior since their structure is drastically altered when loaded

beyond their "apparent" preconsolidation pressure (e.g., Koutsoftas and Ladd, 1984).

2.2 Review of Existing Simple Shear Devices (reproduced from DeGroot, 1989; edited

by Ladd, 1990)

The first direct simple shear apparatus capable of uniformly deforming a soil

specimen was built in 1936 at the Royal Swedish Geotechnical Institute (SGI;

Kjellman,1951). The SGI apparatus used a circular soil specimen (6 cm diameter by 2

cm height which is placed between a lower and upper grooved plate (Figure 2.1). The

specimen is confined laterally by a rubber membrane and a series of stacked aluminum

rings. The ring spacing is small enough to allow vertical compression of the sample

while minimizing lateral expansion of the membrane. Dead weights are used to apply

both the vertical stress and horizontal shear stress to the sample. The sample is

sheared under stress controlled conditions.

In the early 1960's, the Norwegian Geotechnical Institute (NGI) developed a

direct simple shear device based on the SGI apparatus (Bjerrum and Landva, 1966).

The new device was designed to Ko-consolidate undisturbed sensitive clay specimens

and to allow the specimens to strain in simple shear. These conditions are satisfied by

confining a circular specimen (8 cm diameter by 1 cm height) within a wire reinforced

rubber membrane which allows the sample to deform vertically and horizontally with

minimal changes in diameter (Figure 2.2b). A special trimming apparatus was also

developed so that soft sensitive clay could be prepared with minimum disturbance.

Constant volume tests are run by varying the normal stress acting on a sample via a

screw-controlled loading system. This device is sold commercially by Geonor as the

Direct Simple Shear (DSS) apparatus (From here on the NGI type DSS will be referred

to as the Geonor direct simple shear device or the Geonor DSS). MIT currently uses

the Geonor Model 4 DSS which is described in more detail in Chapter 3.



In 1953, Cambridge University developed a simple shear apparatus which can

impose simple shear strain to a rectangular (6 cm square by 2 cm high) sand specimen

while also permitting the measurement of volume changes during shear (Roscoe, 1953).

The apparatus deforms an initially cuboidal sample into a parallelepiped shape by

allowing two initially vertical sides of the box containing the sample to rotate as the

top or bottom faces displace horizontally (Figure 2.2a). Since 1953, seven versions of

the Cambridge simple shear device have been developed (MK1 to MK7). The newer

models have been elaborately instrumented to measure normal and shear forces along

the faces of the sample and are also capable of testing cohesive soils (Figure 2.3).

Cambridge has also developed a fully instrumented circular simple shear apparatus

(Figure 2.4).

Since the late 1960's, many other types of direct simple shear devices have been

developed. Several were primarily built to conduct cyclic tests on soil samples,

including those described by Peacock and Seed (1968), Finn et al. (1971) and Hara and

Kiyota (1977), Ansell and Brown (1978), Sidney et al. (1978) and Idriss et al. (1980).

Several other devices are equipped with pressure chambers as described by Franke et

al. (1979), Silver, et al. (1980) and Tatsuoka and Silver (1981).

2.3 State of Stresses in Direct Simple Shear Testing (abstracted from DeGroot, 1989)

2.3.1 Uniformity of Stress and Strain

The direct simple shear apparatus was developed to provide a soil testing device

which can evaluate the stress strain behavior of soils under simple shear strain

conditions. It enables soil specimens to be tested wherein the major principal stress

axis rotates during shear while the sample is kept under a condition of plane strain.

Since its inception the direct simple shear apparatus has been known to be unable to

impose uniform normal and shear stresses to a test specimen. This problem mainly

__



arises from the fact that existing simple shear devices can not impose complementary

shear forces to the vertical sides of specimen (Figure 2.5).

Many studies have been conducted to predict the state of stress within a soil

sample tested in a simple shear device. The succeeding paragraphs present a summary

of important theoretical and experimental studies for drawing relevant conclusions

subsequently.

Roscoe (1953) conducted a mathematical analysis of the rectangular Cambridge

apparatus for an elastic material. The results show (Figure 2.6) that the application of

a shear force to the top and bottom faces is counterbalanced by a codple due to normal

stresses acting on the sample sides. The development of the counteracting couple on

the faces causes tension zones to develop at the upper leading edge and the lower

trailing edge. However, these tension zones can be overcome if a normal force,

equivalent or greater than the shear force, is applied to the sample. The results also

show that the shear stress on the sample faces is approximately uniform across only the

middle third of each face.

Duncan and Dunlop (1969) also analyzed the Cambridge apparatus and

reported that, for horizontal equilibrium, the shear stress increases from the top and

bottom towards the middle, reaching a maximum value at the middle height. For

Roscoe's analysis the difference between the average values of shear stress at the top

and at the middle height is equal to 7 %, whereas for the nonlinear finite element

analysis the difference ranges from 4% to 8%.

Lucks et al. (1972) used a three dimensional finite element method with linear

elastic isotropic material properties and with the assumption of infinitesimal strains to

study the stress conditions in the circular Geonor DSS. Their results (Figure 2.7)

indicate that local stress concentrations occur at the edges of an elastic material in the

device. However, overall 70% of the sample has a uniform stress condition and the

horizontal shear stress acting at the middle height of the sample is uniform over the



central 80% of the sample. Finally they concluded that it is reasonable to assume that

the test is measuring the horizontal shear stress and that progressive yielding is of

minimum importance unless the soil is significantly strain softening.

Shen et al. (1978) conducted a parametric study of the Geonor DSS using a

three dimensional elastic finite element analysis of a nonaxisymetrically loaded

axisymetric solid. The cases investigated used different combinations of material

properties, membrane stiffness, specimen geometry and boundary displacements. The

study concluded that the uniformity of the shear stress-strain distribution in the

sample improves as the:

0 specimen height-diameter ratio decreases;

* percent of wire reinforcement increases;

* elastic modulus of the soil decreases;

* Poisson's ratio of the soil decreases;

* applied horizontal displacement increases.

Vucetic and Lacasse (1982) performed a laboratory investigation of the

influence of the height to diameter ratio and of the membrane stiffness on the

undrained behavior of clay in the Geonor DSS. The study included 21 strain-controlled

constant volume tests on undisturbed specimens of the medium-stiff Haga CL clay.

The results indicated no significance influence of the height to diameter ratio or wire

reinforcement on the measured soil strength. Based on these results they concluded

that the theoretical elastic analysis of the direct simple shear device presents a

pessimistic view of the expected influence of stress nonuniformities, primarily because

such analyses cannot take into account the influence of soil yielding during shear which

will reduce the predicted stress concentrations.

Airey and Wood (1987) conducted constant volume tests on Kaolin in the



Cambridge simple shear device and, based on comparison with the results from tests on

sand (Airey et al. 1985), state that uniformity of boundary stresses and internal

deformations is much better for clays (Figure 2.8) than for sands in the simple shear

device.

The conclusions from various studies on the uniformity of stress in the simple

shear apparatus, summarized above, indicate that the theoretical (or numerical)

analyses assuming elastic behavior of the specimen tend to exaggerate the situation

because the stress concentrations at the specimen edges represent an extreme case for

the non-yielding elastic material. This would not be expected for a plastic material

such as clay that yields, as reported by Airey and Wood (1987) for tests on Kaolin and

Vucetic and Lacasse's (1982). Furthermore, Airey and Wood justifiably state that the

uniformity of stress and strain is better in the DSS than in a standard triaxial

apparatus at large strains with rough ends wherein considerable bulging of the sample

may occur as the test approaches failure. Yet triaxial test results do not receive the

same degree of suspicion as simple shear test results.

2.3.2 State of Stress at Failure

The state of stress at failure in simple shear testing remains a controversial

issue since in most of the direct simple shear devices there is not enough information to

construct the Mohr's circle of stress during shear. For example, in the Geonor DSS

only the vertical stress (a'v) and shear stress (rh) on a horizontal plane are known

(this fixes only one point on Mohr's circle of stress). It is only in the more

sophisticated devices like those developed at Cambridge University that the complete

state of stress is known. However, the Cambridge devices are clearly suited only for

research purposes while the simpler Geonor type device is much more commonly used

in practice. It is therefore important to be able to evaluate the state of stress in this

type of device. The purpose of this subsection is to summarize the conclusions from



various approaches in order to find the most suitable method for interpretation of

stresses at failure in the Geonor DSS.

Seven approaches have been proposed to determine Mohr's circle of stress at

failure in the Geonor type direct simple shear device. Each procedure makes an

assumption with respect to determining the orientation of the major principal stress at

failure, thereby allowing al' and a3' to be calculated. Figure 2.9 shows Mohr's circle of

stress for the initial and failure conditions in a DSS test. The initial stresses conform to

Ko conditions and the Mohr-Coulomb failure criterion is assumed to be valid (i.e., the

stresses on the failure plane at failure, rff and o ff correspond to the point of tangency

between the Mohr's circle at failure and the failure envelope. Table 2.1 presents results

of the computed state of stress for a representative CKoUDSS test on a normally

consolidated BBC specimen using the different failure criteria.

Failure Criterion I (Figure 2.10), proposed by Roscoe (1953) and Duncan and

Dunlop (1969), is based on the assumption that the applied stress system is one of pure

shear. Table 2.1 indicates that it results in the highest qf/a'vc, the least amount of

rotation of the principal axes and gives an unrealistically high friction angle 0'.

Failure Criterion II (Figure 2.11) assumes that the horizontal plane is the

failure plane. The analysis of measured data, by Roscoe et al. (1967), from drained

tests in the Cambridge Mk6 simple shear apparatus (Figure 2.12) and the observed

rupture surface in the Cambridge circular simple shear device from tests on Kaolin

(Figure 2.13) by Airey et al (1985) indicate that using this assumption is incorrect.

Table 2.1 shows that it yields the largest ratio of (0'h/a'v)f, largest rotation of the

principal axes and an unreasonably small friction angle €'.

Failure Criterion III assumes that the horizontal plane is a plane of maximum

shear stress (Figure 2.14). Roscoe et al. (1967) showed this assumption to be valid for

their drained tests on medium-loose sand, but not for the tests on dense sand (Figure

2.12). As discussed in the previous subsection, the shear stress in the direct simple



shear devices varies within the sample, i.e., it increases from the top and bottom

towards the middle. Hence, in this case the measured rh at the sample top may not be

equal to the maximum horizontal shear stress within the sample, implying that

predictions for qf/ ' v, and 0' are conservative.

Failure Criterion IV assumes a location for the Mohr-Coulomb failure envelope

(Figure 2.15). In this case the Mohr circle at failure must pass through the measured

normal and shear stresses on the horizontal plane (a'v and "m) and be tangent to the

Mohr-Coulomb envelope. The smaller of the two Mohr's circles is the more reasonable

state of stress (Ladd and Edgers, 1972). In this case, to assume an appropriate value of

0' will be difficult unless sufficient laboratory data on the soil being tested is available

for a reliable estimate of 0'. In addition, if one selects 0' from triaxial compression

data, one has to decide between 0' at qf or at maximum obliquity or some

intermediate value.

Failure Criterion V, proposed by de Josselin de Jong, assumes that failure

occurs on vertical planes (Figure 2.16). Subsequent researchers (e.g., Randolph and

Wroth 1981; Wroth 1984; Wroth 1987; Airey et al. 1985), based on analyses of

theoretical and experimental results, reported that the assumption appears to give very

good results for normally consolidated cohesive soils with low undrained shear

strengths, which also corresponds to low values of 0 [= arctan (Th/l'v)]. However, this

criterion reaches a theoretical limit at (Th/l'vc)max = 0.22, which proves unrealistic

based on almost half of MIT's experimental DSS results reported by DeGroot (1989).

Failure Criterion VI, proposed by Oda and Konishi (1974), assumes a linear

relationship between h/ o'v and KtanS, expressed as:

'rhfe'v = ~tan6 (2.1)

The material constant K is expressed by the following equation (Ochiai, 1975, 1976a,
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1976b),

S= 1- Ko= sin v = 2 sin u n (2.2)
(1+sin nu)

where:

Ko = earth pressure coefficient at rest;

ocv = internal friction angle at the critical void ratio;

ou = interparticle friction angle.

Equation 2.1 inherently assumes that a'3 = Koa'v throughout the test. Based

on Equations 2.1 and 2.2 certain relationships for the major and minor principal

stresses can be derived from consideration of Mohr's circle of stress (Figure 2.17).

The analyses (see DeGroot, 1989) reveal that the Criterion VI gives reasonable

results that do not differ much from assuming the horizontal plane is the plane of

maximum shear stress. However, sufficient experimental data on natural clays showing

that the relationship holds at (Th)uax are not available. Furthermore, it requires a

value of Ko which is not easy to obtain.

Failure Criterion VII, based on the assumption that the principal axes of strain

increment and stress increment coincide (Figure 2.18), appears rational based on

theoretical analyses (Hill, 1950). Roscoe et al. (1967) found the Criterion holds for

drained DSS tests on sand. However, there is no experimental evidence indicating that

this assumption is valid for natural clays. In the case of undrained tests, using this

criterion gives the same results as assuming the horizontal plane is the plane of

maximum shear stress (i.e., Criterion III).

Ladd and Edgers (1972) in their review of the state of stress at failure in

CKoUDSS tests conclude that the undrained shear strength based on (rh)max lies

between qf and rff = qf cosq'. They further state that the test cannot be used to

evaluate Mohr-Coulomb failure envelopes, except at very large shear strains. Wroth
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(1987) also conclude that (Th)max is less than qr and further states that simple shear

tests produce a complex pattern of behavior where the maximum values of shear stress

acting on different planes in the specimen vary widely and occur at different stages of

the test.

2.4 Summary and Conclusions

Keeping in view the intent of this research, i.e., investigation of normalized

behavior of resedimented BBC using the Geonor DSS, it was considered appropriate to

include an overview of following aspects:

0 Normalized Soil Parameter (NSP) concept.

* Review of existing simple shear devices.

& State of stresses in DSS testing

The NSP is based on the empirical observation that the results of laboratory

tests on clay samples having the same OCR, but different consolidation stresses and

therefore different maximum past pressures, exhibit very similar strength and

stress-strain characteristics when normalized with respect to the consolidation stress.

This concept lead to the development of a new design method, called SHANSEP, to

evaluate the in situ strength and stress-strain properties of cohesive soils for stability

analyses. The design method has been applied successfully in the engineering practice

to a variety of cohesive soils. However the method is strictly applicable only to

mechanically overconsolidated and truly normally consolidated soils exhibiting

normalized behavior (Ladd, 1988).

The direct simple shear apparatus was developed to provide a soil testing device

which can evaluate the stress-strain behavior of soil under simple shear. It enables soil

specimens to be tested wherein the major principal stress axis rotates during shear
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while the sample is kept under a condition of plane strain. Most DSS devices cannot,

however, impose complementary shear stresses to the sides of the specimen. Hence a

condition of nonuniform stress and strain occurs within the specimen. This deficiency

has subjected the device to considerable criticism. However, many theoretical and

experimental studies conducted in DSS reveal that for plastic soils the degree of

uniformity of stress and strain in the device is acceptable up to the peak shear

resistance.

The state of stress at failure in the Geonor type device is not known since,

based on the measured vertical effective stress (O'v) and the shear stress (m), the

Mohr's circle of stress can not be determined. Hence, at the peak horizontal shear

resistance the undrained maximum shear stress, qf = 0.5(al - 03), of the soil cannot be

computed. Seven criteria have been proposed to obtain the Mohr's circle of stress at

failure in the Geonor type DSS. Each criterion makes an assumption which determines

the orientation of major principal stress at failure, thereby allowing '- 1 and o' 3 to be

calculated. Many theoretical and experimental studies have been conducted in order to

determine the feasibility of various criteria, but the issue is not yet fully resolved.

DeGroot (1989), in his review of the current state of the art of simple shear testing,

analyzed the state of stress at failure (abstract presented in Section 2.3) based on the

available evidence and made the following statements with respect to the state of stress

at (Th)max for CKoUDSS tests on normally consolidated cohesive soils:

* The undrained shear strength based on (rh)max probably lies between qf

and rff = qfcoso' (Ladd and Edgers, 1972).

* Assuming that the applied stress system is one of pure shear (Criterion

I) or that the failure plane is horizontal (Criterion II) is unreasonable.

* The experimental studies on a variety of soils show that the vertical

effective stress ratio o' v/ a'v at ()h)max lies within a narrow band. As a
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result, a strong correlation exits between b [= arctan (h/a'v ) ] and

(rh/a'vc)max
Assuming the failure plane is vertical (Criterion V) compares well with

experimental results when the values of the undrained strength ratio

(h/'" vc)max are equal to or less than 0.22.



Table 2.1: State of Stress in Geonor CKoUDSS Test on Normally Consolidated BBC
Using Different Assumptions (after Ladd and Edgers, 1972; from DeCroot, 1989)

At Failure (Maximum Th)
Failure Assumption

Criterion qff/'vc Tff/J'vc P'f/l'vc (0'1/0'3)f (9'h/U'v)f 'f° Op. Of

Applied Stresses
I Are Pure Shear 0.320 Indeter. 0.320 m 0.5 90.0 19.3 Indeter.

Horizontal
II Failure Plane 0.212 0.200 0.640 1.99 1.246 19.3 54.7 0

III h = qf 0.200 0.187 0.570 2.08 1 20.6 45.0 10.3

IV #' = 30' 0.230 0.199 0.459 3.00 0.611 30.0 30.4 29.6

Vertical
V Failure Plane 0.236 0.200 0.445 3.26 0.561 32.0 29.0 90.0

VI Th/0'v = xtano 0.213 0.193 0.498 2.49 0.747 25.3 35.1 22.6

Plasticity
VII Theory 0.200 0.187 0.570 2.08 1 20.6 45.0 10.3

a)Measured Data: at (Th)max, Th/'vc=0.200 and "'v/•'vc=0.
b)See Figure 2.9 for definition of stresses and angles.

570; assume Ko=0.5.
Notes:

-~r-~_~~ --



Figure 2.1: Cross-Section of the SGI Simple Shear Apparatus (after
Kjellman, 1951; from DeGroot, 1989).
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Figure 2.2: Schematics of: (a) Cambridge University Direct Simple
Shear Device; (b) NGI Direct Simple Shear Device (after Franke, et
al., 1979; from DeGroot, 1989).
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Figure 2.3: Cambridge University Mk7 Simple Shear Apparatus: (a)
Cross-Section; (b) Arrangement of Load Transducers; (c) Typical Set
of Forces Measured; (d) Stresses Deduced for Sample Core (after
Budhu, 1985; from DeGroot, 1989).
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Figure 2.4: Cambridge University Cylindrical
Apparatus (CSSA): (a) Cross-Section; (b) Typical
Measured (after Budhu, 1985; from DeGroot, 1989).
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Figure 2.8: Stress Distributions on the Principal Third for a Constant
Volume Test on Kaolin in the Cambridge CSSA: (a) Principal Third
Load Cells; (b) Normal Stress; (c) Shear Stress (a = shear distortion
y,,y; after Airey and Wood, 1987; from DeGroot, 1989).
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Figure 2.9: Definition of Stresses and
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from DeGroot, 1989).
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Tff = Th

O 3f O vf P'f 0'hf 0 If

qf/O vc = ThO" vc
CO'S q

p'f/a'vc = O'vf/oa'v + (r/ua',c)tanq'

0'hf/0vf > 1

0, = 450 + #'/2

tan¢' = Th/J'vf

Of = 0'

Figure 2.11: Direct Simple Shear Failure Criterion II:
Horizontal Plane is Failure Plane (from DeGroot, 1989).
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Figure 2.12: Stress Ratio on Horizontal Plane in Central Third,
Average Voids Ratio Change for Whole Sample and Inclination to
Horizontal of Major Principal Planes of Stress (0), Stress Increment
(x), Strain Increment (i), as Well as Planes of Maximum Shear Stress
() and Maximum Obliquity (w) for drained tests in the Cambridge

DSS on: (a) Medium Loose Sand (eo=0.68); (b) Dense Sand (eo=0.53;
after Roscoe, et al., 1967; from DeGroot, 1989).

Figure 2.13: Ruptures Observed in Radiograph of Simple Shear Test
on Kaolin (sketches of radiographs of threads of lead paste; after
Airey, et al., 1985; from DeGroot, 1989).
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Figure 2.14: Direct Simple Shear Failure Criterion III:
Horizontal Plane is Plane of Maximum Shear Stress (from DeGroot,
1989).
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Figure 2.15: Direct Simple Shear Failure Criterion IV:
Assume Mohr-Coulomb Failure Envelope (from DeGroot, 1989).
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Figure 2.16: Direct Simple Shear Failure Criterion V:
Failure Occurs on Vertical Planes (from DeGroot, 1989).
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CHAPTER 3

DESCRIPTION OF EQUIPMENT AND EXPERIMENTAL PROCEDURES

3.1 Introduction

The tests conducted for this research were performed in MIT's Geonor Model 4

DSS apparatus that has been extensively used for direct simple shear research and

testing at MIT since 1965. It was originally developed by the Norwegian Geotechnical

Institute and manufactured by Geonor. The device is very similar to the one used for

tests described by Bjerrum and Landva (1966). Several modifications have been made

to this particular apparatus, acquired by MIT in 1984, in order to use 35 cm2 samples,

refine data measurement procedures, and to enable fully automated testing so that

readings during consolidation/shear can be taken by MIT's central data acquisition

system.

The Geonor DSS apparatus was designed for testing undisturbed cohesive

samples of soils in order to evaluate the stress-strain behavior under simple shear

strain conditions. It enables soil specimens to be tested where in the major principal

stress axis rotates during shear while the specimen is kept under a condition of plane

strain. Plane strain conditions are often encountered in practical situations and the

horizontal portion of a failure surface can be simulated in the laboratory by means of

DSS mode of shearing. The test provides one dimensional consolidation parameters as

well as undrained strength and modulus values (after Ko or anisotropic consolidation

(CAU) i.e., by also applying a horizontal shear stress during consolidation) suitable for

embankment design and evaluation of anisotropy via the "ADP" Recompression

(Bjerrum, 1973) and the SHANSEP techniques (Ladd and Foot, 1974). Despite

inherent drawbacks of the apparatus (e.g. its inability to impose uniform states of

stress and strain in order to treat the specimen as a single element, as discussed in the

previous chapter), it is considered a valuable device for engineering practice since it
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provides consistent and reasonable estimates of one dimensional consolidation behavior

and average undrained shear strength parameters for stability analyses with simple

testing procedures at low operating cost (Ladd and Edgers, 1972; Ladd, 1981;

Germaine, 1985; Ladd, 1988; DeGroot, 1989).

Subsequent sections of this chapter contain a brief description of the testing

apparatus and experimental procedures, portions of which have been excerpted from

DeGroot (1989). The reader is referred to Ladd and Edgers (1972), and DeGroot (1989)

for comprehensive study of soil behavior in undrained direct simple shear.

3.2 Description of Testing Apparatus

Figure 3.1 schematically shows the original Geonor Model 4 DSS device. The

apparatus consists of the sample assembly and vertical and horizontal load units. The

sample assembly (Figure 3.2) comprises a top cap and bottom pedestal; both

containing porous stones for providing drainage at the top and bottom of the sample.

The stones also provide the frictional interface for transferring the horizontal shear

force during testing to the sample. The trimmed sample is confined within a wire

reinforced rubber membrane between the top cap and bottom pedestal.The sample is

surrounded by a plexiglas water bath for keeping it immersed. The device was

originally designed for testing samples with an area of 50 cm2 . This, however, is

incompatible with the diameter of sampling tubes typically used in North America (3

in. diameter or 45 cm 2); hence a 35 cm2 sample with an approximate height of 2.3 cm

is used at MIT.

The sample is incrementally consolidated to the desired stress state. Increments

of vertical stress are applied to the sample using dead weights loaded on to a lever arm

acting on the sample. The lever arm ratio is approximately 1:10. The vertical load was

originally measured with a displacement transducer (DCDT) mounted inside a proving

ring, however, this has been replaced during this research with a load cell (Figure 3.3)



to eliminate the possibility of any error in measurement of vertical load due to

compliance in the proving ring and to stiffen the system in order to improve height

control. The installation of the 1000 pounds capacity load cell stiffened the vertical

load measuring system which has further reduced the response time of the height

controller. Vertical displacements are measured with a dial guage/DCDT assembly

which is connected to the top loading platen adjacent to the sample. The DCDT is

connected to the dial guage so that vertical displacement readings can be made with

data acquisition system. The consolidation is performed under one dimensional loading

conditions (Ko--consolidation) since the wire reinforced rubber membrane prevents

lateral deformations. However, the apparatus can also be used to perform

anisotropically consolidated (CAU) tests by also applying a horizontal shear stress

during consolidation.

After consolidation, the sample is sheared by application of a horizontal force to

the top cap (i.e., the top of the sample moves relative to the bottom in a simple shear

strain mode). The top is driven at a constant rate of displacement and require force

measurement. However, stress control testing is also possible. The horizontal force was

originally measured with a proving ring and a dial guage. A DCDT was added for

recording reading by a data acquisition system. The compliance of the proving ring

resulted in variation of strain rate, specially at the beginning of a test. The proving

ring has therefore been replaced with a 500 pounds capacity load cell (Figure 3.3),

which has substantially improved the accuracy of stress-strain data measured during

initial stages of the test. The horizontal displacement of the sample top relative to its

fixed bottom is measured using a DCDT.

Shearing can be performed under drained or undrained conditions. Drained tests

are performed by deforming the sample under constant vertical stress at a strain rate

which is sufficiently slow to allow dissipation of excess pore pressure. However, it is

rarely practiced. Undrained shear is conducted by maintaining the volume of sample



constant during shear.Due to the high radial stiffness of the wire reinforced rubber

membrane, changes in the area of the specimen are negligible compared to the changes

in height. Therefore, only the height needs to be kept constant to run a constant

volume test. Sample height is kept constant by varying the vertical stress. Changes in

vertical stress, required to keep the height constant are assumed to be equal to the

pore pressure that would develop if the specimens were sealed and pore pressure

measurements made.

The sample height is maintained constant during undrained shear using a closed

loop servo control system consisting of a DCDT, a controller box, and an Electrocraft

analog motor. The DCDT (Collins * 0.125 in.) is positioned adjacent to the sample on

the opposite side of where the horizontal shear force is applied (Figure 3.4). It monitors

the height changes in the top loading platen which is directly connected to the top cap

of the sample assembly. The control box compares the DCDT reading to a reference

voltage and sends the amplified voltage difference to the Electrocraft motor driver.

The motor driver turns the motor at a rate which is proportional to the voltage

difference. The motor in turn drives a worm-screw mechanism that is connected to the

lever arm which applies the vertical load to the sample. Consequently, the vertical load

acting on the sample can be automatically changed in response to changes in the

sample height. Although the system is fairly efficient, a small change in height is

required to activate the system. It is a closed loop analog feedback system, which is

shown schematically in Figure 3.5. The control box was built by Dr. John T.

Germaine, Principal Research Associate and MIT's Geotechnical Laboratory Director.

The system does not correct for the apparatus compressibility during shear.

This can be done manually by gradually adjusting the reference voltage of the constant

height DCDT according to the vertical stress acting on the sample and the load

deflection curve (i.e., apparatus compressibility) of the device. However, this is not

typically done as a standard procedure. The variation in the sample height during
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shear is recorded by the vertical displacement DCDT. Chapters 6 and 7 discuss the

measured vertical deformation during shear for all the CK UDSS tests performed for
0

this research. The measured sample deformation indicate an average sample deflection,

at peak shear resistance, of +0.095% (compression) and -0.10% (expansion) of the

pre-shear sample height for normally consolidated and overconsolidated samples of

BBC, respectively (Figures 6.5 and 7.5). The measured vertical deflection during shear

is considered very small for clays and therefore ignored. However, this amount of

deflection would lead to a significant error in undrained tests on sand specimens.

Transducer readings during consolidation and shear are recorded by MIT's

central data acquisition system. The latest version of this system was installed in

August 1988. It consists of an NEC APCIV Power Mate 1 personal computer (IBM

PC/AT compatible) and Hewlett Packard # 3497A data acquisition control unit. All

readings are triggered and taken by the central data acquisition's main software

program and are subsequently transferred to 5 1/4 in. floppy disks for reduction and

plotting. The data reduction program used for this research was written by Dr.

Germaine.

Corrections are made to the measured data for apparatus compressibility during

consolidation and for piston friction and membrane resistance during undrained shear.

All consolidation displacements are corrected using the load deflection relationship for

the apparatus as the data are being reduced for each consolidation increment. The

measured horizontal resistance of a sample during undrained shear is corrected for

piston friction and membrane resistance using the following equation:-

Shear Resistance Correction (ksc) = 0.004 + 0.00075 (,y in percent) (3.1)

In the above equation, the first part represents the frictional component and the

second part represents the membrane resistance.



3.3 Experimental Procedures

The clay samples for this research came from batches of resedimented BBC.

Chapter 4 summarizes the batching procedures and engineering properties of the test

soil. This section describes the procedures used for undrained shear testing of cohesive

soils in the Geonor DSS apparatus. The experimental procedures can be divided into

three stages; preparation and setting- up of sample in the device, Ko-consolidation of

sample, and shearing of sample under constant volume conditions.

Each specimen of BBC is unwrapped from its aluminum foil cover and

protective wax coating and trimmed in MIT's humid room (About 15 to 20 gm of soil

are taken from corners of the specimen for 3 to 4 water content measurements by

drying overnight in a forced draught oven maintained at 105 CO). The sample is then

carefully placed on the bottom pedestal and into the Geonor trimming frame which

holds and aligns the cutting ring and sample membrane. The edges of the sample are

trimmed using the Geonor cutting shoe and a surgical knife. The sample is trimmed

into a circular shape of 35 cm2 area. The cutting shoe allows the top and bottom of the

sample to be smoothly trimmed with a wire saw to an approximate height of 2.3 cm.

The sample is then transferred to the testing laboratory where a vacuum pump is used

to place the wire reinforced rubber membrane around it. The top cap is placed on the

sample before the vacuum is released. At this stage the sample height is measured with

a micrometer and vertical and horizontal load cell zero readings are taken. The sample

is then assembled in the device and immediately a seating load is applied to the

sample. The DCDT zero readings are then recorded.

Vertical consolidation increments are applied to the sample through application

of dead weights on the vertical loading system lever arm. The sample is consolidated to

0.125 ksc before adding water to the bath. Consolidation continues using a load

increment ratio between 0.75 and 1.0 to obtain the desired stress history and final

stress state. The time-deformation data are recorded by the data acquisition system



for each consolidation increment and can be simultaneously plotted for consolidation

analysis. The consolidation increments are left on the sample usually between the end

of primary and 24 hours. The maximum consolidation stress (and also the final

consolidation stress for the overconsolidated samples) is applied for approximately 24

hours to allow at least one cycle of secondary compression prior to undrained shear.

On completion of Ko-consolidation, the sample is sheared under constant

volume conditions. The constant height DCDT is placed in its position adjacent to the

sample and the control box is turned on and allowed to warm up for about 30 minutes.

The vertical loading lever arm is pinned in place and dead loads are removed. The

Electrocraft motor is connected to the worm-gear which controls the force acting

through the lever arm thereby allowing the vertical stress to be changed in response to

changes in the sample height. At this stage the motor is turned on and a horizontal

shear stress is applied at a constant strain rate of approximately 5% per hour. All the

transducer readings are taken by the data acquisition system at a specified interval.

At the end of undrained shear, the pin holding the vertical loading lever arm is

removed and a seating load is applied to the sample. The sample is then brought back

to its pre-shear configuration and allowed to sit overnight. The following day the

sample is removed from the device and a final water content is taken (however, the

final water content is not equal to the water content during undrained shearing due to

post shear vertical straining).
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Figure 3.1: Geonor Model 4 Direct Simple Shear Device (Geonor DSS Manual)
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CHAPTER 4

TESTING MATERIAL AND LABORATORY TESTING PROGRAM

4.1 Preparation and Engineering Properties of Testing Material

Experimental parametric and material behavior studies require that soil

samples be uniform (e.g., have identical basic index properties such as grain size and

Atterberg limits) and have a well defined stress history. Natural soil samples, besides

being difficult to procure, rarely meet these requirements. Careful consideration of

various factors, namely: supply of samples, quality of samples (Germaine, 1982; Seah,

1990), and availability of prior data on the material (e.g. Ladd and Edgers, 1972) lead

to the conclusion that the research objectives could best be accomplished by using

reconstituted samples of Boston Blue Clay.

Boston Blue Clay is an illitic glacio-marine clay of low to medium sensitivity

deposited in the Boston Basin approximately 12,000 to 14,000 years ago (Kenny,1964).

Development in Boston and its environs provided opportunities of extensive research

on natural BBC at MIT, which stimulated interest in understanding its basic behavior.

Spatial variability in the properties of natural material made it difficult to generalize

the behavior of soil. The need therefore arose to reconstitute BBC samples under

controlled conditions in the laboratory. Wissa (1961) pioneered the technique of

resedimentation of BBC which has been modified and significantly improved by

subsequent researchers. Germaine (1982) developed the resedimentation technique to

produce fully saturated and uniform samples of BBC. The procedure has been further

refined and simplified by Seah (1990), as described in the following section.

4.1.1 Preparation of Resedimented Boston Blue Clay III

The BBC III used for this research (called 200 series source material) was

obtained from a depth of approximately 75 feet by augering during the construction of



a parking garage on Spring Street behind Kendall Square, Cambridge, Massachusetts

(Figure 4.1). The original soil was described as a "medium stiff, grey-green silty clay

with occasional partings" (Walbaum. 1988). The index properties of the natural soil

were obtained to ensure that the material properties were representative of typical

BBC. The soil was then subjected to a process of resedimentation prior to laboratory

testing.

The underlying concept of the resedimentation is to mix dry clay with a known

volume of water in the laboratory and then one dimensionally consolidate the slurry to

a known vertical stress, thus approximately simulating the actual resedimentation

process in the ground that took place during the glaciation period. The resedimentation

technique broadly comprises processing of natural soil to obtain clean, uniform fine

de-aired powder, mixing of soil with other ingredients in right proportion under

vacuum to form a uniform dilute slurry and consolidating the slurry in a cylindrical

container. The soil cake is then removed from the consolidometer, trimmed into small

specimens of required sizes, sealed and stored in a humid room.

The resedimentation process begins by wet seiving the natural soil through a US

Standard # 40 seive to remove any coarse sand, large shells or organic materials in the

clay. The soil is then oven dried at 105 Co and subsequently crushed to a fine powder

by a ball-grinding process ensuring that at least 95% of the crushed soil should pass

through US Standard # 100 seive to reduce clumps to a reasonably fine state and

eliminate all but fine sand size. This ensures consistency in the material size, which is

essential to achieve uniformity within the batch, and also facilitates pouring of soil into

the mixing chamber. A typical batch of BBC requires 15 kg of oven dried powder clay.

The other ingredients are 15 kg of distilled de-aired water to make a slurry at 100%

water content, 2 ml of phenol to prevent bacterial growth and some quantity of salt

(exact quantity to be determined by measuring the salt concentration of crushed

material) to ensure a pore fluid salt (Na C1) concentration of 16 g/l which is considered



optimum to produce a flocculated clay structure (i.e., to prevent segregation of the soil

particles during sedimentation) and yet minimize the potential for severe corrosion of

the testing equipment.

The layout of the batching equipment is given in Figure 4.2. A dilute slurry is

formed by thoroughly mixing the batch ingredients under vacuum in a plexiglas mixing

cylinder. It is then rained through a 1.25 cm diameter nylon tube into a 30 cm

diameter sedimentation chamber which consists of a plastic free fall cylinder and a

stainless steel consolidometer. The slurry is incrementally consolidated in the

consolidometer starting from a vertical stress of 0.063 ksc using a load increment ratio

of one. Each increment is maintained on the sample until the end of primary

consolidation. The last loading increment to one ksc is kept on the sample for one cycle

of secondary compression. The sample is then incrementally unloaded to 0.25 ksc (i.e.,

OCR = 4). The vertical stress of 0.25 ksc is maintained for about four days to ensure

complete dissipation of pore pressure before extrusion of the soil cake from the

consolidometer.

O'Neill (1985) and Seah (1990) found that the value of Ko (swelling) is 0.9 for

BBC at an overconsolidation ratio of four based on lateral stress oedometer and

triaxial tests results. This implies that the sample in the consolidometer is almost in a

hydrostatic state of stress, which would minimize the disturbance due to release of

shear stresses during extrusion. Seah (1990) also evaluated the effects of lubrication on

the inner walls of consolidometer prior to pouring the slurry. It was found that

application of a thick grease layer (greater than 1 mm thick) on the inner walls of the

consolidometer facilitates extrusion of the soil cake, besides improving the uniformity

of the samples and minimizing disturbance.

After the sample is extruded, it is trimmed into different sizes according to the

requirements using a wire saw and a special trimming device. Each specimen is then

protected and sealed to prevent any damage or loss of water by coating it with a 50-50



mixture of paraffin and petroleum jelly, wrapped in a plastic wrap, another wrap of

wax coated aluminum foil and a final thick layer of wax. During the entire process of

trimming and wrapping, the specimens are handled very carefully using glass plates to

minimize disturbance. The sealed specimens are then stored in a humid room which is

maintained at 95% to 100% relative humidity.

Germaine (1982) evaluated the quality of resedimented BBC samples prepared

by the procedure described above. Uniformity of individual batches was confirmed by

measurement of the variation in water content with depth, x-ray diffraction pattern

on different samples and the absence of stratification on air dried vertical slices. Seah

(1990) also verified uniformity within a batch by conducting hydrometer analyses at

varying depth which indicated no sign of particle segregation in the resedimented clay.

Seah (1990) reported extensive reference tests to quantify the batch to batch

variability of the resedimented BBC. Comparison of index properties (water content

and Atterberg limits), preconsolidation pressures and general consolidation

characteristics indicated little variation among the various batches.

Unconsolidated-undrained triaxial compression tests were performed on different

batches to check the degree of saturation. Measurements of Skempton's pore pressure

parameter B indicated full saturation, which was further verified by measurements of

phase quantities (i.e., measurement of water and soil weights and total volume of

specimens). The results of the measured initial effective stress of the sample and

consolidation strain data revealed some disturbance, which might have been caused

during initial extrusion/trimming or during setting up of test samples despite the

careful preparation procedure.

O'Neill (1985) confirmed by extensive laboratory testing that resedimented

BBC II exhibited changes in strength and compressibility as the time of storage

between batch preparation and testing is varied. This phenomenon was attributed to

the thixotropic nature of the material. She found that the susceptibility of the material
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to thixotropy (defined by Mitchell, 1976; as " an isothermal, reversible, time

dependent process occurring under conditions of constant composition and volume

whereby a material stiffens while at rest and softens or liquefies upon remolding ") can

be detected based on measured increases in preconsolidation pressure with storage

time. Seah (1990) conducted oedometer tests on samples of resedimented BBC III with

varying storage time to examine the possibility of any thixotropic hardening. Based on

tests results, which indicated no change in preconsolidation pressure with time, it was

concluded that BBC III is a non-thixotropic material.

It takes approximately 3 to 4 weeks to prepare a batch of BBC, which typically

yields two specimens for Directional Shear Cell, 12 to 16 DSS/oedometer specimens

and four triaxial specimens. Resedimentation of BBC, though expensive in terms of

labor and time, enjoys several advantages over field samples. One can produce a large

quantity of high quality, uniform, saturated samples, with a known stress history. The

resedimented samples of BBC III exhibit behavior which is non-thixotropic as opposed

to BBC II. Thus the resedimentation procedure is considered extremely useful for

research purposes.

4.1.2 Summary of Soil Properties

The new 200 series BBC is being extensively used for research at MIT. The

author and his contemporary researchers at MIT have used specimens from Batch 200

to 207 for various testing programs. Table 4.1 summarizes the results of specific

gravity, water content, Atterberg limits, clay fraction and salt concentration tests

performed on the soil samples from Batch 200 to 207. These tests provide an important

check on the uniformity of the batches. The results indicate very little variation among

the different batches of resedimented BBC III.

Tables 4.2 and 4.3 contain a summary of the results of batch consolidometer

and oedometer tests performed on various batches of BBC III. Besides the information
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about test specimens (i.e., initial height, initial water content, initial void ratio etc.),

the tables summarize the computed preconsolidation pressures (a'p), compressibilities

for various stress ranges and permeability change index, Ck (computed based on the

relationship, Ck = o(k); where, Ae = change in void ratio and k = coefficient of

permeability). The consolidation results indicate little variation among the various

batches in terms of compressibilities (C C and C ), with preconsolidation pressures
C, 1' S

fairly close to the applied values from the large consolidometer tests. The compression

index , Cc, decreases with increasing vertical effective stress (a'v) from a Cc value of

about 0.56 at a'v = 0.2 ksc to a Cc value of about 0.45 at a'v = 0.8 ksc (Table 4.2). A

similar trend is observed from oedometer tests on specimens of BBC (Table 4.3). The

samples of resedimented BBC used for this research came from Batch 204, 205 and

207. Figure 4.3 is a plot of the compression curves for four oedometer tests performed

on batches of resedimented BBC III used for this research. The curves show good

agreement in the consolidation results from various batches. The detailed consolidation

behavior of BBC III is discussed in the subsequent chapter.

Table 4.4 summarizes the results of eight unconsolidated-undrained triaxial

compression tests with pore pressure measurements performed on the samples from

resedimented BBC III. The tests were mainly performed to check the degree of

saturation. The results of all the tests indicate a "low" initial effective stress of the

samples which implies some sample disturbance (ideally, the measured effective stress

of the undisturbed soil specimens should be equal to the average effective stress of the

soil in the consolidometer during the last load increment, i.e., 0.25 ksc for Ko = 1).

The measured values of Skempton's pore pressure parameter B (B is equal to one for

all the tests) indicate that the samples were fully saturated.

There are three different series of resedimented BBC used for research at MIT

during the past three decades. Comparison of index properties of these series (Table

4.5) reveals a fairly consistent value of specific gravity, Gs, (ranging from 2.75 to 2.78)
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while a greater scatter is observed in Atterberg limits, especially among old batches.

The variation in Atterberg limits is related mainly to change in the liquid limit

(35-45%), whereas the plastic limit generally remains constant (20-23%).

Extensive research has been conducted at MIT on resedimented BBC II and

BBC III series during recent years. Table 4.6 summarizes the properties of BBC II,

BBC III, and natural BBC (Ladd and Luscher, 1965) in terms of index properties,

consolidation characteristics and some normally consolidated undrained strength

parameters. The comparison reveals small differences between the two series of

resedimented BBC for index properties, consolidation characteristics (except for

coefficient of consolidation, which is significantly higher for BBC II and the effect of

thixotropy on the consolidation behavior of BBC II) and normally consolidated

undrained strength parameters. The most important difference between the series, as

discussed earlier, is that BBC II exhibits thixotropic behavior while BBC III is

non-thixotropic. The comparison with natural BBC show good agreement in various

parameters, with the exception of coefficient of consolidation, which makes the

resedimented clay very useful for studying realistic behavioral trends. It is, therefore, "

strongly advised to recycle the BBC III, since this batch of clay has properties

representative of the natural material. Furthermore, this clay is non-thixotropic and

has a small rate of secondary compression which is ideal for research purposes" (Seah,

1990).

4.2 Laboratory Testing Program

The laboratory testing program was formulated to accomplish the research

objectives set forth in Chapter One. The experimental program on samples of

resedimented BBC consisted of four constant rate of strain consolidation (CRSC) tests,

five Ko-consolidated-undrained direct simple shear (CKoUDSS) tests on normally

consolidated soil, and six CKoUDSS tests on overconsolidated soil. The results of these



tests are presented and discussed in chapters 5, 6 and 7.

The CRSC tests were performed using the general purpose consolidometer

developed at MIT by Wissa et al. (1971) with a view to obtain well defined

compression curves for comparison of general consolidation characteristics of

resedimented BBC with CKoUDSS consolidation results. All the samples were loaded

at a constant rate of strain to a maximum vertical consolidation stress of about 20 ksc

(i.e., the maximum vertical consolidation stress which can be achieved with a sample

of area 31.6 cm2 using MIT's general purpose consolidometer) and then unloaded to

about 0.40 ksc. CRSC Tests No. 1 and 2 were also rebounded from a vertical stress of

about 4 ksc to 0.40 ksc before reloading to the maximum vertical consolidation stress.

At the end of each loading/unloading all the samples were equilibrated for 24 hours at

constant vertical stress before they were rebounded/reloaded. The loading program of

each test is given in Table 4.7.

CKoUDSS tests were performed on normally consolidated samples of

resedimented BBC using MIT's Geonor Model 4 DSS apparatus. The main objective of

these tests was to investigate the normalized undrained shear behavior of normally

consolidated samples under variable consolidation stresses. The minimum vertical

consolidation stress was chosen as 1.5 ksc (i.e., 1.5 x preconsolidation pressure of clay,

o'p = 1 ksc. This is the minimum vertical consolidation stress recommended by Ladd

and Foott, (1974) to obtain normally consolidated behavior as being 1.5 to 2 times the

preconsolidation pressure of the soil to reduce the adverse effects of the sample

disturbance). The maximum stress was about 12 ksc based on the capacity of the wire

reinforced rubber membrane which prevents lateral straining of the sample. All the

samples were subjected to undrained shear by keeping the volume of the samples

constant. The undrained shear was applied at a constant rate of strain of

approximately 5 % per hour (as recommended by Ladd and Edgers, 1972 and Ladd and

Foott, 1974). Table 4.8 gives an overview of CKoUDSS testing program on normally

a



consolidated samples of resedimented BBC III.

In the subsequent phase of the DSS testing program, samples were consolidated

well beyond the batch maximum past pressure to investigate the undrained shear

behavior of resedimented BBC at different OCR's along the swelling curve. Five

CKoUDSS tests were performed with a maximum past pressure of about 12 ksc at

OCR's ranging from 1 to 32 (maximum OCR of 32 was selected keeping in view the

minimum vertical stress required to prevent sliding between the top cap and the

sample). One CKoUDSS test was performed at -an OCR of 8 with a maximum past

pressure of 3 ksc to determine the influence of maximum past pressure on the

undrained shear behavior of overconsolidated samples of resedimented BBC. All the

samples were subjected to undrained shear in the manner as described above. A

summary of the tests conducted on overconsolidated samples of resedimented BBC is

contained in Table 4.9.



Table 4.1: Index Properties of resedimented BBC III (from Seah, 1990)

Batch a'v. * 'p t w LL PL PI t LI t Clay Fr. Salt Conc. Remarks
Number (ksc) (ksc) (M) (7) (7) (7) <2p,(Z) g/1

(Ground) - 44.90 22.45 22.45 - 52.1 1.98(g/kg) CGs = 2.785 (97%
*0.14 *0.07 *4.1 *0.10 passed S. No.100)

200 1.00 1.04(3) 41.10 45.90 21.95 23.95 0.80 22.13
*0.04 *0.80 ±0.35 *2.02

201 1.00 0.98(1) 39.42 44.82 21.19 23.63 0.77 57.6 14.53
*1.90 *0.35 *1.1 *1.43

202 1.03 0.99(2) 40.67 45.46 22.27 23.19 0.79 15.05
*0.02 *0.40 *0.62 *0.95

203 1.00 1.00(1) 40.70 44.50 21.18 23.32 0.84 15.90
*0.50 *0.58 *3.20

204 1.01 0.97(2) 40.19 45.60 21.47 24.13 0.78 13.63
*0.02 *0.40 *0.58 *3.02

205 1.00 1.00(2) 40.66 45.01 21.62 23.39 0.81 15.69
*0.00 *0.27 *0.63 *3.65

206 0.98 0.98(2) 41.24 45.17 22.10 23.07 0.83 17.38
*0.00 *0.30 *0.64 *2.52

207 1.00 1.00(1) 40.75 45.12 22.15 22.97 0.81 16.25
*0.10 *0.57 *1.73

Mean, _ _ 40.59 45.20 21.74 23.46 0.82 16.34
S.D. *0.57 *0.44 *0.44 *0.42 *0.02 *2.60

Notes: *

t

Maximum applied vertical stress in the batch consolidometer.
Preconsolidation pressure obtained from Casagrande Construction method.
Calculated from the mean.
No Standard Deviation means one measurement only.
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Table 4.2: Results of Batch Consolidometer Tests for Resedimented BBC III
(from Scah, 1990).

latch II,* wt ect C 'vm* Cc (stress range,ksc) Cs (stress range,ksc) Ck
No. from Remarks

(cm) (7) (ksc) 0.125-0.25 0.25-0.50 0.50-1.00 1.00-0.50 0.50-0.25 e-lgk

200 10.272 41.10 1.145 1.00 0.482 0.509 0.409 - 0.010 0.686

201 13.490 39.42 1.100 1.00 0.641 0.419 0.522 0.010 0.020 0.748 low wc

202 13.822 40.67 1.132 1.03 0.568 0.453 0.453 0.011 0.006 0.813

203 13.757 40.70 1.133 1.00 0.568 0.608 0.518 - - 0.928

204 13.238 40.19 1.119 1.01 0.512 0.487 0.463 - - 0.676

205 13.682 40.66 1.132 1.00 0.661 0.508 0.402 - - 0.772

206 11.646 41.24 1.148 0.98 0.548 0.439 0.416 0.023 0.025 0.728

207 14.624 40.75 1.135 1.00 0.477 0.412 0.409 0.023 0.023 0.659

Mean - 40.59 - - 0.557 0.479 0.449 0.017 0.017 0.751
S.D. *0.57 I0.068 *0.064 *0.049 *0.007 *0.008 [0.088

Notes:
* Final measured sample height.
I Final water content from Table 4.1.
t Final void ratio computed based on Gw
+ Maximum applied vertical stress.

= Se, assuming S = 1.
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Table 4.3: Results of Oedometer Tests on Samples
(from Seah, 1990)

from Batches of BBC III
Sheet 1/2

Test Batch Age ei wis a'p CR (stress range,ksc) RR SR RR CRI Ck
No. Label ts SR RR from

(days) (7) (ksc) 1-2 2-4 4-8 8-2-8 16-2 fCR=4 e-lgk
1 200-11 23 1.127 40.47 1.05 0.187 0.162 0.141 0.012 0.015 0.76 11.8 0.44

2 200-2 24 1.179 42.33 1.08 0.152 0.173 0.139 0.010 0.018 0.54 13.9 0.49

3 200-3 79 1.160 41.66 1.00 0.187* 0.154 0.138 0.015 0.015 1.06 9.2 0.43

4 201 1 1.168 41.94 0.98 0.147* 0.165 0.138 0.012 0.016 0.77 11.5 0.57

5 202 9 1.164 41.80 0.98 0.159* 0.165 0.154 0.012 0.018 0.67 12.8 0.50

6 202-D2 1.133 40.70 1.00 0.189t 0.30

7 203-D 1.139 40.90 1.00 0.183t 0.33

8 204-T3 61 1.135 40.76 0.98 0.176* 0.156 0.152 0.025 0.010 2.45 6.1 0.45

9 204-B4 61 1.127 40.47 0.95 0.182* 0.155 0.165 0.008 0.015 0.55 20.6 0.55

10 205-T 248 1.115 40.03 1.00 0.156* 0.159 0.142 0.012 0.013 0.93 11.8 0.49

11 205LSO 257 1.115 40.04 1.00 0.172* 0.164 0.135 0.011 0.020 0.55 12.5 0.49

. .... ... .. .. . . - .



Table 4.3 (Cont.)

Note: I Test Number on the Batch.
2 Results obtained from DSS consolidation.
3 Specimen taken at the top of the Consolidometer.
4 Specimen taken at the bottom of the Consolidometer.
s Based on average of 3 to 4 measured water content.
CR taken from 1.2-2 ksc load increment.

I CR taken from 4-8 ksc load increment.
t CR taken from 1.5-3 ksc load increment.

Sheet 2/2

Test Batch Age ei wi U'p CR (stress range,ksc) RR SR RR CRI Ck
No. Label ts SR RR from

(days) (7) (ksc) 1-2 2-4 4-8 2-8-2 16-2 OCR=4 e-lgk

12 206-T1 1 1.147 41.18 0.98 0.134 0.150 0.145 0.013 0.015 0.88 11.2 0.47

13 206-B 1 1.145 41.11 0.98 0.139 0.156 0.155 0.014 0.016 0.88 11.1 0.57

14 J207-T 40 1.114 40.001 1.00 10.132* 0.159 0.152 1 0.016 0.017 0.96 9.5 0.50

lean - - - - 0- .160 0.164 0.146 10.013 0.016 0.92 1 1.8 0.47
S.D * ___f 0.020 *0.011 *0.009 *0.004 *0.002 *0.51 *3.4 *0.08

- "~ -~---1~^-



Table 4.4: Unconsolidated-Undrained Triaxial Compression Tests on Resedimented BBC III
(from Seah, 1990)

Test Batch Initial 0's* B Su ca(%) at Type of Remarks
Number Number Wc(%) (ksc) value (ksc) Failure Failure

1 203 41.0 0.125 1.00 0.175 2.1 Bulge

2 204 40.5 0.068 1.00 0.083 1.2 Wedget low uc

3 204 41.0 0.110 1.00 0.171 2.4 Bulge

4 205 41.0 0.037 1.00 0.121 1.2 Wedget low uc

7 206 41.0 0.113 1.00 0.202 4.0 Bulge

8 207 40.8 0.060 1.00 0.112 1.5 Vedget low Uc

9 205 40.5 0.138 1.00 - - Half Height Sample

10 207 40.5 0.121 1.00 Half Height Sample

Notes:
* Initial effective stress.
t Distinct rupture surface.
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Table 4.5: Index Properties of
(after Fayad, 1986;

the Different Batches of Resedimented BBC
from Seah, 1990)

Year Researchers Series Source Gs LL PL PI Clay Fr. Salt Remarks
Batch (%) (%) (%) <2A (%) (g/l) Remarks

1961 Bailey Ia MIT 1139 2.77 30.0 17.5 12.5 40 2-3 Low PI
34.7 17.7 17.0 35

1963 Jackson 36.2 19.5 16.7 16.7 Low PI
1964 Varallyay S4 32.6 19.5 13.1 Low PI

S5 33.3 20.4 12.9 35 16.8
S6 32.8 20.3 12.5 16.0

1965 Ladd R.S. Ib 2.77 45 22 23 16

1965 Preston S1 2.77 45.6 23.4 22.2 35 24

1966 Braathen S2 2.77 45.4 23.1 22.3 22

1967 Dickey 34.5 23.9 19.6

1970 Kinner 100 2.78 43.5 19.6 23.9 50
150 43.5 19.6 23.9
200 38.1 17.8 20.3 52 8
300 39.7 21.6 18.1 10
400 39.4 21.3 18.1 52 10
800 41.5 19.5 22.0 48 16
900 41.2 18.7 22.5 54 16

1000 41.1 19.5 22.6 58 16
1100 42.0 20.6 21.4 16
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Table 4.6: Comparison of Experimental Data Between the Resedimented Boston Blue Clay
and Natural Boston Blue Clay (from Seah, 1990)

Experimental Resedimented Resedimented Natural BBC
Parameters BBC III BBC II* (MIT Campus)l

Index Gs 2.78 2.78 - 2.75
Properties

LL(Z) 45.210.4 (8) 41.3± ? (5) 44.4*5.4 (18)

PL(Z) 21.7±0.4 (8) 22.1+ ? (5) 22.6*2.8 (18)

Consolid. Cc 0.34*0.02(12)1 0.33*0.02 (7) 0.37*0.08(30)
Properties

Cr 0.0340.01(12)2 0.03±0.001(2) 0.06*0.02(13)

Cs 0.03*0.01(12)3 - 0.06*0.01(30)

Cv(4-8) 0.0024 0.004 0.0095
(cm2/s) *0.0005(12) ? (7) *0.0030 (4)

Triaxial Su/a',, 0.318*0.008(3) 0.317*0.004(2) 0.32*0.01 (2)
(CKoUC)

Oa(%) 0.147*0.029 0.18340.023 0.28*0.11
OCR = 1

Af 0.4440.09 0.53*0.04 0.55*0.04

Triaxial Su/c'vc 0.135 (1) 0.156 (1) 0.143 (1)
(CKoUE)

Ca(M) 14.3 13.5 11.6
OCR = 1

Af 1.16 1.14 1.16

Notes:

Data from O'Neill (1985)
Data from Ladd & Luscher (1965)
Values taken from a stress of 4-8 ksc
Values taken from a stress of 2-8 ksc
Values Taken from a stress of 16-2 ksc

Parathesis = number of tests.
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Table 4.7: Loading Programs of Constant Rate of Strain Testing

Test Batch tl  2 Rate of Strain Loading Program
S c

Number Number (Days) (M) (Per Second)

CRS-1 204B4  403 39.58 2.26x10-6  Loaded at constant rate of strain
to 4 ksc then rebounded to 0.40 ksc
before reloading to 20 ksc.Finally
unloaded to 0.40 ksc. Equilibrated
for 24 hrs at 4 ksc, 0.40 ksc and 20

ksc vertical consolidation stresses
3

CRS-2 204B 416 39.55 2.27x10-6  Same as CRS Test No.1.

CRS-3 207MT5  61 41.02 2.2940-6  Loaded at constant rate of strain
to 20 ksc, equilibrated for 24 hrs
at constant vetical stress and then
to 0.4 ksc.

CRS-4 205B 377 39.59 2.02x10-5  Same as CRS Test No. 3.

Notes: 1. Elapsed time of storage = t - t -5 (O'Neill,1985),
s r C

tr = Date on which sample reconsolidated to a'= 0.25 ksc in the laboratory.

t = Date on which the final batch consolidation stress of a'=0.25 ksc was applied
C

Initial water cotent.
Some fluctuation in vertical stress occurred due to defective Bellofram and
variation in temperature during 24 hours.
Specimen taken at the bottom of the consolidometer.
Specimen taken at the middle top of the consolidometer.

_____ ____ __ 4
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Table 4.8: Overview of CKoUDSS Testing Program on Normally Consolidated Samples of BBC III.

Notes: 1.
2.
3.
4.
5.

As explained under Table 4.7.
Initial water content.
Vertical consolidation stress.
Specimen taken at the top of the consolidometer.
Specimen taken at the middle bottom of the consolidometer.

Test Batch ti  2 ff', v3 Remarks
S C

Number Number (Days) (%) (ksc)

DSS 14 207T' 53 40.55 11.992 .dy/dt = 5% per hour for all
tests.

DSS 18 207MB5  75 40.66 9.030

DSS 22 207MB 85 40.64 5.992

DSS 25 207B 92 40.78 2.955

DSS 31 2051 302 40.48 1.441
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Summary of CKOUDSS Tests Performed on Overconsolidated Samples of BBC III.

Notes: 1.
2.
3.
4.
5.
6.
7.

As explained under Table
Initial water content.
Iaximum applied vertical

4.7.

effective stress.
Vertical consolidation stress.
OCR = ''vm/f'vc
Specimen taken at the bottom of the consolidometer.
Specimen taken at the top of the consolidometer.

Test Batch tl 2 Stress Histor Remarks
C

Number Number (Days) (%) u'vM3  OVC4  OCR5
(k c) (ksc)

DSS 37 205B6  364 39.70 11.407 3.512 3.248 .d7/dt = 5% per hour for all
tests.

DSS 40 204T7  540 40.12 11.394 5.798 1.965

DSS 44 204M 554 39.75 11.420 1.447 7.892

DSS 48 204T 562 40.21 11.342 0.772 14.692

DSS 50 204B 570 40.00 2.956 0.379 7.823

DSS 51 204B 574 39.80 11.897 0.373 31.895
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Figure 4.1: Location of the Site from where Boston Blue Clay III was collected

(from Seah, 1990).
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Figure 4.2: Schematic of General Layout (from Seah, 1990).
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OEDOMETER TESTS ON BBC III
(Batches 204,205&207)
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Figure 4.3: Compression Curves (cv versus log ' vc) from Oedometer Tests on
Batch 204, 205 and 207 of BBC III (after Seah, 1990).
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CHAPTER 5

CONSOLIDATION BEHAVIOR

5.1 Introduction

MIT's Geonor Direct Simple Shear apparatus was used to perform

Ko-consolidated-undrained shear tests with the intended purpose of investigating the

normalized stress-strain-strength behavior of resedimented Boston Blue Clay. The

testing equipment and procedures are described in Chapter 3. As part of the

SHANSEP (Stress History And Normalized Soil Engineering Properties) testing

program, the first phase of the tests consisted of consolidating samples into the

normally consolidated range. The maximum consolidation stress (and also the final

consolidation stress for the overconsolidated samples) was applied for approximately 24

hours to allow at least one cycle of secondary compression prior to undrained shear.

The specimens were unloaded to the desired OCR in the case of tests on

overconsolidated samples.

The Geonor DSS has been shown to give the same Ko-consolidation response as

measured in a conventional oedometer test (Ladd and Edgers, 1972; Ladd, 1981;

Germaine, 1985). The consolidation data from CKoUDSS tests are, therefore, presented

and analyzed in this chapter to verify this for the resedimented BBC III. Four constant

rate of strain consolidation (CRSC) tests were also performed on samples from the

same batches of resedimented BBC in order to obtain well defined compression curves

for comparison with CKoUDSS consolidation results. Appendix C discusses the

consolidation behavior of resedimented BBC in CRSC testing.

The consolidation data obtained from the CRSC tests conducted at standard

strain rates compared well with the EOP incremental oedometer compression data on

BBC III. The salient conclusions drawn based on the experimental study on

consolidation at constant rate of strain for 200 series of Boston Blue Clay are



summarized below:-

* The strain rate best suited for resedimented BBC to be used in CRSC

tests in order to obtain the same preconsolidation pressure as obtained

from EOP incremental tests is that which results in Ub/(v values

between 2% to 5%.

* CRS consolidation performed at significantly faster strain rates that

result in Ub/a, values greater than 5% can result in values of a'p which

are higher than obtained from oedometer EOP curves.

* Janbu's (1969) method for determining preconsolidation pressure yields

much higher values compared to Casagrande's (1936) construction

method. Jonas's (1970) technique gives a range of a 'p values

* The values of virgin compression ratio obtained from "standard" CRSC

tests on resedimented BBC III decrease significantly with increase in the

consolidation stress and compare well with values obtained from EOP

oedometer curves at high stresses. CRSC test conducted at a strain rate

approximately 9 times faster than standard test gave a significantly

higher virgin compression ratio.

* Standard CRSC tests yield higher coefficient of permeability than those

obtained from incremental consolidation tests.

5.2 Presentation of Consolidation Results

The clay samples for this research came from Batches 204, 205, and 207 of

resedimented BBC III. Chapter 4 summarizes the batching procedures and the

properties of the test soil. Appendix A contains the summary of stress-deformation

data for each increment, compression curves for the individual tests and the tabulated

data from consolidation phase of the CKoUDSS tests. This section will present the



results for the consolidation phase of DSS testing.

The experimental phase of this research was spread over a period of

approximately seven months. The specimens from Batches 207, 205, and 204 were

tested in that order (see laboratory testing program given in Chapter 4). Although the

batching technique produces essentially uniform specimens and very little variability is

observed among the various batches (as discussed in Chapter 4), significant variation is

observed in the consolidation data obtained from DSS tests on specimens from different

batches. It is, therefore, considered more appropriate to present the consolidation

results batchwise to evaluate the fundamental cause of variation in the test results.

Tables 5.1, 5.2, and 5.3 contain the consolidation results from DSS tests on

Batch 204, 205, and 207, respectively. The consolidation results from all the DSS tests

are summarized in Table 5.4. The tables present the following important results:

The preconsolidation pressure, a'p, determined by Casagrande's (1936)

construction method. The strain (rather than void ratio) versus log a' v

plots have been used to determine the values of a'p since Ladd and

Foott (1974) suggested that v, versus log a',,vc plots yield more reliable

values of preconsolidation pressure.

The virgin compression ratio (CR), defined as the slope of the strain

versus log a'vc in the normally consolidated region. The values of CR for

various stress ranges are given since its value changes with stress level

(Seah, 1990).

Swelling ratio (SR), defined as shown in Figure 5.1, is given for various

stress ranges along the swelling curve.

The rate of secondary compression (Cae),defined as the change in

vertical strain per log cycle of time after the end of primary

consolidation.



* The ratio of Cae/CR for comparison of results with the prior data on

BBC and the range of values reported for the inorganic clays.

The data are also presented in the form of vertical strain versus log a' vc plots

for comparison. Figures 5.2, 5.3, and 5.4 are the compression curves from the DSS tests

on Batches 204, 205, and 207, respectively. Figure 5.5 compares the compression data

on vertical strain versus log a'v, plot for all the DSS tests performed for this research.

5.3 Discussion on the Consolidation Behavior of BBC III

5.3.1 Preconsolidation pressure

The values of preconsolidation pressure, a'p, given in Tables 5.1, 5.2, and 5.3

for the DSS tests on Batches 204, 205, and 207, are fairly close to the values actually

applied to the large consolidometer (Table 4.2). Table 5.4 compares the average L 1

SD values of a'p determined for DSS tests with the results of the incremental and

standard CRSC tests on samples from the same batches of BBC. The values of a'p

determined from DSS tests are in good agreement with those obtained from the

incremental and CRSC tests.

5.3.2 Compression Curves

Figures 5.2 through 5.4 compare the consolidation data using ev versus

logarithm of a'v plots for DSS tests on Batches 204, 205 and 207, respectively. The

compression curves indicate a remarkable consistency within the tests performed on

each batch. The comparison of the consolidation ev versus log a'vc plots from all the

DSS tests (Figure 5.5) indicate a significant variation among compression curves from

tests on Batches 204 and 205 versus 207. In particular, Batches 204 and 205 show

considerably more consolidation strains than tests on Batch 207 (e.g., a difference of



approximately 2.5 % at a'-vc - 12 ksc).

Figures 5.6 and 5.7 are the plots of vertical strain versus logarithm of vertical

stress for three Geonor DSS ( from Werner, 1990) and four oedometer tests (from Seah,

1990) respectively, performed on the specimens from the same batches of clay. Figures

5.8 through 5.10 compare the batchwise compression curves from DSS tests performed

for this research and those obtained from the available data for DSS and oedometer

tests (Werner, 1990 and Seah, 1990). The comparison show that:

* the compression curves for the writer's DSS tests on Batch 204 compare

well with those performed by Werner, but show more consolidation

strains than oedometer tests on the same batch of clay at corresponding

stress levels (Figure 5.8);

* in Figure 5.9, the writer's DSS tests on Batch 205 give considerably

higher consolidation strains than the oedometer test on the same batch

of clay;

* the compression curves in Figure 5.10 from the writer's four DSS tests on

Batch 207 compare vary well with the oedometer test, whereas Werner's

DSS test on the same batch of clay gives significantly larger

consolidation strains than the oedometer test;

the DSS tests performed for this research on Batch 207 compare very

well with the range of compression curves from four oedometer tests on

Batches 204, 205 and 207 (Figure 5.11; the small difference observed in

the compression curves from the DSS tests and the range of oedometer

tests, especially during the initially stages of the tests, is due to the

greater seating error in the DSS because of the fixed top cap compared to

the oedometer tests in which case the ball seating reduces the error and

the error in determining the end of primary by Casagrande's method ,

__



since the load increments in the DSS tests were generally left for

approximately 2 to 6 hours, with the exception of the last increments),

whereas DSS tests on Batches 204 and 205 give significantly larger

consolidation strains than the DSS tests on Batch 207 and the oedometer

tests.

Figure 5.12 shows a remarkable agreement in the compression curves from the

DSS tests on Batch 207 and the three CRSC tests on Batches 204 and 207, performed

at strain rates which resulted in the values of ub/o, between 2% to 5% in the normally

consolidated region. However, the compression curves from the DSS tests on Batch 204

and 205 indicate considerably larger consolidation strains than the CRSC tests at

corresponding stress levels.

5.3.3 Analysis of Discrepancies in DSS Compression Curves

Unfortunately, the large variation in the consolidation results from the DSS

tests on different batches was not detected until the end of the testing program. A

detailed investigation was than carried out to identify and evaluate the causes leading

to the variation in the consolidation results from the different DSS tests. The possible

reasons for this unexpected behavior are identified and evaluated in the succeeding

paragraphs.

The consolidation results from DSS tests on Batches 204 and 205 showed

considerably larger strains than measured in the DSS tests on Batch 207. The variation

among batches was suspected as a cause of this behavior. However, based on the

following evidence, batch variability is not considered to be the main cause leading to

this behavior:

0 The technique of reconstituting the samples of BBC under the controlled



laboratory conditions was initiated at MIT by Wissa (1961). It has been

consistently evaluated and improved over the past three decades. The

specimens for this research came from the batches of BBC III which were

produced using the technique developed by Germaine (1982) and further

refined by Seah (1990). Extensive laboratory testing by Germaine and

Seah indicated very little variability among batches produced using the

latest resedimentation technique (see Chapter 4 for detail discussion).

* The consolidation results from DSS tests on Batch 207 compared well

with the oedometer tests on all the batches of the new 200 series BBC

and also with the CRSC tests on Batches 204 and 207 (Figure 5.12).

* The DSS tests performed by Werner on specimens from Batch 204 and

207 show considerably more strains than measured in the writer's DSS

tests on specimens from Batch 207.

Sample disturbance is known to result in an increase in consolidation strain at a

given stress level (e.g., Ladd 1973), but it is also not considered to be the significant

factor in this case because of the following reasons:

* Very careful specimen preparation procedures are followed at MIT to

minimize disturbance (see Chapter 3), which is evident from the

remarkable consistency observed in the compression curves for the

author's DSS tests on the specimens from various batches (Figure 5.5.)

and from the CRSC tests (Figure 5.12).

0 It is known that sample disturbance may give a lower estimated

value of cr'p from Casagrande's (1936) construction method and a

decrease in the compressibility in the virgin compression region (e.g.,

Jamiolkowski et al. 1985), but these trends were not observed from the

Ed



experimental results under discussion (Figure 5.5 and Table 5.4).

The possibility of excessive consolidation strains due to the lateral deformation

of the wire reinforced rubber membrane was also considered and evaluated. The

specimens in the Geonor DSS are confined in 0.56 mm thick rubber membranes,

reinforced with 0.15 mm diameter constantan wire at a spacing of 0.5 mm having

Young's modulus of 1.55 x 108 kn/m2 . DeGroot (1989) measured the lateral

deformation of the membrane using two displacement transducers to measure the

external diameter of the membrane during consolidation. At u'vc = 3 ksc, the radial

strain of the membrane was found to be 0.07%. This radial strain corresponds to an

increase in ev of 0.15% , which is considered insignificant. Vucetic (1984) measured the

radial strain of the Geonor DSS constantan membrane using a r tape and found that,

for a very soft silty clay, the radial strain averaged 0.16% for o'vc = 1.02 ksc. Figures

5.11 and 5.12 show reasonable agreement in the consolidation results for Batch 207

from DSS tests and from oedometer and CRSC tests, even at higher consolidation

stresses (i.e., o'vc - 8 to 12 ksc). Hence, it is concluded that the membrane effects are

very small and negligible compared to the discrepancy in the vertical strains for the

DSS tests on Batches 204 and 205.

Having determined that the above mentioned factors were not the source of

variation in the consolidation results, the focus shifted to the apparatus

compressibility. Tests on a steel specimen indicated that the porous stones used in the

Geonor DSS, which are made of cintered bronze, were bent and this bending influenced

the vertical strains to an indeterminate degree. The evaluation of consolidation data, in

the light of this discovery, revealed that DSS Test 31 and those run subsequently

(including DSS 36,38, and 39 performed by Werner, 1990) showed considerably larger

strains than those measured in the DSS tests performed earlier (the tests on Batch 207

all involved DSS tests of lower numbers, i.e., ranging from 14 to 25; Figure 5.4). Hence,

E
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it is concluded that the bent porous stones probably influenced the measured vertical

strains for the DSS tests on Batch 204 and 205 (i.e., DSS test numbers ranging from 31

to 51).
Based on the above discussion and the consolidation results from DSS tests on

Batch 207, it is appropriately concluded that the Ko-consolidation behavior of BBC

III in the Geonor DSS can be determined with an acceptable accuracy. A typical

compression curve for the BBC in the DSS tests based on the average results from the

four DSS tests, not affected by the bent porous stones, is shown in Figure 5.13. The

influence of bent porous stones on the vertical consolidation strains measured for the

DSS tests on Batches 204 and 205 can not be determined accurately. To eliminate the

possibility of error in consolidation strains, the cintered bronze porous stones should

either be flattened before each test or preferably replaced with ceramic porous stones,

which break instead of bending if dropped accidentally or use some quality control

standard prior to each test in order to confirm the flatness of stones.

5.3.4 Compression Ratio and Swelling Ratio

Tables 5.1 to 5.3 show that the DSS tests on each batch of clay yield very

consistent results in terms of compressibilities (CR and SR), (Note: But the values of

CR vary between batches due to the problem with bent stones discussed in Section

5.3.3). The virgin compression ratios decrease with increase in the consolidation stress.

Table 5.4 compares the DSS consolidation results with other results from DSS and

oedometer consolidation tests by Werner (1990) and Seah (1990) on the same clay. The

virgin compression ratio from DSS tests on Batch 207 compare well with those from

the oedometer tests, except at the stress levels from 1.2 to 2 ksc for which oedometer

tests give lower values of CR. The CR values from DSS tests on Batches 204 and 205

are significantly larger than those obtained from oedometer tests at the corresponding

stress levels and are in agreement with results from the DSS tests performed by



99

Werner on Batch 204 and 207, (Note: the latter agreement suggests that the bent

stones all had similar compressibilities).

Table 5.4 shows a good agreement in the values of compression ratio from the

DSS tests on Batch 207 and the three CRSC tests on Batches 204 and 207.. However,

the the DSS tests on Batches 204 and 205 give significantly larger values of

compression ratio than the CRSC tests at the corresponding stress levels. These DSS

tests also tended to give somewhat larger values of the swelling ratio. This difference is

believed to be due the error caused by bent stones.

5.3.5 Rate of Secondary Compression

The computed values of the rate of secondary compression, Cae, for the DSS

tests range from 0.30% to 0.56%, with a ratio of Cae/CR varying from 0.016 to 0.035

(the lower values are obtained from DSS tests on Batch 207). The Cac value for the

each test has been computed for the maximum increment of stress, which was left on

the sample for approximately one 24 hours. Seah (1990) obtained Cae values ranging

from 0.26% to 0.60%, with a mean ratio of Cae/CR equal to 0.02 (Cac/CR = 0.017 to

0.045) from 13 oedometer tests on BBC III (Table 4.4). Mesri and Choi (1985)

reported that for the majority of inorganic soft clays this ratio ranges from 0.03 to

0.05. The ratio of Cae/CR from the DSS tests compares well with the average values

obtained from oedometer tests on the same clay, but is lower than the values reported

by Mesri and Choi. The Cac values for the DSS tests have been computed from the

last increment of stress, which was left on the sample for approximately 24 hours (a

typical settlement-time curve of a consolidation increment in the DSS is shown in

Figure A.12) .

O'Neill (1985) found for BBC II that Cae/CR averaged 0.035. The comparison

between the two series indicate that BBC III is a non-thixotropic material and has a

higher average value of virgin compression index than BBC II, which is closer to the

11
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average values for natural BBC (Table 4.6). Hence, it may be concluded that BBC III

exhibits a lower rate of secondary compression than found for many inorganic soft

clays.

5.4 Summary and Conclusions

The experimental results from the consolidation phase for the Geonor DSS

testing have been presented and evaluated in this chapter. The analysis of the tests

data reveal that the porous stones used in the Geonor DSS were bent during DSS

testing on samples from Batches 204 and 205, which resulted in larger vertical

consolidation strains than those measured in the DSS tests performed on samples from

Batch 207 and from the oedometer tests on the same batches of clay. However, the

consolidation data from Batch 207 compare very well with the data obtained from the

oedometer and the CRSC tests on BBC III. Hence, the conclusions are mainly based on

the consolidation results of the DSS tests on Batch 207 and are valid subject to the

condition that the possibility of error in the consolidation data due to the bending of

porous stones, used in the Geonor DSS, is eliminated.

The following conclusions are drawn for the one dimensional Ko-consolidation

behavior of BBC III in the Geonor DSS apparatus:

a The test gives consistent and good estimates of the compression

response. The Ko-consolidation parameters obtained from the DSS tests

on BBC are in reasonable agreement with those obtained from EOP

incremental oedometer curves.

* The consolidation results from the Geonor DSS show very good

agreement with CRS consolidation at strain rates that result in the

values of ub/lav between 2% to 5% in the normally consolidated range.

The virgin compression ratio (CR) for resedimented BBC III decreases

i
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with increase in the stress level.

0 The new 200 series BBC exhibits a lower rate of secondary compression

than BBC II and the ratio of Cae/CR for BBC III falls somewhat below

the range found for most inorganic soft clays.

It is recommended that the porous stones used in the Geonor DSS, which are

made of cintered bronze, should either be flattened before each test, or preferably

replaced with ceramic porous stones which will break instead of bending if accidentally

dropped. This will reduce the possibility of a serious error in the measured

consolidation strains, thus improving the reliability of data obtained from the Geonor

DSS



Table 5.1: Consolidation Results of Geonor DSS Tests on Batch 204 of BBC III

wc(7%) a'vc CR (Stress Range in ksc) SR (Stress Range in ksc)
Test Cae Cac
No. u'p OCR 1.2-2 2-4 4-7 7-12 12-6 12-3 12-1.5 12-0.75 12-.375 (7)

(ksc) CR

40.12 5.798
DSS40 0.212 0.189 0.168 0.160 0.013 - - - 0.556 0.035

0.92 1.965

39.75 1.447
DSS44 0.200 0.187 0.172 0.171 0.014 0.018 0.022 - - 0.540 0.032

0.98 7.892

40.21 0.772
DSS48 0.195 0.183 - 0.179 0.013 0.018 0.023 0.026 - 0.512 0.029

0.98 14.692

40.00 0.379
DSS 50 0.203 - - - 0.011 0.015 0.019 - 0.393 0.019

1.03 7.800

39.80 0.373
DSS51 0.200 0.186 0.179 0.179 0.004 0.015 0.020 0.023 0.026 0.392 0.022

1.05 31.904

39.98
Mean 0.20 - 0.202 0.186 0.173 0.172 0.011 0.017 0.021 0.025 0.026 0.479 0.027
±1 SD 0.99 - 0.006 0.002 0.006 0.009 0.004 0.002 0.002 - - 0.080 0.007

0.05

Notes 1. Ratio of Cae/CR computed for last increment.
2. CR data affected by stone bending.
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Table 5.2: Consolidation Results of DSS Tests on Batch 205 of BBC III

Wc(%) ,'ve CR (Stress Range in ksc) SRt
Test Caf CaG
No. a'p OCR 1.2-2 2-4 4-7 7-12 12-6 12-3 () ---

(ksc) CR

40.48 1.441
DSS31 - 0.448

1.08 1.00

39.70 3.512
DSS37 0.187 0.185 0.167 0.170 0.012 0.015 0.410 0.023

0.98 3.248

Mean 40.09 - 0.187 0.185 0.167 0.170 0.012 0.015 0.429 0.023

Notes: 1. Ratio of Cae/CR is computed for last increment.
2. CR data is affected by stone bending.
t Stress range in ksc.
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Table 5.3: Consolidation Results of Geonor DSS Tests on Batch 207 of BBC III

Wc(%) a'vc CR (Stress Range in ksc) CaE
Test (ksc) CaE --- Remarks

No. 0'p 1.2-2 2-4 4-7 7-12 (M) CR
(ksc) OCR -

40.55 11.992 Excellent ev data.
DSS14 0.2140 0.1607 0.1504 0.1676 0.299 0.018 The data from this

1.00 1.00 batch are not
affected by stone

40.66 9.030 bending.
DSS18 0.2083 0.1559 0.1540 - 0.302 0.020

1.00 1.00

40.64 5.992
DSS22 0.2108 0.1604 - - 0.336 0.021

1.00 1.00

40.78 2.955
DSS25 0.2117 - - - 0.340 0.016

1.05 1.00

40.66
Mean 0.09 - 0.2112 0.1590 0.1522 0.1676 0.319 0.019
±1 SD 1.010 - 0.0020 0.0030 - - 0.022 0.002

0.025

1'



Table 5.4: Results of Consolidation Tests on samples from Batches of BBC III

Refer - No.& CR (Stress Range in ksc) SR (Stress Range in ksc)
ence Type of E'p Cac CaG

Tests (ksc) 1.2-2 2-4 4-7 7-12 12-6 12-3 12-1.5 12-0.75 12- .375 (7)
Batch wc(%) CR

Authort 5,DSS
39.98 0.99 0.202 0.186 0.173 0.172 0.011 0.017 0.021 0.025 0.026 0.479 0.027

204 0.20 0.05 0.006 0.002 0.006 0.009 0.004 0.002 0.002 0.080 0.007

Authors 2,DSS
40.09 1.03 0.187 0.185 0.170 0.177 0.012 0.015 - - - 0.429 0.023

205

Author 4,DSS
40.66 1.01 0.211 0.159 0.152 0.168 - - - - - 0.319 0.019

207 0.09 0.03 0.002 0.003 - - 0.022 0.002

Wernert 3,DSSI
(1990) 40.43 1.03 0.195 0.183 0.162 - - - - - 0.241 0.014
204,207 0.45 0.03 0.020 0.003 0.013 - 0.010 0.002

Seah 4,Oed3  4 5 0.26 0.017
(1990) 40.32 0.98 0.162 0.157 0.153 - - - 0.014 - - to to

2 0.37 0.02 0.023 0.002 0.009 - - - 0.003 - - 0.60 0.039

Author 3,CRS6

(ApxC) 40.05 1.05 0.184 0.169 0.148 0.134 0.010 0.013 0.016 0.020 0.023 - -
204,207 0.84 0.05 0.008 0.003 - 0.002 0.001 0.001 0.002 0.001 0.001

Notes: 1 Results from DSS 36, 38 and 39 (Figure.5.6). 2 Batch 204, 205 and 207.
3 Results from Test 8,9,10 and 13 (Figure 5.7). 4 CR for stress Range 4 to 8 ksc.
5 SR for Stress Range 16-2 ksc (i.e., OCR=8). 6 Average E = 2.27x10-6 per second.
t Data affected by stone bending.
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DEFINITION OF SWELLING RATIO (SR)

Log Vertical Stress, a'vc.

SR - Eat A' - Eat C
log ( O'vm/ o'at )

Figure 5.1: Definition of Swelling Ratio (SR).
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DSS TESTS ON BATCH
(DSS 40,44,48,50&51)

1 10
VERTICAL STRESS (ksc)

Figure 5.2 Compression Curves (cv versus log a'c) from DSS Tests on Batch 204.

V
E
R
T
I
C
A
L

S
T
R
A
I
N

(%)

204

100

10

15

20

25

30
0.1



108

DSS TESTS ON BATCH
(DSS 31&37)

1 10
VERTICAL STRESS

205

100
(ksc)

Figure 5.3 Compression Curves (cv versus log ,vc) from DSS Tests on Batch 205.
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DSS TEST'
(DSS

3 ON BATCH
14,18,22,& 25)

1 10
VERTICAL STRESS (ksc)

Figure 5.4 Compression Curves (ev versus log ave) from DSS Tests on Batch 207.
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DSS TESTS ON BBC III
(Batches 204,205 &207)

1 10
VERTICAL STRESS (ksc)

Figure 5.5 Compression Curves (ev versus log a'v) from DSS Tests on BBC III.
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DSS TESTS ON BATCHES 204 AND 207
(DSS 36,38&39)

Test No. Batch Symbol

DSS 36 204 [_
DSS 38 207 O
DSS 39 204

10 100

VERTICAL STRESS (ksc)

Figure 5.6: Compression Curves (ev versus log o'vc) from DSS Tests on Batches 204
and 207 (From Werner, 1990).
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OEDOMETER TESTS ON BBC III
(Batches 204,205&207)

0
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VERTICAL STRESS (ksc)

Compression Curves (v, versus log a'vC) from Oedometer Tests on Batches
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TESTS ON BATCH 204
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TESTS ON BATCH 205
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TESTS ON BATCH 207
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CONSOLIDATION BEHAVIOR OF BBC III
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TESTS ON BATCH 207
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CHAPTER 6

UNDRAINED SHEAR BEHAVIOR OF NORMALLY CONSOLIDATED BBC

6.1 Introduction

This chapter presents the results and analysis of five CKoUDSS tests on

normally consolidated specimens from batches of the new 200 series BBC. The tests

were performed at different consolidation stress levels with the objective of

investigating the normalized stress-strain-strength behavior of resedimented BBC in

the Geonor DSS apparatus (see Chapter 2 for Normalized Soil Parameter concept).

The tests were conducted following the procedures described in Chapter 3. The

minimum consolidation stress was chosen as 1.5 times the estimated preconsolidation

pressure as recommended by the SHANSEP procedure (Ladd and Foott, 1974) and the

maximum stress of about 12 ksc was based on the capacity of the reinforced rubber

membrane used in the Geonor DSS to prevent lateral straining of the specimen. To

standardize the effects of secondary compression, the maximum consolidation stress

was applied for approximately 24 hours to allow at least one cycle of secondary

compression prior to undrained shear. All the specimens were sheared at a constant

rate of strain of approximately 5% per hour.

The specimens for this phase of DSS testing came from Batches 205 and 207 of

resedimented BBC. Chapter 4 summarizes the batching procedure and properties of

the test soil. Chapter 5 discusses the results from the consolidation phase of the

CKoUDSS tests. Based on the comparison and evaluation of the tests data in the

preceding chapter, it has been found that significantly more consolidation strains were

"measured" for DSS tests on Batch 205 than for Batch 207, most probably due to the

bending of the metal porous stones used in the Geonor DSS. All the tests on the

normally consolidated specimens were performed on Batch 207, with the exception of

DSS Test 31 which had the minimum pre-shear consolidation stress.



120

The following section presents the data in graphical form and tabulated

summaries of the results from all the tests. It also contains a brief discussion of the test

data. Appendix B contains the tabulated undrained shear data from the individual

tests.

Section 6.3 compares the results from tests conducted for this research with the

published data for SHANSEP type undrained shear tests performed in the Geonor DSS

and Section 6.4 discusses the effect of consolidation stress level on the normalized

behavior for DSS tests on normally consolidated BBC. Finally, Section 6.5 summarizes

the conclusions pertaining to normalized undrained shear behavior of normally

consolidated resedimented BBC in the Geonor DSS.

6.2 Results of CKoUDSS Tests on Normally Consolidated BBC

6.2.1 Presentation of Results

Table 6.1 summarizes the results of five CKoUDSS tests conducted on normally

consolidated specimens of BBC III at stress levels ranging from approximately 1.5 ksc

to 12 ksc. The table presents the following information:

* The batch number of resedimented BBC from which the specimen was

obtained, its water content and the pre-shear value of -'v,.

* Values at the peak horizontal shear stress (Th,,ma) of the shear strain

(7), normalized stresses (i.e., h/a'vc and o~'v//'vc) and the I angle (y

= arctan rh/a'v).

a Values of 7, h/ l'vc, U'v/al'vc and 0 angle at the maximum value of

Th/ r' v-

a Values of the normalized undrained Young's modulus at 50 % of the

peak shear resistance, Eu(50)/cu. This value is computed using the
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following equation:

Eu = 2(1+v) G (6.1)

where;

G = Shear modulus i/7

v = Poisson's Ratio

Since the tests are undrained, v = 0.5 and Equation 6.1 reduces to :

Eu = 3(//,) (6.2)

Remarks pertaining to the test quality.

Figure 6.1 through 6.6 are the synthesized plots of the stress paths, normalized

shear stress versus shear strain, applied shear stress ratio versus shear strain, pore

pressure versus shear strain, vertical strain versus shear strain and normalized Young's

modulus versus applied shear stress ratio, respectively.

6.2.2 Discussion of the Normally Consolidated CKoUDSS Results

The stress paths in Figure 6.1 plot the horizontal shear stress versus the vertical

effective stress required to maintain constant volume, both normalized to the vertical

consolidation stress. The data from the various tests (except for DSS 31) are quite

consistent and plot within a narrow range, especially in the vicinity of the peak shear

resistance. The plot shows that u' decreases consistently throughout the test, which

means that the material exhibits contractive behavior with continued straining. The

peak undrained shear strength ratio, cu/a' v ( where cu is defined as the maximum

value of the applied horizontal shear stress, Thmax), is 0.197 k 0.004 SD, giving a

coefficient of variation equal to 2 %. At the peak shear resistance, the value of

,'v/,'ve = 0.527 k 0.006 SD and b = arctan (Th/a'v) equals 20.4 h 0.5 SD degrees
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(excluding DSS Test 31 having a significantly lower value of ' v/a've compared to the

other tests). The value of the 0 angle is not a material property since the Mohr's circle

of stresses at this point is highly indeterminate because of the rapid rotation of

principal stresses (see Chapter 2 for interpretation of stresses in the DSS). The values

of the shear stress and normal stress ratios decrease with subsequent straining and at

very large strains (i.e., yy 33 %), the normalized shear stress decreases to a value of

0.092 * 0.015 SD when a'v/U'vc is equal to 0.152 k 0.035 SD. At this stage of the test,

arctan (h/a'v) equaled 31.60 E 30 SD, which suggests that the horizontal plane is

close to the plane of maximum obliquity (i.e., b is near to q' = 340 measured at large

strains in CKoUC tests, Sheahan, 1990). The data at maximum obliquity are much

more scattered than at the peak shear strength.

The normalized stress-strain curves in Figure 6.2 show good agreement among

the five CKoUDSS tests performed at different consolidation stresses. The plot shows

that the horizontal shear stress increases very rapidly, reaching a peak at an average

shear strain of about 6 %.However, there is an increase in the shear strain at failure

with increase in the consolidation stress level. Figure 6.3 plots applied shear stress

ratio (in/cu) versus shear strain. Both plots show that continued straining produces

significant strain softening. The decrease in Th is relatively small until the shear strains

become greater than about 12 % and eventually drops to approximately 54 % of the

peak values at 30 % shear strain.

Figure 6.4 is a plot of normalized pore pressure versus shear strain for all the

DSS tests. The data demonstrate that significant positive pore pressures are developed

during the tests. There is a constant increase in the value of u/erty since with increase in
of stressestr at this poreachint is highlyue of 0.82indeterminate because (exclof thding Drapid rot31) at a hear

strain of about 30 %. The curves indicate an increase in the values of Au/u've versus

shear strain with decrease in the consolidation stress. However, the data in Figure 6.4

still fall within in a fairly narrow range, except for DSS 31 which yielded significantly
still fall within in a fairly narrow range, except for DSS 31 which yielded significantly

urrr, ~rr~crr ~urcwu) r~~uwrrub u ruuuu vr v~vu ~y \ ur~vr uU~p

strain of about 30 ~o. The curves indicate an increase in the values of bU/Q'vc YeTsUs

shear strain with decrease in the consolidation stress. However, the data in Figure 6.4

still fall within in a fairly narrow range, except for DSS 31 which yielded significantly
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larger values of excess pore pressure beyond 1% shear strain. Figure 6.5, which plots

variations in the vertical strain during shear versus shear strain, indicates some

irregularity in the curve for DSS 31 at the very beginning of the test, which is probably

due to some problem with the constant height DCDT. It appears that during the

initial about 2% shear strain the servo control system started unloading the sample

more than the actual pore pressure developed in the specimen due to undrained

shearing, which lead to this unusual behavior. By 2% strain, the controller recovered

from the problem and returned the vertical strain to the value experience by the other

specimens. However, the pore pressure does not recover from the problem but rather

follows a path parallel to the other tests. As stated earlier, the consolidation data for

DSS 31 were affected by the bending of porous stones used in the Geonor DSS. This

may be another cause for the unusual behavior. However, this appears less likely since

the effect of bent porous stones should be further enhanced with decrease in the

vertical effective stress, whereas the subsequent data are consistent and follow the

trends observed in the tests not affected by the bending of porous stones (i.e. see

Figure 6.4).

The data from the measured sample deformation (Figure 6.5) indicate an

average sample deflection of +0.095 % (a positive sign indicates compression) of the

pre-shear height at the peak shear resistance. The undrained shearing in the Geonor

DSS is performed under constant volume conditions by keeping the height of the

specimen constant using a closed loop servo control system (see Chapter 3). The

system activates on occurrence of small changes in the height due to development of

the pore pressure during undrained shearing. Although the system is fairly efficient,

some error in the pre-shear height is usually observed. The sample deflection with a

positive sign indicates that the device has unloaded the specimen less than the actual

pore pressures developed in the specimen during shear. However, the measured error in

the pre-shear sample height is very small and it is expected to have little influence on
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the measured undrained shear response for BBC. Hence, the assumption of maintaining

constant volume during shear in the Geonor DSS is reasonably valid.

Figure 6.6 shows the logarithm of normalized undrained Young's modulus

(Eu/cu) versus applied shear stress ratio (i/Cu) for all the DSS tests. The data are

plotted as log Eu/cu versus rh/cu since Eu/cu is a convenient ratio to use in undrained

deformation analyses and it has been correlated with field data (D'Appolonia, Poulos

and Ladd, 1971). The applied shear stress ratio can be roughly equated to the

reciprocal of the factor of safety. Besides this, it is easier to compare these data with

previous results from CKoUDSS tests since this plot has been widely used for

comparison of data by many researchers at MIT in the past ( e.g., Ladd and Edgers,

1972; Ladd et al. 1977; Walbaum, 1988; DeGroot, 1989). The plot in Figure 6.6 shows

that the data are fairly consistent and demonstrate a continuous decrease in the

modulus with increasing shear stress. The normalized modulus data for all the DSS

tests, except DSS 31, plot on a fairly narrow range (Figure 6.6). DSS 31 yielded

consistently higher modulus values compared to the other tests. Table 6.1 summarizes

the values of normalized Young's modulus at 50 % of the peak shear resistance,

Eu(50)/cu, and reports a value of 687 k 112 SD (excluding DSS 31). However, Figure

6.6 and Table 6.1 show that the modulus values decrease with increase in the

consolidation stress level.

6.3 Comparison of CKoUDSS Tests With Published Data

Tables 6.2 and 6.3 summarize the results from CKoUDSS tests performed on

different series of resedimented BBC in the Geonor DSS over the past two decades.

The CKoUDSS tests, selected for comparison with the writer's DSS tests,were

conducted using similar testing procedures and the same strain rate during undrained

shearing. Figures 6.7 through 6.11 present plots of stress paths, normalized

stress-strain curves, applied shear stress ratio versus shear strain, pore pressure versus
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shear strain and normalized Young's modulus versus applied shear stress ratio,

respectively, for three CKoUDSS tests performed by DeGroot (1989) at a consolidation

stress of 3 ksc. The data are later compared using similar plots in Figures 12 to 17 with

the writer's DSS tests performed at consolidation stresses ranging from 1.44 to 12 ksc.

The three CKoUDSS tests selected for comparison with the writer's test data were

conducted by DeGroot (1989) using SHANSEP procedures and under essentially

identical test conditions on specimens from the new 200 series BBC and reportedly

yielded satisfactory results. Tables 6.4 and 6.5 summarize the results from the

CKoUDSS tests on specimens of BBC conducted during the various testing programs

at ,' vc = 3 and 12 ksc for comparison with the writer's tests at consolidation stresses

ranging from 3 ksc to 12 ksc in order to evaluate the effect of consolidation stress on

the normalized behavior of resedimented BBC in the Geonor DSS.

Figure 6.12 compares the stress paths from writer's DSS tests with those

obtained from three CKoUDSS tests performed by DeGroot (1989) and shows good

agreement in the shape of the curves. The curves from DeGroot's tests plot slightly

above the writer's tests until the peak shear resistance, but show remarkable

agreement subsequently, especially in the vicinity of maximum obliquity, with the

exception of DSS 31. The results show significantly less scatter in the writer's tests at

the peak strength (e.g., cu/u'vc = 0.197 E 0.004 SD, COV = 2.0 % versus cu/I,'v =

0.203 E 0.011 SD, COV = 5.5 %; Table 6.3).

The comparison of the stress-strain curves (Figure 6.13) show comparatively

greater consistency in the data from tests performed for this research. DeGroot's tests

show that the peak shear resistance was reached at somewhat smaller shear strains,

which is in agreement with the findings from the analysis of the writer's tests in the

preceding section, i.e., 7f decreases with decrease in the consolidation stress. The

stress-strain curves beyond the peak shear resistance for all the tests show similar

strain softening behavior (Figure 6.14).
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The normalized pore pressure data, plotted in Figure 6.15, show very good

agreement in all the tests, with the exception of DSS 14 and especially DSS 31.

Significantly greater pore pressures were measured during undrained shearing in DSS

31, which appear to have been caused due to some problem with the constant height

DCDT (Section 6.2.2). DSS 14 had the highest consolidation stress (12 ksc) and the

lowest pore pressure at strains less than about 16%. The data from all the CKoUDSS

tests exhibit continuous increase in the excess pore pressure throughout the tests.

Figure 6.16 shows the normalized Young's modulus (Eu/cu) versus applied shear

stress ratio (i/cu) for the writer's DSS tests and the three CKoUDSS tests from

DeGroot (1989). The data from all the tests show a fairly consistent trend of increase

in the modulus value with decrease in the consolidation stress. However, DeGroot's

tests yielded slightly higher values of modulus than writer's tests at u'vc = 3 ksc [e.g.,

Eu(50)/cu = 990 * 70 versus 850].

Figure 6.17 is a plot of logarithm of Young' modulus normalized with respect to

consolidation stress versus logarithm of shear stain. This plot shows less variation in

normalized modulus than in the previous Figure 6.16. However, the results still confirm

that lower consolidation stresses lead to higher values of modulus. The data from the

writer's tests for shear strains less than 0.1% is generally inconsistent.

Table 6.4 summarizes the results of CKoUDSS tests performed on specimens

from batches of BBC at consolidation stresses of 3 ksc and 12 ksc. The mean values of

undrained shear parameters obtained at these two consolidation stress levels are then

compared with the writer's tests performed at consolidation stresses ranging from 3 ksc

to 12 ksc in Table 6.5. The normalized values at the peak shear resistance of undrained

shear strength,cu/a'vc (cu = 7hmax), vertical effective stress (o'v/a'vc) and angle 0 (0

= arctan / la'v) show very good agreement. The scatter observed in these parameters

obtained from the writer's DSS tests at different consolidation stress levels is almost

equal to that from Walbaum's three DSS tests having a consolidation stress of 12 ksc.
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In contrast, the DSS tests conducted at a consolidation stress of 3 ksc indicate greater

scatter in the values of these parameters than observed in the writer's tests at different

consolidation stress levels. One might expect greater scatter since the results come

from different sources of BBC and involved tests by several persons using both manual

and automated height control. However, the three tests by DeGroot (1989) had more

scatter in the normalized strength (COV = 0.011/0.203 = 5.5%) than for the seven

tests summarized in Table 6.5 (COV = 4.0%).

6.4 Effect of Consolidation Stress Level on Normalized Behavior for DSS Tests on

Normally Consolidated BBC

Figure 6.18 plots the normalized peak horizontal shear stress (rh/u'vc) versus

consolidation stress (a' v) for 23 CKoUDSS tests on normally consolidated BBC.

Although the data apparently show considerable scatter in the peak shear resistance,

an in depth analysis of the results in Tables 6.2 and 6.3 and Figure 6.18 reveal

following:

0 The normalized shear strength, cu/a've (cu = Thmax), from the

writer's CKoUDSS tests at stress levels ranging from 1.44 to 12 ksc is

equal to 0.197 1 0.004 SD (COV = 2%), which is in excellent agreement

with Ladd and Edgers, 1972 (rh/a'vc = 0.197 + 0.009 SD from 5

CKoUDSS tests at a'vc varying from 3 to 8 ksc) and Walbaum, 1988

(7h/a'v = 0.197 * 0.003 SD from one CKoUDSS test at a've = 3 ksc

and 3 tests at a'vc - 12 ksc). The tests performed by Malek (1987),

DeGroot (1989) and Seah (1990) gave comparatively higher values of

rhl/'vc = 0.201 L 0.01OSD, 0.203 1 0.011SD, and 0.202 1 0.001SD,

respectively.

* Malek (1987) performed 5 CKoUDSS tests on specimens from BBC II
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which is a thixotropic material (O'Neill, 1985). The thixotropic material

exhibits an increase in the preconsolidation pressure (and higher

undrained shear strengths) with increase in the storage time. Hence, the

small increase in the measured normalized peak shear resistance (i.e., a

difference of 2% versus the author's tests) may have been caused by a

difference in the material properties of this BBC (see Chapter 4).

Thixotropy may have contributed to Malek's large scatter, although

DeGroot (1989) obtained similar scatter with the non-thixotropic BBC

III.

0 An increase of about 2.5 to 3% in the measured normalized undrained

shear strength reported by DeGroot (1989) and Seah (1990) may result

from the fact that the tests were conducted at low consolidation stress

levels.

An analysis of the strength data from the writer's DSS tests at

consolidation stresses ranging from 1.44 ksc to 12 ksc gave the following

linear regression line (r2 = 0.69):

* cu/o'VCe = 0.2016 - 0.00076 o'v, (ksc) (6.3)

* The following relationship is obtained from linear regression analysis of

strength data from all the CKoUDSS tests on BBC, conducted at

consolidation stress ranging from 1.12 ksc to 12 ksc, plotted in Figure

6.18 (r2 = 0.09):

cu/a' ve = 0.2017 - 0.00056 a' v (ksc) (6.4)

* Although the linear regression analyses of the strength data give almost
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identical relationships (Equations 6.3 and 6.4), comparatively much less

scatter is observed in the writer's test data compared to the combined

analyses on all the test.

* The normalized undrained shear strength (cu/u'vc) computed using

Equation 6.2 varies from 0.201 to 0.195 for consolidation stress ranging

from 1 ksc to 12 ksc.

The preceding analyses reveal that the variation in the mean strength (cu/ 'vc)

for a wide range of consolidation stresses is not significant from a practical viewpoint,

considering the multifarious factors which can influence the undrained shear strength

of cohesive soils. Hence, it is concluded that normally consolidated resedimented BBC

exhibits good normalized behavior with respect to the undrained shear strength,

cu/•'vc (cu - Thmax), in the Geonor DSS.

The plot of shear strain at the peak horizontal stress (T'f) for all the CKoUDSS

tests (Figure 6.19) shows that 7y varies from approximately 3 to 8% for consolidation

stress ranging from 1.3 to 12 ksc. The summarized values of 7f for 23 CKoUDSS tests

in Table 6.2 exhibit a definite trend of increase in 7f with increase in the consolidation

stress (linear regression shows yf = 4.5 + 0.267a'v , r 2 = 0.27). The average value of

7f is equal to approximately 6 % from the author's five DSS tests at variable

consolidation stress levels, which falls between the average values obtained from other

CKoUDSS tests conducted at e'vc , 3 ksc and 12 ksc (Table 6.5).

Figure 6.20, which is a plot of normalized vertical effective stress (r' v/e'vc) at

the peak strength versus consolidation stress (o'vc), shows relatively large scatter in

the values of a'v/ 'vc at lower consolidation stress levels, i.e., a'vc <_ 3ksc. The linear

regression performed on 23 CKoUDSS tests suggests that the vertical effective stress

ratio decreases slightly with an increase in the consolidation stress level (e'v/U''v =

0.560 - 0.002a'vc, r2 = .04)., but is not significant from a practical viewpoint.

-i
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Figure 6.21 plots (Au/u'vc)f versus yf from 23 CKoUDSS tests conducted on

BBC during the various testing programs. The data in Figure 6.20 indicated little

variation in the mean o'v/U'vc at the peak strength with increase in the consolidation

stress . Hence Au/o'vc = 1 - a'v/a'v also should remain fairly constant. The writer's

data also indicated that increasing a'vc causes lower pore pressure versus shear strain

(Figure 6.4), but an increase in the strain at failure (Table 6.1). Hence these two

trends tend to cancel each other, but not completely since the data in Figure 6.21 show

a general trend of increasing Au/a'vc with increasing 7f. For the data with Yf equal 4

to 9%, linear regression gives Au/a'vc = 0.366 + 0.015 7 (%) with r2 = 0.37.

The plot of angle b (0 = arctan Rh/o'vc) at peak horizontal shear stress versus

consolidation stress (Figure 6.22) shows a significant scatter in the values of 0,

especially at low consolidation stresses. The linear regression on the data from 23 DSS

tests (¢ = 20.01 + 0.009a'vc (o), r 2 = 0.0005) show a slight increase in the value of

angle ¢ with a large scatter in the results. Table 6.3 summarizes the mean values of

angle ¢ from tests reported by various researchers at MIT. The mean value of angle 0

at peak rh varies from 19.40 to 20.50 with the exception of the tests conducted by Seah

(1990) at O'vC -- 1.12 and 1.3 ksc (i.e., a'vc less than 1.5 x a'p ). The mean value of

angle 0 obtained from the writer's tests ( i.e., 0 = 20.40 + 0.500 SD; excluding DSS 31)

falls within the range of average values from various tests. Figure 6.23, which is a plot

of angle 0 at (h/a'vc).ax versus strain at failure, yf, demonstrates a general trend of

increase in angle i with increase in the strain at failure (¢ = 19.01 + 0.178 7yf, r2 =

0.07). DeGroot (1989) based on the analyses of data from 30 different normally

consolidated soils tested in the Geonor DSS found that the vertical effective stress ratio

lies within a narrow band (a'v/a'vc = 0.598 + 0.051SD) and as a result there is a

strong correlation between angle 0 and (rh/a'vc)max.

Figure 6.24 plots normalized undrained shear modulus at 50 % of the peak shear

resistance, Eu(50)/cu, versus consolidation stress from 23 CKoUDSS tests. It shows a
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fairly large scatter in the values of Eu (50)/cu, especially at low consolidation stress

levels. The summarized results in Tables 6.2 and 6.3 and Figure 6.24 demonstrate a

strong trend of decrease in moduli with increase in the consolidation stress level (based

on linear regression performed on the moduli data from 23 CKoUDSS tests on BBC,

Eu(50)/cu = 943.7 - 43.6e'vc, r2 = 0.48). The stress-strain data in Figure 6.2 and the

log(Eu(50)/a'vc)) versus o'vc plot in Figure 6.25 also demonstrate that the stiffness

decreases with increase in the consolidation stress. Ladd and Edgers (1972) reported a

value of Eu(50)/cu z 554 + 154 SD from 5 CKoUDSS tests, which compares reasonably

well with the writer's tests, i.e., Eu(50)/cu = 687 * 112 SD (excluding DSS 31), and

based on comparison with the other types of consolidated-undrained strength tests,

they concluded that " In general, DSS tests yield more consistent stress strain moduli

than were obtained with the plane strain and triaxial tests."

Tables 6.2 and 6.3 also compare the values of 7, -h/a'vc, 'v/la'vc and angle b

at large strains, i.e., 7 > 25 %. The stress-strain curves in Figure 6.13 exhibit

significant strain softening with continued straining beyond the peak shear resistance.

DeGroot (1989) investigated the strain softening behavior of the normally consolidated

cohesive soils as measured in the Geonor CKoUDSS testing. Based on a thorough

analyses of post peak behavior measured in 100 CKoUDSS tests on 30 different soils

tested at MIT, he found that due to the nonuniformity of the vertical stresses in the

Geonor DSS, the device "unloads" the specimen more than the actual pore pressure

developed during undrained shearing with increasing large strains. Thus the influence

of the device on the measured strain softening response of a DSS specimen is significant

at large shear strains. However, the precise effect of the device on the measured strain

softening response of normally consolidated specimens can not be quantified.

Table 6.3 reports that the mean angle 0 at strains greater than y = 25 % varies

from 280 to 33.50. The angle 0 measured in the author's tests averaged 29.50 * 1.60 SD

(excluding DSS 31) at shear strains of about 25 %, which compares well with the
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results obtained by DeGroot (1989) from 3 DSS tests at the same shear strain (i.e., b =

29.70 + 2.00 SD) and also shows good agreement with the results reported by Ladd and

Edgers (1972) at maximum obliquity (i.e., 0 = 31.80 + 3.70 SD versus 0 = 31.60 k 3.00

SD from the writers tests ). In many of the tests summarized in Table 6.2, it was

reported that h/ur'v was still increasing even though the shear strain exceeded 25 %.

The mean angle i at maximum obliquity from the CKoUDSS tests compares

reasonably well with angle 0' in Ko-consolidated-undrained triaxial compression tests

at maximum obliquity (0'mo = 340 + 0.50 SD from the CKoUC tests on BBC,

Sheahan, 1990). However, the influence of the membrane distortion, the rotation of

principal stresses and the suspected influence of the device should be considered when

using the parameters obtained from the CKoUDSS tests at large shear strains for

design.

6.5 Summary and Conclusions

Five Ko--consolidated-undrained shear tests were performed in MIT's Geonor

DSS on specimens from batches of resedimented.BBC III at consolidation stress levels

ranging from 1.44 ksc to 12 ksc (Table 6.1). The tests yielded very consistent

stress-strain-strength data, with the exception of DSS 31 (a'vc = 3 ksc), which

presumably had a problem with the constant height DCDT during undrained shearing.

However, these data do indicate deviation from "perfect normalized behavior",

especially regarding stiffness (modulus). A comparison of data from the writer's tests

show excellent agreement with prior data from CKoUDSS tests on BBC.

Based on the experimental results and the analysis presented in the previous

sections, the following conclusions are drawn regarding the normalized undrained shear

behavior of resedimented BBC III in the Geonor CKoUDSS testing:

0 The writer's tests at different consolidation stress levels demonstrate
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good normalized behavior with respect to the undrained shear strength,

(cu/u'vc = 0.197 k 0.004 SD, COV .2 %) and much less scatter in the

undrained shear results compared to the prior data on BBC.

0 Linear regression on the undrained shear strength ratio versus

consolidation stress (Equation 6.4) based on 23 CKoUDSS tests on BBC

in the Geonor DSS (Figure 6.18) show a variation in cu/~'ve decreasing

from 0.201 to 0.195 for consolidation stresses ranging from 1 ksc to 12

ksc. This small variation in the undrained shear strength ratio over a

significant range of consolidation stresses is considered very small from a

practical viewpoint.

0 The measured data throughout the test program yielded very similar

normalized stress-strain curves (Figure 6.2) and stress paths (Figure

6.1), despite substantial differences in the consolidation stresses.

However, the strain at failure (Tyf) increases with increase in the

consolidation stress, yielding a mean value of yf increasing from 4% to

8% for consolidation stress ranging from 1.44 to 12 ksc.

* The normally consolidated specimens develop positive excess pore

pressures (Figure 6.4), which increase continuously with undrained

shearing, i.e., the test material exhibits contractive behavior with

continued straining. The data suggest that Au/r'vc versus shear strain

decreases with increasing consolidation stress (although DSS 31 follows

this trend, the pore pressures are believed to be too high due to problems

with the height controller).

• A fairly constant value of o'v/u'vc at the peak shear

resistance (Figure 6.20) supports DeGroot's (1989) conclusion that a

strong correlation exists between the angle b (= arctan Th/U'vc) and

(rh/ ' vc)max-
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* The author's data show a definite trend of decreasing Eu/cu versus

applied shear stress ratio (Th/Cu) with increasing consolidation stress

(Figure 6.6). This trend is supported by the collective, but more

scattered, data previously obtained at MIT in terms of Eu(50)/cu

(Figure 6.24). Eu(50)/a'vc follows a similar trend (Figure 6.25)

* The values of the shear stress and vertical effective stress ratios (hl/a'vc

and a' v/a'v) decrease continuously with straining beyond the peak

shear resistance and the value of angle b approaches approximately 320

at very large strains, i.e., y :- 33 %, which compares well with the

previous research. The value of angle 0 at maximum obliquity compares

fairly well with the angle €' at maximum obliquity from the

K o-consolidated- undrained triaxial compression tests (¢'mo = 340 a

0.50 SD from CKoUC tests on BBC, Sheahan, 1990).

The experimental study reveals that the data obtained from the Geonor DSS at

the maximum obliquity is much more scattered than at the peak shear strength. In

many of the tests (Table 6.2) it was found that r/ta'v was still increasing even though

the shear strains exceeded 25%. A considerable distortion of the sample membrane and

a large rotation of the principal stresses (see Chapter2) occur at large shear strains.

The experimental data show significant strain softening at large shear strains. DeGroot

(1989) based on the analyses of 100 CKoUDSS tests on 30 different normally

consolidated soils and DSS tests on rubber specimens found that due to nonuniform

vertical stress conditions in the Geonor DSS, the device "unloads" the specimen more

than the actual pore pressure developed during the undrained shearing. Thus the

influence of the device on the measured strain softening response increases with

continued straining beyond the peak shear resistance. Although the undrained shear

parameters at large shear strains from the Geonor DSS tests may appear reasonable,
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the influence of sample membrane distortion, rotation of principal shear stresses, and

the suspected influence of the device should be considered when using these parameters

in design.
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Table 6.1: Summary of Geonor CloUDSS Tests on Normally Consolidated BBC III

Test Batch At Peak Th At Th/I'v max E,,(50) Remarks

No. No. T'vc 7 h T'v Th/O'v Th T'v Th/G'v Cu

wc(7) (ksc) (7) yv T'•v o (7) O'vc 0've o0

DSS14 207T 11.992 7.71 0.194 0.536 0.363 32.80 0.093 0.174 0.539 619
40.55 19.95 28.32

DSS18 207MB 9.030 6.55 0.192 0.523 0.366 32.90 0.088 0.146 0.598 610
40.66 20.11 30.88

DSS22 207MB 5.992 6.30 0.197 0.523 0.377 29.65 0.111 0.182 0.612 670
40.64 20.66 31.47

DSS25 207B 2.955 5.61 0.202 0.526 0.385 36.71 0.075 0.105 0.715 850
40.78 21.06 35.56

DSS31 205M 1.441 4.10 0.199 0.485 0.410 33.45 0.094 0.079 1.196 1240 low g'v/a'vc and
40.48 22.29 50.10 high values of #

40.62 6.05 0.197 0.527 0.373 33.02 0.092 0.152 0.615 687 Mean values
Mean 0.010 2.89 0.084 112 include only
I1 SD 0.11 1.33 0.004 0.006 20.44 0.015 0.035 31.60 peak 7 & Th/f'vc

0.51 3.00 from DSS 31.

Notes: 1 d7/dt = 5% 1 per hour.
2 wc = Initial water content.
3 0 = arctan (Th/f'v).
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Table 6.2: Results of Geonor CKoUDSS Tests on Different Series of Normally Consolidated BBC

Reference Test Batch wc 'v v ( At Peak Th At Th/a'v Maximum E. (50) Remarks
No. No. Cu

(Series) (.) (ksc) (0) 7 . ._ I ' 1_ _ 7 T1 '.X _' __

(%) 've g',vc 'v (') (7) o'v e'vc o•, (')
202 200 37.4 4.0 15.5 6.0 0.211 0.566 0.372 20.4 32.5 0.128 028 0.199 0.643 32.8 470

Ladd &
Edgers, 301 300 37.2 3.0 13.7 4.5 0.199 0.575 0.346 19.1 33.1 0.098 0098 0.141 0.695 34.8 750
1972

303 300 35.6 8.0 17.0 6.2 0.194 0.565 0.342 18.9 29.8 0.111 0.210 0.525 27.7 400
(BBC Ib)

1301 1300 35.2 4.0 9.9 5.4 0.187 0.567 0.330 18.3 Not Reached 685

1303 1300 35.6 8.0 15.0 9.0 0.196 0.531 0.369 20.3 Not Reached 465.

Mean - 36.2 - - 6.2 0.197 0.561 0.352 19.4131.8 0.112 0.184 0.621 31.8 554
1S.D 1.0 1.7 0.009 0.017 0.018 0.9 1.8 0.0151 0.037 0.087 3.7 154

S1 111 39.8 3.1 10.1 2.4 0.201 0.592 0.340 18.8 Data Not Available 850 Low 7 @ Th.ax
Malek,
1987 S2 111 39.7 3.1 10.1 10.7 0.192 0.447 0.430 23.2 Data Not Available 530 Good test

(BBC II) S3 111 39.2 4.0 10.8 6.8 0.214 0.515 0.416 22.6 Data Not Available 700 Good test

S4 111 39.5 4.0 10.0 6.8 0.195 0.505 0.386 21.1 Data Not Available 550 Good test

SS5 112 39.2 6.0 16.4 3.5 0.222 0.678 0.327 18.1 Data Not Available 680 High Thmax

Mean - 39.6 - - 6.7 0.201 0.515 0.393 21.4 Data Not Available 662 Excluding
±S.D 0.3 3.4 0.010 0.060 0.040 2.0 129 Test No.S5
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Reference Test Batch wvc 'vC EV At Peak rh At Th/f'v Maximum El(50) Remarks
No. No. Cu

(Series) (7.) (ksc) (7) 7 I•. ' h 7 _Th _i'. a 0
e e (% (Is )(% ) Q'vc ff'v 9'v (v ) ( ) Qf'vc Qf'vc Q'v ( )

1 200 39.9 12.2 - 8.1 0.202 0.538 0.376 20.6 30.1 0.109 0.215 0.507 26.9 590 Incr. Consol.
Valbaum,
1988 2 201 40.6 11.4 - 8.2 0.184 0.462 0.398 21.7 24.0 0.127 0.243 0.523 27.6 515 CRSC (low rf)

(BBC III) 3 201 41.5 11.6 - 6.0 0.195 0.543 0.359 19.8 27.4 0.114 0.219 0.521 27.2 420 CRSC

4 201 40.9 11.4 - 6.8 0.194 0.545 0.356 19.6 27.5 0.104 0.202 0.515 27.2 370 Incr. Consol.

5 202 41.1 3.0 11.7 4.9 0.195 0.600 0.325 18.0 31.0 0.105 0 .176 0.597 30.8 830

Mean - 40.9 - - 6.4 0.197 0.556 0.354 19.5129.0 0.108 0.203 0.525 28.1 553 Excluding
*S.D 0.6 1.3 0.003 0.029 0.021 1.1 1.8 0.005 0.019 0.042 1.8 208 Test No.2

G1 200 41.1 3.0 14.6 4.7 0.191 0.561 0.340 18.8 24.9 0.133 0.252 133 0.252 0.516 27.8 930 Poor ev data.
DeGroot,
1989 G2 200 40.8 3.0 15.3 5.4 0.213 0.528 0.403 22.0 25.0 0.132 0.132 0.214 0.627 31.7 970 Poor ev data.

(BBC III) G4 200 41.0 3.0 15.2 5.5 0.205 0.542 0.379 20.7 24.4 0.134 0.237 0.593 29.5 1070 Poor cv data.

Mean - 41.0 3.0 15.0 5.2 0.203 0.544 0.374 20.5124.8 0.133 0.234 0.579 29.7 990
*S.D 0.2 0.4 0.4 0.011 0.017 0.032 1.6 0.3 0.001 0.019 0.057 2.0 72

DSS6 203 40.5 1.12 5.1 2.5 0.201 0.667 0.301 16.8 24.2 0.095 0.095 0.153 0.621 31.8 925 Low f'vc.
Seah,
1990 - DSS7 204 40.1 1.30 5.2 3.1 0.202 0.606 0.333 18.4 26.2 0.111 0.158 0.702 35.1 876 Low e'vc.

(BBC III) Mean - 40.3 - 2.8 0.202 0.637 0.317 17.6 25 0.103 0.156 0.662 33.5 901
(S.D 0.3 0.4 0.001 0.043 0.023 1.1 1.4 0.011 0.004 0.057 2.3
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Summary of Results from Geonor CKoUDSS Tests on Normally consolidated BBC

Reference Number Stress At Peak Th At Thla'v Maximum En(50) Remarks
of Range Cu

(Series) Tests (ksc) 7 Lr_ ' h # 7 .h._ v 1h 0
Series (7.) '~v v ' () (N) M 'VC ',VC 9'v (I)

Ladd & Edgers 5 3-8 6.2 0.197 0.561 0.352 19.4 31.8 0.112 0.184 0.621 31.8 554
(1972) BBC Ib 1.7 0.009 0.017 0.018 0.9 1.8 0.015 0.037 0.087 3.7 154

Malek 4 3-4 6.7 0.201 0.515 0.393 21.4 33.1 0.098 0.141 0.695 34.8 750
(1987) BBC II 3.4 0.010 0.060 0.040 2.0

Walbaum 4 3-12 6.4 0.197 0.556 0.354 19.5 29.8 0.108 0.203 0.535 28.1 553
(1988) BBC III 1.3 0.003 0.029 0.021 1.1 1.8 0.005 0.019 0.042 1.8 208

DeGroot 4 3 5.2 0.203 0.554 0.374 20.5 24.8 0.133 0.234 0.579 29.7 990
(1989) BBC III 0.4 0.011 0.017 0.032 1.6 0.3 0.001 0.019 0.057 2.0 72

Seah 2 1.1-1.3 2.8 0.202 0.637 0.317 17.6 25.2 0.103 0.156 0.662 33.5 901 Low a'v/a'vc.
(1990) BBC III 0.4 0.001 0.043 0.023 1.1 1.4 0.011 0.004 0.057 2.3 30 High angle #.

This 5 1.5-12 6.1 0.197 0.527 0.373 20.4 33.0 0.092 0.152 0.615 31.6 798 From
Research BBC III 1.3 0.004 0.006 0.010 0.5 2.9 0.015 0.035 0.084 3.0 265 Table 6.1 *

4 3-12 - - - - - 25.0 0.133 0.239 0.560 29.5 687 @ 7 = 25%7
BBC III - - - 0.1 0.006 0.015 0.044 1.6 112

Notes: 1. Individual test data summarized in this Table can be found in Tables 6.1 and 6.2.
Average for Malek (1987) and Walbaum (1988) exclude Test S5 and 2, respectively (Table 6.2).
All values are average i one standard deviation.
Average values exclude DSS 31 except for peak 7 and Th/g'vc.
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Table 6.4: Results from Geonor CKoUDSS Tests at Various Stress Levels on Normally Consolidated BBC

Reference Test Batch wc #'vc At Peak Th At Th/ff'v Maximum E.E(50) Remarks
No. No. cu

(Series) (X) (ksc) 7 T _' _f. () 7 f Th (
(M) 0'VC 0'VC I 'v() (0 ) M '0VC 'v Q 'VC (-)

1 200 39.9 12.2 8.1 0.202 0.538 0.376 20.6 30.1 0.109 0.215 0.507 26.9 590 Incr. Consol.
Valbaum,
1988 3 201 41.5 11.6 6.0 0.195 0.543 0.359 19.8 27.4 0.114 0.219 0.521 27.2 420 CRSC

(BBC III) 4 201 40.9 11.4 6.8 0.194 0.545 0.356 19.6 27.5 0.104 0.202 0.515 27.2 370 Incr. Consol.

Mean 40.8 11.7 7.0 0.197 0.542 0.364 20.0128.3 0.109 0.212 0.514 27.1 460
+1 SD o.8 0.4 1.1 0.004 0.004 0.010 0.5 1.5 0.005 0.009 0.007 0.2 115

L&E,1972* 301 300 37.2 3.0 4.5 0.199 0.575 0.346 19.1 33.1 0.098 0098 0.141 0.695 34.8 750 * (BBC Ib)

Malek, Sl 111 39.8 3.1 2.4 0.201 0.592 0.340 23.2 Data Not Available 850 Low 7 4 Th.ax
1987
(BBC II) S2 111 39.7 3.1 10.7 0.192 0.447 0.430 18.8 Data Not Available 530 Good Test

Walbaumi 5 202 41.1 3.0 4.9 0.195 0.600 0.325 18.0 31.0 0.105 0.176 0.597 30.8 830 I(BBC III)

DeGroot, G1 200 41.1 3.0 4.7 0.191 0.561 0.340 18.8 24.9 0.1330133 0.252 0.516 27.8 930 Poor ev data.
1989

(BBC III) G2 200 40.8 3.0 5.4 0.213 0.528 0.403 22.0 25.0 0.132 0.214 0.627 31.7 970 Poor ev data

G4 200 41.0 3.0 5.5 0.205 0.542 0.379 20.7 24.4 0.134 0.237 0.593 29.5 1070 Poor ev data.

lean 40.1 3.0 5.4 0.199 0.549 0.366 20.1127.7 0.120 0.203 0.606 30.9 847
1 SD 1.4 - 2.5 0.008 0.055 0.039 1.9 - 0.017 0.111 0.065 2.6 174

This Mean 205 40.6 1.4to 6.1 0.197 0.527 0.373 33.0 20.4 0.092 0.152 0.615 31.6 687 From Table
Research kS.D 207 0.1 12.0 1.3 0.004 0.006 0.010 2.9 0.5 0.015 0.035 0.084 3.0 112 6.1.

Note: The results from DeGroot (1989) reported under (Th/Q'vc)max are at 7 = 257..



Table 6.5: Comparison of Results with C!oUDSS Tests at Sane r'v, on Normally
Consolidted BBC

Reference Number wc 'vC At Peak Th E,,(50) Remarks
of cu

Tests (%) (ksc) 7 _h COVW fL o
(1) 've .'ve (0)

Walbaum, 3 40.8 11.7 7.0 0.197 2.0 0.542 20.0 460 Results from
1988 0.8 0.4 1.1 0.003 - 0.004 0.5 115 Table 6.4.

Table 6.4 7 40.1 3.0 5.4 0.199 4.0 0.549 20.1 847 Results from
1.4 - 2.5 0.008 - 0.055 1.9 174 Table 6.4

This 4 40.7 12, 9 6.5 0.196 2.0 0.527 20.4 687 Results from
Research 0.1 6, 3 1.3 0.004 - 0.006 0.5 112 Table 6.1

Notes: 1. All values are average * one standard deviation.
2. Individual test data summarized in this Table can be found

and 6.4.
t COV = Coefficient of Variation (Th/f'vc) = SD/Mean

in Tables 6.1
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Figure 6.1: Normalized Stress Paths from CKoUDSS Tests on Normally Consolidated
Boston Blue Clay.
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Test Batch a'v, Symbol

DSS14 207 11.99 O

DSS18 207 9.03 _

DSS22 207 5.99 A

DSS25 207 2.96 _

DSS31 205 1.44 V

20

Shear Strain, 7 (%)

Figure 6.2: Normalized Shear Stress Versus Shear Strain from CKoUDSS Tests on
Normally Consolidated Boston Blue Clay.
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Figure 6.3: Applied Shear Stress Ratio Versus Shear Strain from CKoUDSS Tests on
Normally Consolidated Boston Blue Clay.
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Figure 6.4: Normalized Pore Pressure Versus Shear Strain from CKoUDSS Tests on
Normally Consolidated Boston Blue Clay.
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Figure 6.5: Vertical Strain Versus Shear Strain from CKoUDSS Tests on Normally
Consolidated Boston Blue Clay.
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Figure 6.6: Normalized Undrained Young's Modulus Versus Applied Shear Stress
Ratio from CKoUDSS Tests on Normally Consolidated Boston Blue Clay.
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Figure 6.7: Normalized Stress Paths from CKoUDSS Tests on Normally Consolidated
Boston Blue Clay (From DeGroot, 1989).
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Figure 6.8: Normalized Shear Stress Versus Shear Strain from CKoUDSS Tests on
Normally Consolidated BBC (From DeGroot, 1989).
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Figure 6.9: Applied Shear Stress Ratio Versus Shear Strain from CKoUDSS Tests on
Normally Consolidated BBC (From DeGroot, 1989).
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Figure 6.10: Normalized Pore Pressure Versus Shear Strain from CKoUDSS Tests on
Normally Consolidated BBC (From DeGroot, 1989).
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Figure 6.11: Normalized Undrained Young's Modulus Versus Applied Shear Stress
Ratio from CKoUDSS Tests on Normally Consolidated BBC (From.
DeGroot, 1989).
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Figure 6.14: Applied Shear Stress Ratio Versus Shear Strain for CKoUDSS Tests on
Normally Consolidated BBC (Curves from Figures 6.3 and 6.9).
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Figure 6.15: Pore Pressure Versus Shear Strain for CKoUDSS Tests on Normally
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on BBC (Tests by Author and DeGroot, 1989).
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for CKoUDSS Tests on Normally Consolidated BBC (Data from Tables
6.1 nd 6.2).
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CHAPTER 7

UNDRAINED SHEAR BEHAVIOR OF OVERCONSOLIDATED BBC

7.1 Introduction

A testing program was conducted in the Geonor DSS with the objective of

investigating the undrained shear behavior of overconsolidated resedimented BBC. The

specimens were consolidated well beyond the batch preconsolidation pressure and then

sheared undrained at different overconsolidation ratios (OCR's) along the swelling

curve. Five CKoUDSS tests were performed with a maximum past pressure of

approximately 12 ksc at OCR 's ranging from 1 to 32. The maximum OCR of 32 was

selected keeping in view the minimum vertical stress required to prevent sliding

between the top cap and the sample. One CKoUDSS test was performed at OCR of 8

with a maximum past pressure of 3 ksc to determine the influence of stress level on the

undrained shear behavior of overconsolidated samples of BBC.

The tests were performed using procedures described in Chapter 3. As

recommended by the SHANSEP procedure (Ladd and Foott, 1974), the maximum and

also the final consolidation stresses were applied for approximately 24 hours to allow at

least one cycle of secondary compression and then sheared undrained by keeping the

volume of the sample constant. The undrained shear was applied at a constant rate of

strain of approximately 5 % per hour. Table 4.8 gives an overview of the CKoUDSS

testing program on overconsolidated specimens of resedimented BBC. The properties of

the test soil are summarized in Chapter 4.

The results from the consolidation phase of the CKoUDSS tests on

overconsolidated specimens are summarized in Chapter 5. The evaluation of

consolidation data revealed that significantly larger consolidation strains were

consistently measured for tests on Batch 204 and 205 versus Batch 207, most probably

due to bending of porous stones used in the Geonor DSS.

Cl__i
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All the specimens for this phase of DSS testing came from Batch 204 and 205.

Variations in the vertical strains are observed during undrained shearing as plotted in

Figure 7.5.The variations in ev were all within the absolute magnitude of those

recorded for OCR = 1 BBC, except for DSS 37 with OCR 3.25 at large stains. There

appears to be relatively little effect of these strains on the measured undrained shear

behavior up to the peak shear (even for DSS 37), as the subsequent evaluation of the

data will show.

The chapter begins with the presentation and discussion on the results from

CKoUDSS tests on overconsolidated specimens. This is followed by comparison of

writer's test data with the published research and evaluation of results. The chapter

concludes with a summary and conclusions pertaining to the undrained shear behavior

of overconsolidated resedimented BBC in the Geonor DSS.

7.2 Presentation and Discussion of Results from CKoUDSS Tests on Overconsolidated

BBC

Table 7.1 summarizes the results of six CKoUDSS tests conducted on

overconsolidated specimens of BBC III at OCR's ranging from 2 to 32, along with

average values from normally consolidated CKoUDSS tests (from Table 6.1). Besides

the information pertaining to the test specimens, i.e., batch number, water content

(wc) and stress history (u'vc, e'v and OCR . e'vm/`'vc), the table contains the

values of 7, Th/o' vc, 'v/'vc, Th/' v and angle 0 at peak m and at the maximum

value of h/a'v. The Table also contains the normalized undrained Young's modulus

values at 50% of peak shear resistance [Eu(50)/cu]. The data are also presented in

graphical form in Figures 7.1 through 7.13. Detailed tabulated data from each test are

presented in Appendix B.

Figure 7.1 plots the effective stress paths, in which r and o'v are divided by

a'vy, from six CKoUDSS tests on overconsolidated specimens of BBC. The figure also

C-LU;i~- · ----~l·C -·- · :
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plots the curve from DSS 14 which was performed on a normally consolidated specimen

tested at a'vc = 12 ksc (all the overconsolidated specimens have o'vm -, 12 ksc except

DSS 50 which has maximum past pressure of 3 ksc). If the normally consolidated

effective stress path represents the State Boundary Surface for the DSS mode of

shearing, then all the overconsolidated tests would be expected to hit this boundary

and then follow it with subsequent straining. The curves from the overconsolidated

tests in Figure 7.1 indeed follow this predicted behavior, i.e., all the curves climb up to

the normally consolidated stress path, reaching the envelope at the peak shear

resistance and then following the curve while strain softening and eventually reaching

maximum obliquity.

The normalized shear stress versus shear strain data from all the tests are

plotted in Figure 7.2. The plot indicates a consistent increase in the normalized

undrained shear strength (cu/'vec) with increasing OCR. The primary reason for the

increase in cu/u'vc is the increase in the normalized effective stresses at peak shear

resistance rather, than the increase in the obliquity of stresses (/a,'vc). This fact is

evident from Table 7.1, which shows that rh/O'vc increases from 0.197 to 1.84 with a

corresponding increase in u'v/u'vc from 0.519 to 3.52, while the increase in Th/a'v is

only from 0.373 to 0.523 with OCR increasing from 1 to 32. Of course, the increase in

' v is due to lower values of Au as shown in Figure 7.4.

Figure 7.2 also demonstrates that the shear strain at failure, 7f, generally

increases with increase in the OCR. The applied shear stress ratio versus shear strain

curves in Figure 7.3 show that higher OCR samples mobilize a lower fraction of their

peak strength at "low" strains. Similar to normally consolidated specimens, significant

strain softening is exhibited by all the overconsolidated specimens. If the degree of

strain softening is defined as the ratio of Th/Thmax at 7 = 30%, the strain softening

generally decreases with increasing OCR. However, DSS 37 ( OCR = 3.25; which

suffered from problems with servo control system during shear after the peak shear
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strength) demonstrates inconsistency in its post peak undrained shear response

compared to the other tests.

Figure 7.4 plots the normalized pore pressure (Au/o've) versus the shear strain.

The plot shows consistently positive pore pressures for OCR < 2 specimens, while

more overconsolidated specimens initially develop negative pore pressures which

gradually becomes less negative with straining, and even becomes positive in the case

of moderately overconsolidated specimens (i.e., with OCR's up to 3.25). However,

highly overconsolidated specimens -develop large negative pore pressures which start

becoming less negative in the vicinity of the peak shear resistance and remain negative

even until very large strains, i.e., y = 30 %.

Figure 7.5 plots the data for variations in the vertical height of the specimens

during undrained shear compared to the pre-shear height. Ideally there should be no

vertical strain for a constant volume test. However, the height control algorithm does

not account for apparatus compressibility. Therefore, tests on low OCR specimen,

which undergo a decrease in o' v, cause compression of the specimen due to expansion

of the apparatus. Conversely, tests on higher OCR specimen, which undergo an

increase in ,' , cause expansion of the specimen due to contraction of the apparatus.

The measured dilation of the highly overconsolidated samples (i.e., OCR > 3.25),

which increases with increase in the OCR, during undrained shearing compared to the

pre-shear sample height demonstrates that the increase in the vertical stress acting on

the sample is less than the actual negative pore pressures that would develop in the

specimens if the tests were fully "undrained", i.e., at constant volume. However, this

error is considered small and expected to have little influence on the measured

undrained shear behavior of the soil, as the subsequent comparison of the tests data

with the published results would show. The curve from DSS 37 (Figure 7.5) shows that

the servo control system developed some problem in the vicinity of the shear strain at

failure, which resulted in significant deviation of vertical strain compared to the other
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tests. This discrepancy did influence the measured post peak undrained shear response

of the specimen.

The normalized undrained Young's modulus, (Eu/cu), versus applied shear

stress ratio, (i/cu), are plotted in Figure 7.6 for the CKoUDSS tests at OCR's ranging

from 1 to 32. The data are fairly consistent and demonstrate a definite trend with

change in OCR, i.e., decrease in moduli with increasing OCR. This trend is better

illustrated by the curves for various "factors of safety" (= u ) on a plot of Eu/cu

versus logarithm of OCR in Figure 7.8. Table 7.1 reports that the values of normalized

undrained shear modulus at 50 % of peak shear resistance decrease from 619 to 49 for

OCR's ranging from 1 to 32.

When Eu is normalized with respect to ' vc and plotted against shear strain,

both on logarithm scale, a different pattern develops (Figure 7.7), i.e., increasing

moduli with increasing OCR, which obviously decreases with increasing shear strains.

The data on this plot display comparatively greater consistency and less spread in the

curves for various OCR's.

Ladd et al. (1977) suggested an empirical relationship that assumes that the

overconsolidated strength is related to the normally consolidated strength and OCR

by:

Cu/l've = S (OCR)" (7.1)
where;

S = cu/rl 'v at OCR of one.

The data from the CKoUDSS tests on overconsolidated specimens, along with the

average results from normally consolidated specimens, are plotted on logarithm of

normalized strength versus logarithm of OCR in Figure 7.9 to check the above

relationship for resedimented BBC. Linear regression was used to compute the values
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of m, based on above relationship, for various ranges of OCR's. The summarized

results from linear regression in Table 7.4 show that the value of m decreases with

increase in the OCR, i.e., m varies from 0.82 to 0.62 for OCR ranging from 3.25 to 32.

Critical State Soil Mechanics (i.e., the Modified Cam-Clay) predicts:

m = 1- Cs/Cc (7.2)

where Cs and Cc refer to the slopes of the swelling and virgin compression lines,

respectively.

The computed values of m based on Equation 7.2 are contained in Table 7.4.

The comparison of measured and predicted m values shows that the MCC overpredicts

the m values for BBC, especially at high OCR's (the ratio of mmeasured/mpredicted

varies from 0.91 to 0.74 for OCR ranging from 3 to 32; the predicted m values may be

affected by the error in ev data due to bending of porous stones ). However, the

measured m values at OCR's greater than 8 do not fall within range suggested by Ladd

et al. (1977) for typically DSS testing of clays (i.e., 0.8 * 0.1) based on their tests up to

OCR of 8.

The summary of results at (h/ a' v)max in Table 7.1 demonstrates that

CKoUDSS tests do not show a definite trend regarding shear strain at maximum

obliquity with change in OCR. However, overconsolidated specimens yield a higher

average value of shear strain at (Th/or'v)max compared to the normally consolidated

specimens (7 = 35% versus 33% at OCR of one). The stress ratios (i.e., h/la'vc and

ra'v/ a',v) show a significant decrease compared to the values at peak shear resistance.

The strain softening generally decreases with increasing OCR. The average value of

angle 0 at maximum obliquity for all the tests, summarized in Table 7.1, at OCR's

ranging from 1 to 32 equals 30.70 * 1.20 SD (excluding DSS 37 and DSS 50). The

distortion of the rubber membrane at large shear strains, along with continuous

_~C · _
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rotation of the principal planes will effect, to some extent, the measured post peak

undrained shear behavior of the overconsolidated specimens. DeGroot (1989) analyzed

the strain softening behavior of undrained shear tests on normally consolidated

cohesive soils in the Geonor DSS. Based on his analyses of the previous data on

cohesive soils tested in the Geonor DSS and tests conducted on rubber specimens, he

opined that the measured strain softening response of a DSS specimen in the Geonor is

in part due to the nonuniform vertical stress caused by the device. Specifically, during

undrained shear the DSS apparatus causes the vertical stress acting on the sample to

decrease with increase in the shear strain. The substantial decrease in the shear stress

ratio at large shear strains observed in the writer's test data from all the

overconsolidated specimens may be partially due to the device causing more unloading

than should have been observed.

7.3 Influence of Maximum Past Pressure on the Undrained Shear Behavior of BBC

The testing program on the overconsolidated specimens of BBC included two

DSS tests (DSS 44 and DSS 50) conducted at approximately the same OCR but with

different maximum past pressures (i.e., DSS 44 at OCR of 7.9 with ,'vm = 11.42 and

DSS 50 at OCR of 7.8 with o'v. = 2.96). This section discusses the influence of

maximum past pressure on the undrained shear behavior of the overconsolidated

specimens in the Geonor DSS.

Figure 7.10 plots the effective stress paths from DSS 44 and DSS 50. The curves

from both the tests indeed overlap, suggesting that maximum past pressure does not

significantly influence the normalized stress paths from CKoUDSS tests on the

overconsolidated specimens of BBC III.

The stress-strain curves from DSS 44 and 50 , plotted in Figure 7.11, exhibit

some influence of maximum past pressure up to the peak shear strength on the

undrained shear behavior of BBC III. The DSS test having a lower maximum past



174

pressure ('vm e- 3 ksc) gives a lower value of the shear strain at failure and slightly

higher shear strength compared to the test at the same OCR but with a higher

maximum past pressure (o'vM -- 12 ksc). This is in conformity with the trend observed

during the undrained shear tests on the normally consolidated specimens (Chapter 6),

i.e., slight increase in the peak shear strength and more significant decrease in the

strain at failure with decreasing stress levels. However, no significant influence of

maximum past pressure is observed on the post peak stress-strain behavior of the soil.

Figure 7.12 plots the normalized pore pressure (Au/u'vc) versus shear strain

from the DSS tests at the same OCR but having different maximum past pressures.

The plotted data demonstrate that the test with lower u'v. (DSS 50) develops a

slightly larger negative pore pressure in the vicinity of the peak shear strength

compared to the DSS test having higher u'v, (DSS 44). But the post peak curves for

the two tests are essentially identical.

Figure 7.13 shows that DSS 50, with a'v. = 3 ksc, yields consistently higher

undrained Young' modulus values compared to DSS 44, thus displaying some influence

of maximum past pressure on the modulus values. This trend is consistent with

undrained shear behavior observed in the tests on normally consolidated specimens of

BBC (Chapter 6), i.e., stiffness increases with decreasing stress levels.

7.3 Comparison with the Previous Research

Seven CKoUDSS tests on overconsolidated specimens of BBC from Ladd and

Edgers (1972) are selected for comparison with the data from the writer's tests. These

tests were conducted under similar tests conditions and reportedly yielded satisfactory

results. However, these tests were conducted at lower stress levels compared with the

writer's tests. Table 7.2 summarizes the results of seven CKoUDSS tests on

overconsolidated specimens of BBC along with average results from normally

consolidated tests (from Table 6.2). Figures 7.14 to 7.19 are the plots of stress paths,
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normalized stress-strain curves, applied shear stress ratio versus shear strain,

normalized pore pressure versus shear strain, normalized Young's modulus (Eu/cu)

versus applied shear stress ratio and logarithm of Eu/e'vc versus logarithm of shear

strain, respectively, for the CKoUDSS tests from Ladd and Edgers (1972). The range of

data at OCR's of 2 and 8 from these tests are later compared with the writer's tests.

Figures 20 through 27 indicate that the data from the writer's tests at OCR's of

2 and 8 compare very well with the tests from Ladd and Edgers. The following

comments are offered based on comparison of the results in Tables 7.3 and Figures 7.20

to 27:

* The tests from Ladd and Edgers yield slightly lower values of shear

strain at failure compared to the writer's tests at OCR's of 2 and 8,

which is consistent with the trend demonstrated by writer's tests data,

i.e., strain at failure decreases with decreasing stress levels.

* The comparison of undrained shear strength ratios at OCR of 8

demonstrate a consistent trend of decreasing strength with increasing

maximum past pressure (Tables 7.1 and 7.2).

* Figure 7.26 shows that the tests from Ladd and Edgers yielded

comparatively higher normalized undrained Young's modulus (Eu/cu) at

the corresponding OCR's (i.e., OCR of 2 and 8). Their DSS test at an

overconsolidation ratio of 8 having a lower a',v (a' .= 4 ksc) gives

higher modulus values compared to the test with a higher ' vm ('v. =

8 ksc), as observed from the writer's tests (Section 7.3). This is in

conformity with the earlier findings from the stress-strain data for the

writer's tests on the overconsolidated and normally consolidated

specimens of BBC that the stiffness decreases with increase in the

stress levels.

M
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The tests from Ladd and Edgers yielded comparatively higher value of m

(the results computed based on Equation 7.1 are contained in Table 7.4)

at OCR of 8 (i.e., m = 0.75 versus 0.72 from the writer's tests).

The data from the two testing programs are in good agreement, even though the

tests from Ladd and Edgers were conducted on a different source of BBC (i.e, BBC-Ib

versus BBC III; see Chapter 4 for comparison of properties of the two series). However,

both test programs exhibit essentially similar trends up to OCR of 8, as discussed in

the preceding section, pdrtaining to the undrained shear behavior of overconsolidated

specimens in the Geonor DSS.

7.5 Summary and Conclusions

Five CKoUDSS tests were performed at OCR's ranging from 2 to 32 with a

maximum past pressure of approximately 12 ksc on specimens from resedimented BBC

III to investigate the undrained shear behavior of overconsolidated soil. One CKoUDSS

test was performed at OCR of 8 with a different maximum past pressure (i.e., ur'vm =

3 ksc) to determine the influence of maximum past pressure on the undrained shear

behavior of the test soil. The tests yielded quite consistent and satisfactory data

(except DSS 37 at large strains) which compared well with the previous data on BBC.

In the case of DSS 37, the servo control system (used in the Geonor DSS to keep the

height of the specimen constant during undrained shear) developed some problem in

the vicinity of the shear strain at failure, which influenced the measured data beyond

the peak shear resistance.

Based on the experimental results and the discussion presented in the preceding

sections, the following conclusions are drawn regarding the normalized undrained shear

behavior of the overconsolidated resedimented BBC in the Geonor DSS:
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* The shear strain at failure, 7f (i.e., 7 at cu/a'vc; where cu = Thmax),

increases with increase in the OCR (Figure 7.21).

* All the overconsolidated specimens develop negative pore pressures

during undrained shearing at the beginning of the tests. The maximum

negative pore pressure increased with increasing OCR and usually

occurred at the peak undrained strength. The pore pressure become less

negative during strain softening and even become positive at moderate

OCR (see Figure 7.4).

* The normalized undrained shear strength, cu/l'vc, increases with

increase in the OCR. The primary reason for increase in cu/a'vc is an

increase in the vertical effective stress (a'v/a'vc) at the peak shear

resistance (i.e., decrease in Au/a'vc), rather than the increase in the

obliquity of the stresses (i.e., rh/a'vc).

* The effective stress path from the normally consolidated sample forms an

envelope for the paths of the overconsolidated samples (Figure 7.1).

All the paths from the overconsolidated samples rise up to the normally

consolidated stress path, reaching the envelope at the peak shear

resistance and then following the curve while strain softening and

eventually reaching maximum obliquity.

* The CKoUDSS tests on the overconsolidated specimens yielded very

consistent normalized Young's modulus data (Eu/cu) and the moduli at

various "factors of safety" (= T -) decrease with increasing OCR's

(Figure 7.6), which implies that the stiffness decreases with increasing

OCR. However, when Eu is normalized with respect to a'vc and plotted

against the shear strain (Figure 7.7), the trend reverses.

* The values of m, computed based on the empirical relationship suggested

by Ladd et al.(1977) and given in Equation 7.1, decreases with increasing
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OCR i.e., m varies from 0.82 to 0.62 for OCR's increasing from 3.25 to

32 (Table 7.4 and Figure 7.9). The typical range of m values suggested

by Ladd et al. 1977 (i.e., 0.8 * 0.1, based on tests up to OCR of 8) does

not hold for highly overconsolidated (i.e., OCR > 8) BBC III. The

Modified Cam-Clay overpredicts the value of m (calculated based on

Equation 7.2) for BBC, especially at higher OCR's (Table 7.4).

0 The effective stress paths from all the overconsolidated specimens

(Figure 7.1) reverse direction at the peak shear strength, cu,

and undergo a continuous decrease in the stress ratios (h/a've and

a'v/a'vc) with straining beyond the peak shear resistance. The value of

angle b reaches 30.70 k 1.20 SD at very large shear strain, i.e., Y t 35 %.

0 All the overconsolidated specimens exhibit significant strain softening,

which generally decreases with increasing OCR (Figure 7.3). This strain

softening is suspected to be partially due to device "unloading". The

experimental data from the CKoUDSS tests on overconsolidated

specimens are consistent with DeGroot's (1989) finding aboutthe post

peak strain softening behavior of normally consolidated specimens in the

Geonor DSS. Based on his analyses, he concluded that the measured

strain softening response of a DSS specimen is partially due to the

nonuniform state of stress imposed by the device.

0 The CKoUDSS tests at the same OCR (OCR = 8), but having different

maximum past pressures (oa'v = 3 to 12 ksc), yield essentially similar

stress paths (Figure 7.10), show an increase in the shear strain at failure

with increasing stress level and demonstrate a definite trend of increase

in the peak shear strength with decrease in the maximum past pressure

(Figure 7.11). The overconsolidated specimens having lower a'v, develop

comparatively greater negative pore pressure than specimens at the same
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OCR having higher '-v,. (Figure 7.12). The data plotted in Figure 7.13

clearly demonstrate that the normalized Young's modulus (Eu/cu)

decreases with increasing maximum past pressure. The trends are

consistent with the stress dependence behavior observed from the

CKoUDSS tests on the normally consolidated specimens of BBC

(Chapter 6), i.e., decrease in stress level results in decrease in the strain

at failure, yf, slight increase in the peak shear strength ratio, cu/ 'vc,

and increase in the normalized Young's modulus.



Table 7.1: Results from Geonor CKOUDSS Tests on Overconsolidated BBC III

Test Batch Stress History At Peak Th At Th/ff'v Maximum E,,(50)
No. No 0'vC OCR 7 Th/lf'vc 'v/•'vc Th/f'vc 7 Th/l'v Tv'v/T'vc Th/l'v Cu

Wc()z)'vn (%) Th/U'vm T'v/'v bv (0 ) Th/g'vm a'v/g'vm 0o
DSS14 205 1.44 to 1.00 6.05 0.197 0.527 0.373 33.02 0.092 0.152 0.615 619
to 207 11.99 il.33 *0.004 40.006 *0.010 *2.89 *0.015 *0.035 *0.084

DSS31 40.62 20.40 31.60
*0.11 *0.50 *3.0

DSS40 204T 5.798 1.97 7.64 0.362 0.917 0.394 36.56 0.189 0.338 0.560 469
40.12 11.394 0.184 0.467 21.50 0.096 0.172 29.25

DSS37 205B 3.512 3.25 10.55 0.515 1.20 0.429 32.93 0.335 0.676 0.496 331
39.70 11.407 0.159 0.269 23.22 0.103 0.208 26.38

DSS44 204M 1.447 7.89 13.32 0.881 1.811 0.486 39.72 0.399 0.637 0.627 128
39.75 11.420 0.112 0.229 25.92 0.050 0.081 32.09

DSS48 204T 0.772 14.69 12.96 1.108 2.325 0.476 35.03 0.572 0.977 0.586 86
40.21 11.342 0.075 0.152 25.45 0.039 0.066 30.37

DSS51 204B 0.379 31.90 15.38 1.840 3.520 0.523 31.29 1.270 2.202 0.577 49
39.80 11.897 0.058 0.110 27.61 0.040 0.069 29.98

DSS50 204B 0.379 7.82 10.73 0.909 1.988 0.457 Still Increasing 188
40.00 2.956 0.116 0.254 24.56

1. Mean +1 SD from Table 6.1 (mean values
DSS 31; Eu(50)/r'vc from DSS14 at T'vc

2. Data from DSS 37 at maximum obliquity
3. Stresses in kg/cm 2; strains in %.
'4. d7/dt = 5 % * per hour.

include only peak 7 and Th/f'vc from
- 12 ksc).
is unreliable due to servo control problem.

Notes:
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Table 7.2: Results of CKoUDSS Tests on Overconsolidated BBC (form Ladd and Edgers, 1972)

Test Wc Stress History At Peak Th At Th/i' v Maximum

No. (%) 'v OCR 7 Th/• 'vc 'v/l/'vc Th/l've 7 Th/ 'vc 'v/fl'vc Th/f'v
o'v/ () hl 'vml 'v/l 'v/ M o (7) Thl/C'vm 'vl/'vm o

Meant - 3 to 8 1.00 6.2 0.197 0.561 0.352 31.8 0.112 0.184 0.621
1lSD - *1.7 *0.009 40.017 *0.018 1l.8 *0.015 *0.037 *0.087

19.40 31.80
*0.90 +3.70

4102 35.5 2.0 2.00 7.1 0.382 0.915 0.417 32.3 0.239 0.387 0.619
4.0 0.191 0.458 22.64 0.120 0.193 31.76

1302 35.6 2.0 2.00 5.4 0.344 0.925 0.372 Not Reached
4.0 0.172 0.463 20.41

6113 37.0 0.996 3.99 11.7 0.609 1.290 0.471 41.0 0.326 0.507 0.644
3.98 0.153 0.323 25.22 0.082 0.127 32.78

311 37.0 1.0 4.00 8.5 0.644 1.317 0.490 30.0 0.422 0.591 0.715
4.0 0.161 0.329 26.10 0.106 0.148 35.56

1304 35.8 1.0 4.00 7.7 0.555 1.230 0.451 Not Reached
4.0 0.139 0.305 24.28

310 37.3 1.0 8.00 9.7 0.937 1.852 0.506 31.2 0.530 0.834 0.636
8.0 0.117 0.232 26.84 0.063 0.104 32.46

1001A 37.5 0.5 8.00 12.6 1.000 1.807 0.553 Not Reached
4.0 0.125 0.226 28.94

Notes: 1.
3.
5.

Average from 5 tests.
Th/f'v still increasing at 7 =
d7/dt = 5 7, * per hour.

2. Top cap slipped.
41%. 4. Stresses in kg/cm 2.
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Table 7.3: Comparison of Results from Geonor CKOUDSS Tests on Overconsolidated BBC III

Reference Number OCR At Peak Th At 7rhff' laximum E,(50)

of 7 Th/O'vC f'v/I'vc Th/IT'v 7 Th/ 'vce 0'v/'v c Th/T'v Cu
(Series) Tests (%) Th/ff'vm F'v/f'vm o () Th/ffvm lF'v/F'vm 0o

Ladd and 2* 2 6.40 0.363 0.920 0.395 32.30 0.239 0.387 0.619 633
Edgers 0.181 0.460 21.50 0.120 0.193 31.80
(1972)

2 8 11.20 0.969 1.830 0.530 31.20 0.530 0.834 0.636 163
(BBC-Ib) 0.121 0.229 27.90 0.066 0.104 32.50

This 1 2 7.64 0.362 0.917 0.394 36.56 0.189 0.338 0.560 469
Research 0.184 0.467 21.50 0.096 0.172 29.25

2* 8 12.03 0.895 1.900 0.472 39.72 0.399 0.637 0.627 158
(BBC III) 0.114 0.242 25.24 0.050 0.081 32.09

Note: * Data at (Th/a'v)max only from one test.

~·~9--------- --UP
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Table 7.4: Comparison of m Values for CKoUDSS Tests
on Overconsolidated BBC

1. Computed values of m from Equation 7.1 for BBC.
2. S = cu/o'vc at OCR = 1.
3. Values computed based on the relationship: m = 1-Ce
*. r2 is coefficient of determination for linear regre

of log(cu/o'vc) on log OCR.

Reference No. of Range m 1 S 2 r2 * m 3 mme
Tests of OCR Measured Predicted mpi

(Series)

This Research
3 1-3.25 0.820 0.200 0.995 0.902 C

5 1-7.89 0.719 0.210 0.992 0.873 C

6 1-14.7 0.652 0.221 0.978 0.856 C

7 1-31.9 0.624 0.227 0.983 0.845 C
(BBC III)

Ladd & Edgers
(1972) 6 1-4.0 0.791 0.203 0.981

8 1-8.0 0.751 0.209 0.987
(BBC Ib)

Notes:
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Overconsolidated Boston Blue Clay (from Ladd and Edgers, 1972).
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Figure 7.19: Normalized Undrained Young's Modulus (Eu/u've) Versus Shear Strain
from CKoUDSS Tests on Overconsolidated Boston Blue Clay (from Ladd
and Edgers, 1972).
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Overconsolidated Boston Blue Clay (Curves from Figures 7.2 and 7.15).
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Figure 7.23: Normalized Pore Pressure Versus Shear Strain from CKoUDSS Tests on
Overconsolidated Boston Blue Clay (Curves from Figures 7.4 and 7.17).
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CHAPTER 8

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

8.1 Background

The objective of this thesis is to investigate the normalized undrained strength

and stress-strain behavior of resedimented Boston Blue Clay (BBC) using the Geonor

Direct Simple Shear (DSS) apparatus. This is accomplished by conducting a number of

Ko-consolidated-undrained tests in the Geonor DSS on specimens of normally

consolidated BBC at different consolidation stress levels (Table 4.8) and also on

specimens rebounded to different overconsolidation ratios (Table 4.9). In addition, a

number of constant rate of strain consolidation (CRSC) tests were performed (Table

4.7) to obtain well defined compression curves for comparison with the data from the

consolidation phase of the CKoUDSS tests.

Chapter 1 describes the research objectives and gives the organization of the

thesis. Chapter 2 gives an overview of the Normalized Soil Parameter (NSP) concept

along with an outline of the SHANSEP (an acronym for Stress History And

Normalized Soil Engineering Properties) design method and the laboratory testing

technique (Ladd and Foott, 1974). The NSP concept is based on the empirical

observation that the results of laboratory tests on clay samples having the same OCR,

but different consolidation stresses and therefore different maximum past (or

preconsolidation) pressures (a'v. or l'p), exhibit very similar strength and

stress-strain characteristics when normalized with respect to the consolidation stress.

The NSP concept provides a powerful tool for evaluating and synthesizing

experimental data. The concept has lead to the development of a very valuable design

method, called SHANSEP, to estimate in-situ strength and stress-strain properties for

stability analyses. The design method has been applied successfully in engineering

practice to a variety of cohesive soils. However, the method is strictly applicable only

- -
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to mechanically overconsolidated and truly normally consolidated soils exhibiting

normalized behavior (Ladd, 1988).

Chapter 2 also contains a review of existing simple shear devices and the state

of stresses in DSS testing, with emphasis on the Geonor type DSS apparatus. The tests

conducted for this research were performed in MIT's Geonor Model 4 DSS apparatus

that has been extensively used for direct simple shear research and testing at MIT

since 1965. It was designed for testing undisturbed cohesive soil samples in order to

evaluate stress-strain behavior under simple shear strain conditions. It enables soil

specimens to be tested wherein the major principal stress axis rotates during shear

while the sample is kept under a condition of plane strain. Due to its inability to

impose complementary shear stresses to the sides of the specimen, a condition of

nonuniform stress and strain occurs within the specimen. However, many theoretical

and experimental studies conducted in the DSS device reveal that for plastic soils the

degree of uniformity of stress and strain in the device is acceptable up to the peak

resistance. The description of DSS testing equipment and experimental procedures are

described in Chapter 3.

This experimental study was conducted on resedimented Boston Blue Clay

which has been chosen by MIT researchers to study clay behavior for many years. The

initial researchers used undisturbed natural soil. The need for a large quantities of

uniform soil specimens lead to the development of the resedimentation technique,

which has been further refined and simplified over the years. Chapter 4 briefly

describes the batching procedures and the properties of the test soil. The specimens for

this research came from Batches 204, 205 and 207 of resedimented Boston Blue Clay

III. Index properties of BBC III with 16 g/l of NaC1 are: wl = 45.20% * 0.44% SD, Ip

= 23.46% k 0.42% SD and clay fraction < 2 A = 52.1% + 4.1% SD. The batches of

Boston Blue Clay were consolidated to a maximum stress of 1.0 ksc and then

rebounded to a'v, = 0.25 ksc. The resulting water content = 40.59 k 0.57 SD and the
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liquidity index was = 0.82 * 0.02 SD

8.2 Consolidation Behavior

The Ko-consolidation response of resedimented BBC III in the Geonor DSS is

evaluated in Chapter 5. The data from the consolidation phase of the CKoUDSS tests

are presented (Table 5.1) and analyzed in the light of available consolidation data on

BBC from the Geonor DSS, conventional incremental oedometer and constant rate of

strain consolidation tests (Table 5.4). The analysis of the test data reveal that the

porous stones used in the Geonor DSS were bent during DSS testing on samples from

Batches 204 and 205, which resulted in larger vertical consolidation strains than those

measured in the DSS tests on Batch 207 and from the oedometer tests on the same

batches of clay (Figure 5.11). However, the consolidation data from Batch 207 compare

very well with the data obtained from the oedometer and CRSC tests on BBC III

(Figure 5.12). Hence, the conclusions given in the succeeding paragraphs are based on

the consolidation results of the DSS tests on Batch 207 and are valid subject to the

condition that the possibility of error in the consolidation data due to the bending of

porous stones is eliminated.

The Geonor DSS test gives consistent and good estimates of the 1-D

consolidation of BBC. The compression curves obtained from the DSS tests are in

reasonable agreement with those obtained from the EOP incremental oedometer

curves. Both types of tests gave Casagrande estimates of preconsolidation pressure that

agree with the maximum stress applied to the clay batches. The consolidation results

from the Geonor DSS show very good agreement with CRS consolidation at strain

rates that result in the values of ub/ov between 2% to 5% in the normally consolidated

range. The compression data show (Tables 5.3 and 5.4) that the virgin compression

ratio (CR) for resedimented BBC III decreases with increase in the stress level. The

consolidation data (Tables 5.1 to 5.3) demonstrate that the new 200 series BBC

____ ___··_
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exhibits a lower rate of secondary compression than BBC II and that the ratio of

Cae/CR for BBC III falls somewhat below the range found for most inorganic soft

clays.

The results from the four CRSC tests performed on specimens of BBC III

(Table 4.7) are presented and analyzed in Appendix C. Three CRSC tests were

performed at standard strain rates recommended by Wissa et al. (1971) (i.e., the

strain rates which result in values of ub/ov between 2% to 5% in the normally

consolidated range) and one CRSC test was run at an approximately 9 times faster

strain rate (resulting in Ub/r've > 25% in the vicinity of l'p) than the standard tests.

The consolidation data from the CRSC tests, performed at the standard strain rates,

compare well with the incremental conventional oedometer tests and show a decrease

in the compression ratio with increasing consolidation stress levels. The CRSC test

performed at a faster strain rate show significant "rate effects" on the consolidation

behavior of resedimented BBC (see Table C.1 and Figure C.6). The limited data show

that a large increase in the strain rate results in a higher estimated preconsolidation

pressure (e.g., 1.30 ksc versus 1.05 * 0.05 ksc from the standard tests) and higher CR

values at the corresponding stress levels.

8.3 Normally Consolidated Undrained Shear Behavior

The results of five CKoUDSS tests on normally consolidated BBC are presented

and analyzed in Chapter 6. The tests were conducted at consolidation stresses ranging

from 1.44 to 12 ksc (Table 6.1). The tests yielded very consistent

stress-strain-strength data , with the exception of one test (DSS 31 at a' vc = 1.44

ksc), which presumably had a problem with the constant height DCDT during

undrained shearing. However, these data do indicate deviation from "perfect

normalized behavior", especially regarding stiffness (modulus). A comparison of data

from the writer's tests show excellent overall agreement with prior data from
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CKoUDSS tests on BBC (Tables 6.3 and 6.4).

The writer's tests at different consolidation stress levels demonstrate good

normalized behavior with respect to the undrained shear strength, (cu/' vc = 0.197 k

0.004 SD, COV = 2%) and much less scatter compared to the prior data on BBC

(Figure 6.18). A linear regression on the undrained shear strength ratio versus

consolidation stress based on 23 CKoUDSS tests on BBC in the Geonor DSS (Figure

6.18) shows clu/'vc decreasing from 0.201 to 0.195 for consolidation stresses ranging

from 1 to 12 ksc. This variation is considered very small from a practical viewpoint.

The plotted DSS data show very similar normalized stress strain curves (Figure

6.2) and stress paths (Figure 6.1), despite substantial differences in the consolidation

stresses. However, the strain at failure ('yf) increases with increase in the consolidation

stress, e.g., 7f increasing from 4% to 8% for consolidation stress levels ranging from

1.44 to 12 ksc (Figure 6.19).

The normally consolidated specimens develop positive excess pore pressures

(Figure 6.4), which increase continuously with undrained shearing, i.e., BBC III

exhibits contractive behavior with continued straining. The data suggests that Au/l'vc

versus shear strain decreases with increasing consolidation stress (although DSS 31

follows this trend, the pore pressures are considered to be too high due to problem with

the height controller).

The author's data show a definite trend of decreasing Eu/cu versus applied

shear stress ratio (i/cu) with increasing consolidation stress levels (see Figure 6.6).

This trend is also supported by the collective, but more scattered, data previously

obtained at MIT in terms of Eu(50)/c, (Figure 6.24). Eu(50)/o1'vc follows a similar

trend (Figure 6.25).

The values of the shear stress and the vertical effective stress ratios (lh/ 'vc

and a'v/la'vc) decrease continuously with straining beyond the peak shear resistance

and the value of angle 0 (= arctan (n/Ia'v)) reaches approximately 320 at very large

_1·_1_1 _
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strains (i.e., at 7 = 33%. in Table 6.1) This value of angle 0 compares fairly well with

the angle q' at maximum obliquity from the Ko-consolidated-undrained triaxial

compression tests (0'mo = 340 k 0.50 SD from CKoUC tests on BBC, Sheahan, 1990).

The experimental study reveals that the data obtained from the Geonor DSS at

maximum obliquity are much more scattered than at the peak shear strength (Table

6.1) and all the normally consolidated specimens show significant strain softening,

especially at large shear strains. The analysis of data supports DeGroot's (1989)

finding that the DSS device "unloads" the specimen more than the actual pore pressure

developed during undrained shearing. Thus the influence of the device on the measured

strain softening response increases with continued straining beyond the peak shear

resistance.

8.4 Overconsolidated Undrained Shear Behavior

The testing program was included tests to investigate the undrained shear

behavior of overconsolidated BBC (Table 7.1). The specimens were consolidated well

beyond the batch preconsolidation pressure and then sheared undrained at different

overconsolidation ratios along the swelling curve. Five CKoUDSS tests were performed

with a maximum past pressure of approximately 12 ksc at OCR's ranging from 2 to 32.

One CKoUDSS test was performed at OCR of 8 with a maximum past pressure of 3

ksc to determine the influence of stress level on the normalized behavior of

overconsolidated BBC. The tests yielded quite consistent and satisfactory data (except

DSS 37, where the data beyond peak shear resistance were affected due to some

problem with the height control system) which compared well with the previous data

on BBC (Table 7.3).

The data from the CKoUDSS tests show that all the overconsolidated specimens

develop negative pore pressures during undrained shearing at the beginning of the tests

(Figure 7.4). The maximum negative pore pressure increased with increasing OCR and
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usually occurred at the peak undrained strength. The pore pressure become less

negative during strain softening and even become positive at moderate OCR (i.e., OCR

< 3.25; see Figure 7.4).

The stress-strain data show that the normalized undrained shear strength,

cu/r'vc, and the shear strain at failure increase with increasing OCR (Figure 7.2). The

primary reason for the increase in cu/a'vc is an increase in the vertical effective stress

ratio (a'v/a'vc) at the peak shear resistance (i.e., decrease in Au/a'vc), rather than

the increase in the obliquity of the stresses (Th/a'v).

The effective stress path from the normally consolidated sample forms an

envelope for the paths of the overconsolidated samples (Figure 7.1). All the paths from

the overconsolidated samples rise up to the normally consolidated stress path, reaching

the envelope at the peak shear resistance, and then follow the OCR = 1 curve while

strain softening and eventually reaching maximum obliquity. The value of angle ¢

reaches 30.70 E 1.20 SD at very large shear strains (i.e., 7 = 33%).

All the overconsolidated specimens exhibit significant strain softening, which

generally decreases with increasing OCR (Figure 7.3). This strain softening is

suspected to be partially due to device "unloading". The experimental data from the

CKoUDSS tests on overconsolidated specimens are consistent with DeGroot's (1989)

finding about the measured post peak strain softening behavior of normally

consolidated specimens in the Geonor DSS. His analysis revealed that the measured

strain softening response of a DSS specimen is partially due to the nonuniform state of

stress imposed by the device.

The CKoUDSS tests on overconsolidated specimens yielded very consistent

normalized Young's modulus data (Eu/cu) plotted versus applied shear stress level

(ih/cu) that decrease with increasing OCR (Figure 7.6), which implies that the

stiffness decreases with increasing OCR. However, when Eu is normalized with respect

to a've and plotted against the shear strain (Figure 7.7), the trend reverses.

I
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The values of m, computed based on the empirical relationship suggested by

Ladd et al. (1977) and given in Equation 7.1, decrease with increasing OCR (i.e., m

varies from 0.82 to 0.62 for OCR's increasing from 3.25 to 32 (see Table 7.4 and Figure

7.9). The typical range of m values suggested by Ladd et al. 1977 (i.e., 0.8 1 0.1, based

on DSS tests up to OCR of 8) does not hold for highly overconsolidated (i.e., OCR >

8) BBC. The Modified Cam-Clay overpredicts the value of m (calculated based on

Equation 7.2) for BBC, especially at higher OCR's (see Table 7.4).

Two CKoUDSS tests at the same OCR (OCR = 8), but having different

maximum past pressures (a'vM = 3 ksc versus 12 ksc), yielded very similar stress paths

(Figure 7.10). However, the test with the higher a'v. shows: an increase in the strain

at failure and slightly lower peak strength (Figure 7.11); less negative pore pressures

prior to failure (Figure 7.12); and a lower Eu/oa'vc versus shear strain (Figure 7.13)

These trends are consistent with the stress dependent behavior observed from the

CKoUDSS tests on the normally consolidated specimens of BBC (Chapter 6), i.e., an

increase in stress level results in an increase in the strain at failure, slight decrease in

the peak shear strength ratio, and a decrease in the normalized Young's modulus.

The writer's tests at OCR = 2 and 8 agree quite well with those reported by

Ladd and Edgers (1972) from prior testing on BBC of similar plasticity after

accounting for differences in ' v values (e.g., Table 7.3 and Figure 7.20 to 7.27).

8.5 Recommendations

The experimental study reveals that the data obtained from the Geonor DSS at

maximum obliquity are much more scattered than at the peak shear strength.

Although the undrained shear parameters at large shear strains from the Geonor DSS

tests may appear reasonable, the influence of sample membrane distortion, rotation of

principal shear stresses and especially the suspected influence of the device "unloading"
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should be considered when using these parameters in design. An experimental study to

quantify the influence of the DSS device on the measured strain softening response of

normally consolidated and overconsolidated specimens of BBC will be very useful in

understanding the undrained shear response in the Geonor DSS.

The porous stones used in the Geonor DSS were found to be bent during many

of the DSS testing, which affected the consolidation data from the tests on specimens

of Batches 204 and 205. It is recommended that the cintered bronze porous stones

should either be flattened before each test, (based on a quality control standard to

check the flatness), or preferably replaced with ceramic porous stones which will break

instead of bending if accidentally dropped. This will reduce the possibility of a serious

errors in the measured consolidation strains, thus improving the quality of data

obtained from the Geonor DSS.

Ideally there should be no vertical strains for a constant volume test. However,

the height control algorithm does not account for apparatus compressibility which

leads to a small sample deflection during undrained shearing. It is, therefore,

recommended that height control should be improved to account for apparatus

compressibility during undrained shearing.

The testing program for this research included one CRSC test conducted at an

approximately 9 times faster strain rate than the standard CRSC tests. The limited

data show significant rate effects on the consolidation behavior of resedimented BBC.

Hence, it would be worthwhile to run more CRSC tests at intermediate and fast strain

rates for a better understanding of "rate effects" on the consolidation behavior of new

200 series BBC.
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APPENDIX A

Ko- CONSOLIDATION RESULTS FROM GEONOR DSS

This Appendix Contains:

Table A.1: Tabulated Stress-Strain Data

Figures A.1 to A.11: Plots of Ev Versus Log(a'vc)

Figure A.12: Typical Settlement-Time Curve



Table A.1: Summary of Consolidation Results from CloUDSS Tests on BBC III
Sheet 1/4

Incr. DSS 14 DSS 18 DSS 22
Number

f'vc, ksc ioo,(%) ef, (7) 'vc, ksc eoo,(7) cf, (X) a'vc, ksc Eloo,(%) Ef, (7)

1 0.195 0.468 0.138 0.386 0.117 0.187

2 0.292 0.956 0.242 0.798 0.235 0.594

3 0.499 1.630 0.487 1.695 0.480 1.326

4 0.980 3.005 0.990 3.552 0.976 2.820

5 1.9800 7.840 1.961 7.760 1.960 7.560

6 4.018 12.778 3.967 12.530 4.000 12.530

7 7.057 16.460 6.970 16.300 5.992 15.720 16.123

8 11.992 20.288 20.714 9.030 18.390 18.567

Note: Excellent cv data.

3 ------- - ;r Yl~.l~il· Ci-.l i-= _~. ....-



Table A.l: (Continued)
Sheet2/4

Incr. DSS 25 DSS 31 DSS 37
Number Number 'vc, ksc cloo,(%) Ef, (%) a'vc, ksc e~oo,(%) Ef, (%) ]'vc, ksc Eoo,(%) Ef, (%)

1 0.120 0.373 0.126 0.160 0.149 0.150

2 0.240 0.730 0.255 0.538 0.266 0.420

3 0.494 1.360 0.499 1.388 0.486 1.051

4 0.966 2.930 0.964 3.050 0.954 3.364

5 1.941 7.720 1.441 6.868 7.412 1.967 9.182

6 2.955 10.947 11.247 - - - 3.800 14.470

7 - 6.668 18.610

8 - 11.407 22.734 23.636

9 - 5.759 23.285

10 3.512 22.880 22.843

Note: Data from DSS 31 and DSS 37 is affected by bent porous stones.

------ ^' ~ :I=---------~:~i-i '~~~~-; i ; ' ~-~; '---;~------~-- - ~-- - -- - ~-----~II- ~-----~--I -- ~- I --i-~?~ I i --- --;-I)~-_-r;-I~ =..- 1~-~-~~ -~- -- C---- B-~-·- - --- ------ ~--·~----~-~---· ,-· -·--,;--·,



Table A.l: (Continued):
Sheet3/4

Incr. DSS 40 DSS 44 DSS 48
Number

e 'vC, ksc Eioo,(%) cf, () a'vc, ksc coo0,(k) cf, (c) F'vC, ksc Eioo,(%) Ef, (f )

1 0.136 0.150 0.136 0.150 0.149 0.180

2 0.266 0.480 0.253 0.515 0.279 0.629

3 0.499 0.869 0.499 1.435 0.512 1.491

4 0.954 3.200 0.967 3.823 0.954 3.440

5 1.902 9.359 1.902 9.688 1.915 9.259

6 3.811 15.053 3.798 15.300 1

7 6.668 19.130 6.668 19.510 6.668 19.170

8 11.394 22.850 23.927 11.420 23.499 24.448 11.342 23.306 24.278

9 5.798 23.536 23.463 5.758 24.043 5.785 23.884

10 - - 2.850 23.340 2.944 23.206

11 - - - 1.447 22.460 22.347 1.473 22.280

12 - - - - - 0.772 21.285 21.076

Notes: ev Data affected by bent porous stones.
1 Consolidation data file deleted accidentally.

iO .. .. . -.... ... .. .... ...... .. .... ..... .... ..... .... ... ...... .... .... ....... .. . ... . .. ..... .. ..... ......



Table A.1: (Continued):
Sheet 4/4

Incr. DSS 50 DSS 51
Number

1'vc , ksc eioo,(%) Ef, (%) )'vc, ksc elo o , (Z ) ef, (X)

1 0.121 0.120 0.127 0.223

2 0.2347 0.471 0.256 0.646

3 0.488 1.243 0.505 1.531

4 0.974 3.363 0.979 3.621

5 1.958 8.850 1.942 9.115

6 2.956 12.867 13.425 3.924 14.790

7 1.498 13.092 6.916 19.205

8 0.747 12.515 11.897 23.411 23.849

9 0.379 11.750 11.603 5.724 23.600

10 - - - 2.981 22.939

11 - - - 1.497 22.037

12 - - - 0.757 21.048

13 - - - 0.373 19.901 19.777

Note: ev data affected by bent porous stones.
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DSS TEST 14
(Batch 207)

1 10
VERTICAL STRESS (ksc)

Compression Curve (ev versus log r'vc) from DSS Test 14.
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DSS TEST 18
(Batch 207)
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VERTICAL STRESS (ksc)

Figure A.2 Compression Curve (ev versus log a've) from DSS Test 18.
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DSS TEST
(Batch 207)

22
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VERTICAL STRESS (ksc)

Figure A.3 Compression Curve (ev versus log a'vc) from DSS Test 22.
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DSS TEST
(Batch 207)
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VERTICAL STRESS (ksc)

Figure A.4 Compression Curve (Ec versus log a'vc) from DSS Test
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DSS TEST 31
(Batch 205)

10 100

VERTICAL STRESS (ksc)

Compression Curve (ev versus log 'v,,) from DSS Test 31.
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DSS TEST 37
(Batch No 205)

1 10
VERTICAL STRESS (ksc)

Figure A.6 Compression Curve (e, versus log a'vc) from DSS Test 37.
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DSS TEST 40
(Batch 204)

1 10
VERTICAL STRESS (ksc)

Figure A.7 Compression Curve (Ev versus log 'v,,) from DSS Test 40.
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DSS TEST 44
(Batch 204)

1 10
VERTICAL STRESS (ksc)

Figure A.8 Compression Curve (cv versus log a'vc) from DSS Test 44.
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DSS TEST 48
(Batch 204)

1 10
VERTICAL STRESS

100
(ksc)

Figure A.9 Compression Curve (cv versus log a'vc) from DSS Test 48.
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DSS TEST
(Batch 204)

50
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VERTICAL STRESS (ksc)

Figure A.10 Compression Curve (cv versus log cr'v) from DSS Test 50.

5

10

15

20
(%)

25
0.1 100



242

DSS TEST 51
(Batch 204)

1 10
VERTICAL STRESS (ksc)

Compression Curve (Ev versus log a'vc) from DSS Test 51.
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UNDRAINED SHEAR RESULTS FROM GEONOR DSS
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 14

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

1. Test Name : DSS 14

2. Date 2/7/89

3. OCR : 1

4. Ver. Consolidation Stress (ksc) :11.9917

5. Pre-Shear Height (cm) :1.971199

6. Horizontal Shear Load Cell:

Zero: 0.024804

CF: -349.011

8. Vertical Stress Load Cell:

Zero: 0.107548

CF: -1188.86

shr.stn

0.000

0.003
0.010
0.011

0.019

0.021

0.025

0.015

0.015

0.029

0.072
0.077
0.072
0.086
0.095

0.154

0.194

0.202

0.224

0.260

0.299

0.359

0.418

0.481

0.535

0.600

0.698

0.774

0.851

0.887

0.963

sh.sts.

0.001

0.020
0.023
0.026

0.029

0.032
0.035

0.037
0.040
0.043

0.049

0.055

0.061

0.067

0.073
0.079
0.085

0.090
0.095
0.100

0.106
0.111

0.115

0.120

0.124

0.128

0.132
0.136

0.139

0.143

0.146

ndeLU.

0.000

0.008

0.008

0.008

0.008

0.009

0.011

0.012

0.014

0.015

0.017

0.021

0.026

0.030

0.035
0.041
0.046
0.052

0.059

0.066

0.072
0.079
0.087

0.095
0.105

0.113

0.121

0.130

0.139

0.147

0.155

nv.sts. nsh./v.st

1.001

0.992
0.992
0.992
0.992
0.991
0.989

0.988

0.986

0.985

0.983
0.979
0.974
0.970
0.965

0.959

0.954
0.948
0.941
0.934
0.928

0.921

0.913

0.905
0.895

0.887
0.879
0.870

0.861
0.853

0.845

0.001

0.020

0.023

0.026

0.029

0.032
0.035

0.038

0.041

0.044

0.050

0.056

0.063

0.069

0.076

0.082

0.089

0.095

0.101

0.108

0.114

0.120

0.126

0.132

0.139

0.144

0.150

0.156
0.162

0.168

0.173

7. Horizontal Displacement Transducer:

Zero: 0.137151

CF: 2.2815

9. Vertical Height Transducer:

Zero: 0.000913

CF: 2.0655

sh./su
0.005

0.102

0.117

0.132

0.147

0.163

0.177

0.192

0.207

0.223

0.253

0.284

0.314

0.345

0.376

0.406

0.436

0.464
0.491
0.517
0.544

0.568

0.593

0.616

0.638

0.659

0.679
0.699
0.717
0.736

0.752

eu/su
9999.0
9999.0
3375.1
3388.6
2186.7
2279.6
2036.1

3724.1

4090.6

2252.4

1035.5
1088.9
1294.6
1184.5
1170.9

779.4
664.9
681.3
649.1
589.8

540.4

471.0

422.2
380.6

354.5

326.9

289.9

269.0

251.0
246.9
232.7

sh/mpp

0.001

0.020

0.023

0.026

0.029

0.032
0.035
0.037

0.040

0.043
0.049

0.055
0.061

0.067

0.073
0.079
0.085
0.090

0.095

0.100

0.106

0.111

0.115

0.120

0.124

0.128
0.132
0.136

0.139

0.143

0.146

v.sts/mpp

1.001

0.992

0.992

0.992

0.992
0.991

0.989

0.988

0.986

0.985

0.983

0.979
0.974
0.970

0.965
0.959

0.954
0.948

0.941

0.934

0.928

0.921

0.913

0.905

0.895

0.887

0.879

0.870

0.861

0.853

0.845

v.stn

0.000

-0.000

-0.005

-0.004

-0.004
-0.005

-0.005

-0.004

-0.006

-0.006

-0.005

-0.007

-0.008

-0.008

-0.009

-0.009

-0.010

-0.009

-0.010

-0.009

-0.009

-0.009

-0.008

-0.006

-0.006

-0.004

-0.001

0.001

0.003

0.006

0.010



shr.stn
1.047
1.115
1.238
1.311

1.387
1.506

1.612
1.725
1.838
1.965
2.095

2.217
2.308

2.445
2.537
2.666
2.789
2.913
3.049
3.191
3.338
3.445
3.577
3.738
3.873
4.014
4.152
4.295
4.436
4.579
4.714
4.856
5.009
5.155

5.298
5.462
5.611
5.756
5.902
6.050
6.196

6.346
6.496

6.645
6.798
6.946
7.103
7.261

7.409
7.562
7.712
7.868

sh.sts.
0.149

0.152
0.155

0.158
0.160
0.163

0.165

0.167

0.169

0.171

0.173
0.174
0.176
0.177
0.179
0.180

0.181
0.182

0.184
0.184
0.185

0.186
0.187

0.188
0.188
0.189

0.189

0.190

0.190
0.191
0.191
0.192

0.192

0.192

0.192

0.193

0.193

0.193

0.193

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

ndetU.
0.165

0.174
0.183
0.191

0.200
0.209

0.218
0.227
0.236
0.245
0.253
0.260
0.268
0.276
0.283
0.291
0.298
0.305

0.313

0.320

0.328
0.336
0.342

0.349

0.356

0.361
0.367
0.371
0.376
0.381
0.386
0.391
0.395
0.400
0.407
0.411
0.415

0.419

0.423
0.427
0.430

0.435

0.438
0.442

0.446
0.450

0.452

0.454

0.457
0.461

0.464
0.468

nv.sts.

0.835
0.826
0.817
0.809

0.800

0.791
0.782
0.773
0.764
0.755
0.747
0.740
0.732
0.724
0.717
0.709

0.702

0.695

0.687
0.680
0.672
0.664
0.658

0.651

0.644
0.639

0.633

0.629

0.624
0.619

0.614
0.609
0.605
0.600
0.593

0.589
0.585

0.581
0.577
0.573
0.570
0.565

0.562

0.558

0.554

0.550

0.548

0.546

0.543

0.539

0.536
0.532

nsh./v.st
0.179
0.184
0.190

0.195

0.200

0.206
0.211
0.216
0.221

.0.226
0.231
0.236

0.240
0.245
0.249

0.254
0.258
0.262

0.267

0.271
0.276
0.281
0.284
0.288
0.292

0.295

0.299
0.302
0.305
0.308
0.311

0.315

0.318

0.321

0.325
0.327
0.330
0.332
0.335
0.338

0.339

0.343
0.345
0.348

0.350
0.353

0.354

0.356
0.358
0.361

0.363
0.365

sh./su
0.768

0.783
0.798
0.812
0.825

0.837

0.848
0.860
0.870
0.880
0.889
0.897

0.905

0.912
0.919
0.925

0.932

0.937
0.944

0.948

0.953

0.957
0.961
0.965

0.967
0.971
0.972
0.976
0.978
0.981
0.983

0.985

0.988
0.988
0.990
0.991
0.992
0.992
0.994
0.996
0.995
0.997
0.997
0.998
0.998
0.999
0.999
0.999
0.999
0.999
1.000
0.999

eu/su
218.5
209.3

192.1
184.7
177.2
165.6
156.7
148.6
141.0

133.5

126.5
120.7
116.9
111.2

108.1
103.5
99.7

96.0
92.3
88.7

85.2
82.9
80.1

77.0
74.5

72.2
69.9
67.8
65.8
63.9
62.2

60.5

58.8
57.2
55.7
54.1
52.8
51.4
50.3
49.1
47.9
46.9

45.8
44.8
43.8
42.9
42.0
41.1

40.3
39.4
38.7
37.9

sh/mpp

0.149
0.152
0.155
0.158

0.160

0.163

0.165

0.167

0.169

0.171
0.173
0.174
0.176
0.177
0.179
0.180

0.181

0.182

0.184
0.184
0.185

0.186
0.187

0.188
0.188
0.189

0.189

0.190

0.190

0.191
0.191
0.192

0.192

0.192

0.192

0.193

0.193

0.193

0.193

0.194

0.194
0.194

0.194

0.194
0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

v.sts/mpp

0.835

0.826

0.817
0.809
0.800
0.791
0.782
0.773
0.764
0.755
0.747
0.740
0.732
0.724

0.717
0.709

0.702

0.695
0.687
0.680
0.672
0.664
0.658
0.651

0.644
0.639
0.633

0.629
0.624
0.619
0.614
0.609
0.605
0.600
0.593
0.589

0.585

0.581

0.577
0.573
0.570
0.565

0.562

0.558

0.554

0.550
0.548
0.546

0.543

0.539
0.536

0.532

v.stn
0.012
0.015

0.017
0.022

0.025

0.029

0.031
0.036

0.035

0.039

0.041
0.043

0.046

0.051
0.053

0.056
0.058

0.062
0.063

0.065

0.067

0.067

0.069

0.069

0.071
0.072

0.073
0.074
0.076
0.078
0.078
0.082

0.082

0.084
0.084
0.085
0.086
0.086
0.088
0.088
0.091
0.092
0.093

0.094

0.093

0.095

0.096

0.097
0.101
0.101
0.102

0.103
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shr.stn

8.032
8.167
8.343
8.474
8.630
8.789
8.958
9.112

9.251
9.408

9.579
9.744
9.734
9.987

10.234
10.482

10.725
10.936
11.196
11.437

11.644
11.897

12.104

12.342
12.589
12.838
13.098

13.339
13.580
13.831
14.083
14.328

14.582

14.820

15.068
15.321

15.581

15.835
16.092
16.359
16.606
16.879
17.126

17.386
17.639
17.895
18.148

18.406
18.667
18.932
19.197

19.449

sh.sts.

0.194
0.194
0.194

0.194

0.194
0.194
0.194
0.194

0.193
0.193
0.191

0.192
0.192
0.192

0.192
0.192

0.191
0.191

0.191

0.190
0.190

0.190
0.189
0.189
0.188
0.188
0.187

0.186
0.186
0.185

0.184
0.183
0.183
0.182
0.181

0.180
0.178
0.177
0.176
0.174
0.172
0.171
0.170
0.168
0.167
0.166
0.164
0.163
0.162
0.160
0.158
0.157

ndetU.
0.470
0.473
0.476
0.478
0.480
0.484
0.487
0.490
0.496
0.497
0.504
0.505
0.505
0.507
0.511
0.512
0.519
0.521
0.524
0.527
0.528
0.530
0.535
0.540
0.542

0.544
0.549
0.552
0.555
0.561
0.564
0.568
0.569
0.572
0.577
0.581
0.587

0.590
0.597
0.602
0.609
0.612
0.618
0.623
0.630
0.632
0.638
0.641
0.649
0.655
0.658
0.664

nv.sts.

0.530
0.527
0.524
0.522
0.520
0.516
0.513
0.510

0.504

0.503
0.496

0.495
0.495
0.493
0.489

0.488
0.481

0.479
0.476
0.473
0.472
0.470
0.465
0.460
0.458

0.456

0.451

0.448

0.445

0.439

0.436
0.432

0.431

0.428
0.423
0.419

0.413

0.410
0.403
0.398
0.391
0.388
0.382
0.377
0.370
0.368
0.362
0.359
0.351
0.345
0.342
0.336

nsh./v.st

0.367
0.368
0.370
0.372
0.373
0.376
0.378
0.380
0.384
0.384
0.386
0.388
0.388
0.390
0.393
0.393
0.398
0.399
0.401

0.403

0.403

0.404
0.407
0.410
0.411

0.411

0.415

0.416
0.417
0.421

0.423
0.424

0.423
0.425
0.427
0.429
0.432

0.432
0.436
0.438
0.440

0.441

0.444

0.447
0.451

0.451
0.454

0.454
0.460

0.463
0.463
0.467

sh./su

0.999
0.999
0.998
0.999
0.998
0.998
0.997
0.996
0.995
0.993
0.984
0.988
0.988
0.989
0.988
0.986
0.984
0.982
0.981

0.979
0.978
0.976
0.974
0.970
0.968
0.965
0.962

0.959
0.955

0.951

0.946

0.942

0.939

0.934

0.929
0.923
0.916
0.910
0.903
0.895

0.886
0.879
0.873
0.865
0.858

0.851

0.844
0.838
0.831
0.822
0.814
0.807

eu/su

37.1
36.5
35.7
35.2
34.5
33.9
33.2
32.6
32.1
31.5
30.7
30.2
30.3
29.6
28.8

28.1

27.4

26.8

26.1

25.5

25.1

24.5
24.0
23.4

22.9
22.4
21.9

21.4

21.0

20.5

20.0

19.6

19.2

18.8

18.4

18.0

17.5
17.1
16.7
16.3
15.9

15.5

15.2

14.8

14.5

14.2

13.9
13.6
13.3
12.9
12.6
12.4

sh/mpp

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.193

0.193

0.191

0.192

0.192

0.192

0.192

0.192

0.191

0.191

0.191

0.190

0.190

0.190

0.189

0.189

0.188

0.188
0.187

0.186
0.186
0.185

0.184

0.183

0.183
0.182

0.181

0.180

0.178
0.177
0.176
0.174
0.172
0.171
0.170

0.168
0.167

0.166
0.164
0.163

0.162

0.160

0.158

0.157

v.sts/mpp

0.530

0.527

0.524

0.522

0.520

0.516

0.513

0.510

0.504

0.503

0.496

0.495

0.495

0.493

0.489

0.488

0.481

0.479
0.476
0.473
0.472
0.470

0.465

0.460

0.458

0.456

0.451

0.448

0.445

0.439

0.436

0.432

0.431

0.428

0.423

0.419

0.413

0.410

0.403

0.398

0.391

0.388

0.382

0.377
0.370
0.368
0.362
0.359
0.351
0.345

0.342
0.336

v.stn

0.104

0.105

0.106

0.106

0.110

0.111

0.111

0.112

0.110
0.109

0.107
0.102
0.102

0.103

0.102

0.105

0.105

0.105

0.107

0.108

0.111

0.116

0.119

0.116

0.117

0.119

0.119

0.120

0.120

0.116

0.116

0.114

0.116

0.119

0.121

0.123

0.126

0.131

0.135

0.138

0.141

0.146

0.149

0.151
0.150

0.153

0.150

0.160

0.166
0.163

0.163

0.164
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shr.stn

19.700
19.945
20.199
20.450

20.708
20.960

21.207
21.454

21.706

21.957
22.204
22.454

22.701
22.948
23.189
23.428
23.677
23.918
24.157
24.389

24.630
24.873
25.118
25.359

25.604

25.843
26.090
26.327

26.572
26.819

27.060
27.301
27.546
27.786

28.013

28.256

28.502

28.738
28.986
29.221
29.457
29.705

29.935
30.178
30.417

30.694
30.905
31.163
31.368

31.630
31.847

sh.sts.

0.156
0.155
0.153

0.152
0.150
0.149

0.148
0.147
0.145
0.144
0.143

0.142

0.141

0.139
0.139
0.138
0.136
0.135
0.135
0.134
0.133
0.132
0.131
0.129
0.128
0.127
0.126
0.125

0.124

0.122
0.121
0.120
0.119
0.118
0.117
0.116
0.114
0.113

0.112
0.111

0.110
0.108
0.107
0.106
0.104
0.103
0.102

0.101
0.100

0.099
0.098

ndeLU.
0.666
0.669
0.675
0.681
0.684
0.688
0.691
0.696
0.699
0.703
0.707
0.711
0.715
0.716
0.718
0.722
0.726
0.728
0.731
0.734
0.736
0.739
0.743
0.744
0.747
0.750
0.753
0.755
0.758
0.762
0.763
0.768
0.769
0.770
0.773
0.778

0.780
0.782
0.786
0.788
0.792
0.795

0.796
0.801

0.803
0.808
0.809
0.810
0.812
0.813
0.816

nv. sts.

0.334
0.331

0.325

0.319
0.316
0.312

0.309

0.304
0.301

0.297
0.293
0.289
0.285
0.284
0.282
0.278
0.274
0.272
0.269

0.266
0.264
0.261
0.257
0.256

0.253

0.250

0.247
0.245
0.242
0.238
0.237
0.232
0.231

0.230
0.227
0.222

0.220

0.218
0.214
0.212
0.208
0.205

0.204
0.199

0.197
0.192

0.191

0.190
0.188
0.187

0.184

nsh./v.st
0.466
0.467
0.471
0.476
0.476
0.478
0.478
0.482
0.484

0.485
0.488
0.490
0.494
0.491
0.492
0.496
0.498
0.498
0.499
0.502
0.502

0.504
0.507
0.506
0.507
0.508
0.510
0.510
0.513
0.513
0.512
0.517
0.515
0.513
0.515
0.522
0.520

0.520
0.524
0.524

0.528

0.527
0.526

0.532

0.529

0.535
0.532
0.531
0.531
0.527
0.532

sh./su

0.801
0.795
0.788
0.781
0.773
0.767
0.761
0.755
0.748
0.741
0.735
0.728
0.723
0.716
0.712
0.708
0.702
0.696
0.692
0.687
0.682
0.677
0.671
0.666
0.660

0.654
0.648
0.643
0.637
0.629

0.623

0.617
0.611

0.606
0.602
0.595
0.588
0.582
0.575
0.570
0.564
0.556
0.551

0.543
0.537
0.528

0.523
0.518

0.513

0.508
0.503

32.099 0.097 0.818 0.182 0.531 0.498

eu/su sh/mpp v.sts/mpp

12.1 0.156 0.334

11.9 0.155 0.331

11.6 0.153 0.325

11.4 0.152 0.319

11.1 0.150 0.316

10.9 0.149 0.312

10.7 0.148 0.309

10.5 0.147 0.304

10.3 0.145 0.301

10.1 0.144 0.297

9.9 0.143 0.293

9.7 0.142 0.289

9.5 0.141 0.285

9.3 0.139 0.284

9.1 0.139 0.282

9.0 0.138 0.278

8.8 0.136 0.274

8.7 0.135 0.272

8.5 0.135 0.269

8.4 0.134 0.266

8.2 0.133 0.264

8.1 0.132 0.261

8.0 0.131 0.257

7.8 0.129 0.256

7.7 0.128 0.253

7.5 0.127 0.250

7.4 0.126 0.247

7.3 0.125 0.245

7.1 0.124 0.242

7.0 0.122 0.238

6.8 0.121 0.237

6.7 0.120 0.232

6.6 0.119 0.231

6.5 0.118 0.230

6.4 0.117 0.227

6.3 0.116 0.222

6.1 0.114 0.220

6.0 0.113 0.218

5.9 0.112 0.214

5.8 0.111 0.212

5.7 0.110 0.208

5.6 0.108 0.205

5.5 0.107 0.204

5.3 0.106 0.199

5.2 0.104 0.197
5.1 0.103 0.192

5.0 0.102 0.191

4.9 0.101 0.190

4.9 0.100 0.188

4.8 0.099 0.187

4.7 0.098 0.184

4.6 0.097 0.182

v.stn

0.166

0.169

0.177
0.174
0.176
0.177
0.174
0.174
0.174

0.170
0.176
0.171
0.169

0.169

0.177

0.182

0.180

0.186
0.184
0.189
0.187

0.192

0.192

0.194

0.191

0.191

0.193

0.198

0.197

0.195

0.196
0.196

0.197

0.201

0.204

0.205

0.204

0.206
0.204
0.206
0.208
0.207

0.209

0.207

0.209

0.203

0.204

0.207

0.209

0.212

0.215

0.217
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shr.stn sh.sts. ndetU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn

32.306 0.096 0.821 0.179 0.536 0.493 4.5 0.096 0.179 0.220

32.572 0.094 0.826 0.174 0.539 0.484 4.4 0.094 0.174 0.218

32.803 0.093 0.826 0.174 0.533 0.478 4.3 0.093 0.174 0.219

~1
''
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 18

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

Test Name : DSS 18

Date : 3/1/89

OCR : 1

Ver. Consolidation Stress (ksc) :9.03
Pre-Shear Height (cm) :1.979

6. Horizontal Shear Load Cell:

Zero: 0.3592

CF: -179.993

8. Vertical Stress Load Cell:

Zero: 0.3718

CF: -636.571

shr.stn

0.000

0.006

0.014

0.024

0.028

0.040

0.047

0.058

0.066
0.078
0.087
0.097

0.115

0.129

0.146

0.160

0.193

0.212

0.244

0.256

0.270

0.322

0.356

0.398
0.450

0.500

0.540

0.583
0.612
0.689
0.749

sh.sts.

-0.001

0.015

0.019

0.024

0.029

0.033

0.038

0.043

0.047

0.052

0.056

0.061

0.066
0.071
0.076
0.080

0.085

0.090

0.094

0.099

0.103

0.107

0.111

0.115
0.119

0.123

0.127

0.130

0.134

0.137

0.140

ndelU.

0.000

0.000

0.000

0.000

0.000

0.001

0.003

0.006

0.013

0.020

0.027

0.033

0.039
0.043

0.047

0.052
0.057
0.063
0.069

0.076

0.082

0.087

0.093

0.099

0.106

0.114

0.122

0.131

0.141

0.151

0.161

7. Horizontal Displacement Transducer:

Zero: 0.1571

CF: 2.2815

9. Vertical Height Transducer:

Zero: -0.002

CF: 2.0655

nv.sts.

1.000

1.000

1.000

1.000

1.000

0.999

0.997

0.994

0.987

0.980

0.973
0.967
0.961
0.957
0.953

0.948

0.943

0.937

0.931

0.924

0.918

0.913

0.907

0.901

0.894
0.886
0.878
0.869
0.859

0.849

0.839

nsh./v.st

-0.001

0.015

0.019

0.024

0.029

0.033

0.038

0.043
0.048

0.053

0.058

0.063

0.069

0.074

0.079

0.085

0.090

0.096

0.101

0.107

0.112

0.117
0.123

0.128

0.133

0.139

0.144

0.150

0.155

0.161

0.167

sh./su
-0.006
0.078
0.101
0.125

0.149

0.174

0.198

0.223

0.248

0.272

0.295

0.320

0.345

0.370

0.394

0.419

0.444

0.467

0.492

0.514

0.536

0.559

0.581

0.602

0.622
0.641
0.661
0.679
0.697

0.714
0.731

eu/su

9999.0
3978.3
2263.3
1663.9
1673.2
1355.7

1290.0

1181.0

1157.1

1064.1

1031.7

1009.3

916.0

871.8

821.9

796.2
699.9
669.7
611.8

609.3

601.9

525.5

493.9

457.4

418.3

388.0

370.1

352.6

344.3

313.5

295.1

sh/mpp

-0.001

0.015

0.019

0.024

0.029

0.033

0.038

0.043

0.047

0.052

0.056
0.061

0.066

0.071
0.076
0.080

0.085

0.090

0.094

0.099

0.103

0.107

0.111

0.115

0.119

0.123

0.127

0.130

0.134

0.137

0.140

v.sts/mppv.stn

1.000 0.000

1.000 0.003

1.000 0.005

1.000 0.005

1.000 0.004

0.999 0.005

0.997 0.005

0.994 0.006

0.987 0.005

0.980 0.006

0.973 0.004

0.967 0.001

0.961 0.003

0.957 0.003

0.953 0.002

0.948 0.006

0.943 0.003

0.937 0.004

0.931 0.004

0.924 0.007

0.918 0.006

0.913 0.009

0.907 0.010

0.901 0.013

0.894 0.013

0.886 0.015

0.878 0.018
0.869 0.017

0.859 0.022

0.849 0.023

0.839 0.024
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shr.stn sh.sts. ndetU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mppv.stn

0.797 0.143 0.168 0.832 0.172 0.748 283.9 0.143 0.832 0.028

0.872 0.146 0.175 0.825 0.177 0.764 264.9 0.146 0.825 0.027

0.928 0.149 0.184 0.816 0.183 0.779 253.5 0.149 0.816 0.030

1.026 0.152 0.191 0.809 0.188 0.794 233.7 0.152 0.809 0.037

1.085 0.155 0.200 0.800 0.193 0.807 224.8 0.155 0.800 0.040

1.168 0.157 0.209 0.791 0.199 0.821 212.3 0.157 0.791 0.042

1.254 0.160 0.217 0.783 0.204 0.833 200.7 0.160 0.783 0.047

1.349 0.162 0.225 0.775 0.209 0.845 189.3 0.162 0.775 0.048

1.443 0.164 0.229 0.771 0.213 0.857 179.5 0.164 0.771 0.050
1.521 0.166 0.236 0.764 0.218 0.868 172.3 0.166 0.764 0.053
1.619 0.168 0.245 0.755 0.223 0.879 163.9 0.168 0.755 0.060
1.725 0.170 0.253 0.747 0.228 0.888 155.4 0.170 0.747 0.070
1.834 0.172 0.265 0.735 0.234 0.897 147.7 0.172 0.735 0.075
1.918 0.174 0.276 0.724 0.240 0.905 142.6 0.174 0.724 0.070
2.039 0.175 0.284 0.716 0.245 0.914 135.3 0.175 0.716 0.075
2.135 0.177 0.294 0.706 0.250 0.922 130.3 0.177 0.706 0.076

2.257 0.178 0.302 0.698 0.255 0.928 124.2 0.178 0.698 0.077

2.376 0.179 0.308 0.692 0.259 0.935 118.8 0.179 0.692 0.081

2.483 0.180 0.317 0.683 0.264 0.941 114.4 0.180 0.683 0.080
2.622 0.182 0.323 0.677 0.269 0.949 109.2 0.182 0.677 0.085

2.722 0.183 0.330 0.670 0.273 0.954 105.7 0.183 0.670 0.087
2.859 0.184 0.339 0.661 0.278 0.959 101.2 0.184 0.661 0.089
2.975 0.185 0.344 0.656 0.281 0.963 97.7 0.185 0.656 0.093
3.124 0.185 0.350 0.650 0.285 0.968 93.5 0.185 0.650 0.096

3.260 0.186 0.354 0.646 0.288 0.972 89.9 0.186 0.646 0.101
3.394 0.187 0.363 0.637 0.293 0.975 86.7 0.187 0.637 0.101

3.538 0.188 0.369 0.631 0.297 0.979 83.5 0.188 0.631 0.104
3.674 0.188 0.376 0.624 0.301 0.982 80.6 0.188 0.624 0.107

3.814 0.189 0.383 0.617 0.306 0.985 77.9 0.189 0.617 0.109
3.957 0.189 0.390 0.610 0.310 0.987 75.2 0.189 0.610 0.111

4.100 0.190 0.393 0.607 0.313 0.990 72.8 0.190 0.607 0.112

4.244 0.190 0.404 0.596 0.319 0.991 70.5 0.190 0.596 0.112

4.395 0.190 0.413 0.587 0.324 0.992 68.1 0.190 0.587 0.106

4.548 0.190 0.420 0.580 0.328 0.993 65.9 0.190 0.580 0.102

4.701 0.190 0.426 0.574 0.331 0.993 63.7 0.190 0.574 0.101
4.851 0.190 0.431 0.569 0.335 0.994 61.8 0.190 0.569 0.100

5.004 0.191 0.435 0.565 0.337 0.994 59.9 0.191 0.565 0.099

5.155 0.191 0.440 0.560 0.341 0.996 58.3 0.191 0.560 0.097

5.306 0.191 0.440 0.560 0.341 0.996 56.7 0.191 0.560 0.100
5.458 0.191 0.448 0.552 0.346 0.998 55.2 0.191 0.552 0.101
5.610 0.191 0.454 0.546 0.350 0.998 53.6 0.191 0.546 0.102

5.781 0.191 0.455 0.545 0.351 0.998 52.1 0.191 0.545 0.102

5.917 0.191 0.461 0.539 0.355 0.998 50.9 0.191 0.539 0.103

6.073 0.191 0.464 0.536 0.357 0.999 49.6 0.191 0.536 0.103
6.230 0.192 0.472 0.528 0.363 0.999 48.4 0.192 0.528 0.103

6.392 0.192 0.473 0.527 0.363 0.999 47.2 0.192 0.527 0.102

6.552 0.192 0.477 0.523 0.366 1.000 46.1 0.192 0.523 0.105

6.712 0.191 0.482 0.518 0.369 0.999 44.9 0.191 0.518 0.106

6.872 0.191 0.486 0.514 0.373 0.999 43.9 0.191 0.514 0.104

7.026 0.191 0.487 0.513 0.373 0.999 42.9 0.191 0.513 0.107

7.181 0.192 0.489 0.511 0.375 1.000 42.0 0.192 0.511 0.107

7.337 0.191 0.495 0.505 0.379 0.999 41.1 0.191 0.505 0.109



fl
shr.stn

7.509
7.652
7.812
7.970
8.124

8.279
8.437
8.604
8.765
8.928
9.085
9.246
9.412
9.571
9.732
9.905

10.068
10.229

10.395
10.559

10.724
10.883

11.040
11.199
11.356

11.515

11.676
11.837
11.996
12.155

12.314

12.472
12.631
12.790
12.949

13.110

13.271
13.435

13.598
13.763
13.921

14.090

14.251

14.412

14.578
14.741
14.907
15.075
15.243

15.407
15.570
15.743

sh.sts.

0.191
0.191
0.191
0.191
0.191
0.191
0.191
0.191

0.191
0.190
0.190
0.190

0.190

0.190

0.189

0.189
0.189

0.189

0.188
0.188
0.188
0.188
0.188
0.188
0.187
0.187
0.187
0.187
0.187
0.187
0.187
0.186
0.186
0.186
0.186
0.186

0.185
0.185
0.185
0.185
0.184

0.184
0.184
0.183
0.183
0.183
0.182
0.182
0.181
0.181
0.180
0.180

ndetU.
0.496

0.501

0.502
0.506

0.507
0.510

0.516
0.521

0.521
0.521
0.522

0.529

0.532

0.532

0.538

0.543

0.542
0.544

0.546

0.549

0.550
0.550

0.552
0.552
0.554

0.557
0.558

0.559

0.560

0.562

0.565

0.567

0.568
0.569
0.572
0.572
0.575
0.578
0.578
0.579
0.583
0.585
0.586
0.586
0.592
0.592
0.592
0.598
0.598
0.599
0.602
0.606

nv.sts.

0.504
0.499
0.498
0.494
0.493
0.490
0.484
0.479
0.479
0.479
0.478
0.471
0.468
0.468
0.462

0.457
0.458

0.456
0.454

0.451

0.450
0.450
0.448
0.448

0.446

0.443

0.442
0.441
0.440
0.438
0.435

0.433
0.432
0.431

0.428
0.428

0.425
0.422
0.422

0.421

0.417
0.415

0.414

0.414
0.408

0.408

0.408
0.402
0.402

0.401
0.398
0.394

nsh./v.st
0.380

0.384
0.384
0.387
0.388
0.390
0.394

0.398
0.398
0.398
0.399
0.404
0.406

0.405

0.410
0.413
0.412
0.413

0.415

0.417
0.418

0.418
0.418

0.419
0.420
0.423
0.424

0.424

0.424
0.426

0.429

0.430
0.431

0.432
0.434

0.434

0.436

0.439
0.438

0.439

0.442
0.443

0.443
0.443

0.449
0.447
0.447
0.452
0.451
0.450
0.453

0.455

sh./su

0.999
0.999
0.998
0.998
0.997
0.998
0.997
0.995
0.994
0.994
0.994
0.993
0.991
0.989

0.989

0.986
0.984
0.984
0.983

0.982

0.980

0.980
0.979
0.978
0.978
0.977
0.976
0.975
0.975
0.974
0.973
0.972
0.971
0.971
0.970
0.969

0.967

0.967

0.964
0.964
0.962
0.960
0.959

0.957

0.956

0.953

0.952
0.948
0.946

0.944

0.941

0.937

eu/su

40.1

39.4

38.6

37.8
37.0
36.4
35.6

34.9

34.2

33.6

33.0

32.4

31.8

31.2

30.7

30.0

29.5

29.0

28.5

28.1

27.6

27.2

26.8

26.4

26.0

25.6

25.2

24.9

24.5

24.2

23.9

23.5

23.2

22.9

22.6

22.3

22.0

21.7

21.4

21.1

20.9

20.6

20.3

20.1

19.8

19.5
19.3
19.0
18.7

18.5

18.2

18.0

sh/mpp

0.191

0.191

0.191

0.191

0.191

0.191

0.191

0.191

0.191

0.190

0.190

0.190

0.190

0.190

0.189

0.189

0.189

0.189
0.188
0.188
0.188
0.188
0.188
0.188
0.187

0.187

0.187

0.187

0.187

0.187

0.187

0.186
0.186
0.186
0.186
0.186
0.185

0.185

0.185

0.185

0.184
0.184
0.184
0.183
0.183
0.183
0.182

0.182

0.181

0.181

0.180

0.180

v.sts/mpp

0.504

0.499

0.498

0.494

0.493

0.490

0.484
0.479
0.479
0.479
0.478
0.471
0.468
0.468
0.462

0.457
0.458
0.456

0.454

0.451

0.450

0.450

0.448

0.448

0.446

0.443

0.442

0.441

0.440

0.438

0.435

0.433

0.432

0.431

0.428

0.428

0.425

0.422

0.422

0.421

0.417

0.415

0.414

0.414

0.408

0.408

0.408

0.402

0.402

0.401

0.398

0.394

v.stn

0.107

0.109

0.111

0.111

0.113

0.113

0.113

0.110

0.110

0.114

0.118

0.118

0.115

0.117

0.115

0.110

0.109

0.111

0.112

0.113

0.112

0.114

0.118

0.121

0.125

0.126

0.127

0.130

0.133

0.134

0.135

0.135

0.137

0.140

0.140

0.142

0.142

0.144

0.143

0.144
0.145

0.145

0.145

0.147

0.146

0.146

0.148

0.149

0.147

0.148

0.150

0.149
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shr.stn
15.911

16.079
16.238
16.420

16.606

16.790
16.965
17.147

17.320
17.488
17.663
17.840
18.015

18.197

18.386
18.575
18.757
18.927

19.101

19.279
19.454

19.636
19.822

19.999

20.174
20.354

20.524

20.704
20.881
21.066

21.238

21.418

21.602
21.777

21.952

22.129

22.318

22.507

22.703
22.887
23.071
23.264
23.446
23.631
23.796
23.964
24.151

24.321

24.485

24.667
24.839
25.007

sh.sts.

0.179
0.178
0.178
0.177
0.175
0.174
0.173
0.172

0.171
0.170
0.169

0.168
0.167

0.166
0.165

0.164
0.163
0.162

0.161
0.160
0.159
0.158
0.157
0.156

0.155
0.154

0.153

0.152
0.151
0.150
0.149

0.148

0.147

0.146
0.145

0.144

0.143

0.141
0.140

0.138

0.137

0.136
0.135
0.133

0.133

0.132

0.131
0.130

0.129

0.128

0.127

0.126

ndetU.
0.606
0.607
0.612
0.620
0.625

0.625
0.628
0.634
0.634

0.637
0.642
0.643
0.650
0.653
0.659
0.662
0.663
0.665
0.671
0.672
0.677
0.682
0.683
0.685
0.690
0.691
0.695
0.698
0.703

0.703
0.706
0.711
0.712
0.717
0.718
0.723
0.725
0.730
0.734
0.735
0.741
0.742
0.748
0.748
0.749
0.754
0.756
0.757
0.762
0.763
0.764
0.768

nv.sts.

0.394
0.393

0.388
0.380
0.375
0.375
0.372
0.366
0.366
0.363
0.358
0.357
0.350
0.347
0.341
0.338

0.337
0.335

0.329

0.328
0.323
0.318
0.317
0.315

0.310

0.309

0.305

0.302

0.297

0.297

0.294

0.289

0.288
0.283
0.282

0.277
0.275
0.270
0.266
0.265

0.259
0.258
0.252

0.252
0.251
0.246

0.244

0.243

0.238
0.237
0.236
0.232

nsh./v.st
0.454

0.453
0.457
0.465

0.467
0.464
0.465

0.469

0.467
0.468
0.473
0.471
0.478
0.479
0.483

0.485
0.483
0.483
0.490

0.488
0.493

0.498

0.495
0.496
0.500
0.499
0.502
0.505
0.509
0.506
0.508
0.512
0.510
0.515
0.513
0.520
0.519
0.523
0.525

0.522
0.530
0.526
0.533
0.530
0.527
0.537
0.536

0.533

0.542
0.539
0.538
0.545

sh./su
0.933

0.931

0.927

0.921

0.913

0.906

0.902

0.895

0.891

0.887
0.883
0.878
0.873
0.867
0.861
0.854

0.849
0.845
0.840
0.835
0.831
0.825

0.818

0.814

0.809

0.804

0.800

0.795
0.789
0.783
0.779
0.772
0.767
0.762
0.757
0.751
0.744
0.737
0.728
0.722
0.715
0.709
0.702
0.696
0.692

0.689
0.681
0.677
0.674
0.667
0.663
0.658

eu/su
17.7
17.5
17.2
16.9

16.6

16.3

16.0

15.8

15.5

15.3

15.1

14.9

14.6

14.4

14.1

13.9

13.7

13.5

13.3

13.1

12.9

12.7

12.5
12.3
12.1
11.9

11.8

11.6

11.4

11.2

11.1

10.9
10.7
10.6
10.4
10.3
10.1
9.9

9.7

9.5

9.4

9.2

9.1

8.9

8.8

8.7

8.5

8.4

8.3

8.2

8.1

8.0

sh/mpp
0.179
0.178
0.178
0.177
0.175
0.174
0.173
0.172

0.171
0.170

0.169

0.168
0.167

0.166
0.165

0.164
0.163

0.162

0.161

0.160

0.159
0.158

0.157
0.156
0.155

0.154

0.153

0.152

0.151
0.150

0.149

0.148

0.147
0.146

0.145
0.144

0.143

0.141
0.140
0.138

0.137
0.136

0.135

0.133

0.133

0.132
0.131
0.130

0.129

0.128

0.127
0.126

v.sts/mpp
0.394

0.393

0.388
0.380
0.375
0.375
0.372
0.366
0.366
0.363

0.358
0.357
0.350

0.347
0.341

0.338

0.337
0.335

0.329
0.328

0.323
0.318
0.317
0.315

0.310
0.309

0.305

0.302

0.297
0.297

0.294

0.289

0.288

0.283

0.282

0.277
0.275

0.270

0.266

0.265

0.259
0.258

0.252

0.252
0.251
0.246

0.244

0.243

0.238

0.237
0.236

0.232

v.stn
0.152
0.152
0.155
0.146

0.142

0.140
0.142
0.137

0.141
0.143

0.140

0.144

0.144

0.145
0.138

0.139

0.140
0.143

0.144

0.144

0.148

0.144

0.144

0.150
0.149

0.149

0.152
0.156

0.153

0.150
0.153
0.151
0.157
0.156
0.156

0.159
0.158

0.153

0.152
0.154

0.154
0.156
0.152
0.151
0.156
0.157
0.155

0.156
0.158

0.156
0.160

0.158

~i
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shr.stn sh.sts. ndeLU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn
25.183 0.125 0.769 0.231 0.543 0.653 7.9 0.125 0.231 0.159
25.346 0.125 0.771 0.229 0.545 0.650 7.8 0.125 0.229 0.162
25.526 0.123 0.776 0.224 0.551 0.644 7.6 0.123 0.224 0.158
25.701 0.122 0.777 0.223 0.549 0.639 7.5 0.122 0.223 0.156
25.865 0.122 0.777 0.223 0.546 0.635 7.4 0.122 0.223 0.160
26.028 0.121 0.780 0.220 0.552 0.633 7.4 0.121 0.220 0.162
26.201 0.120 0.784 0.216 0.557 0.627 7.2 0.120 0.216 0.159
26.381 0.119 0.785 0.215 0.553 0.622 7.1 0.119 0.215 0.160
26.544 0.118 0.785 0.215 0.551 0.618 7.1 0.118 0.215 0.163
26.717 0.118 0.791 0.209 0.562 0.614 7.0 0.118 0.209 0.163
26.894 0.116 0.791 0.209 0.558 0.608 6.8 0.116 0.209 0.161
27.053 0.116 0.791 0.209 0.555 0.605 6.8 0.116 0.209 0.163

27.221 0.115 0.797 0.203 0.566 0.601 6.7 0.115 0.203 0.163
27.401 0.114 0.798 0.202 0.563 0.594 6.6 0.114 0.202 0.162
27.567 0.113 0.798 0.202 0.560 0.591 6.5 0.113 0.202 0.161

27.728 0.112 0.801 0.199 0.566 0.587 6.4 0.112 0.199 0.163
27.898 0.112 0.802 0.198 0.563 0.583 6.3 0.112 0.198 0.165
28.057 0.111 0.802 0.198 0.562 0.580 6.3 0.111 0.198 0.167
28.216 0.111 0.803 0.197 0.562 0.578 6.2 0.111 0.197 0.172
28.379 0.110 0.808 0.192 0.572 0.574 6.1 0.110 0.192 0.172
28.550 0.109 0.808 0.192 0.567 0.568 6.0 0.109 0.192 0.174

28.704 0.108 0.808 0.192 0.565 0.566 6.0 0.108 0.192 0.175
28.858 0.108 0.812 0.188 0.574 0.563 5.9 0.108 0.188 0.178
29.033 0.107 0.814 0.186 0.575 0.557 5.8 0.107 0.186 0.175
29.194 0.106 0.814 0.186 0.570 0.553 5.7 0.106 0.186 0.178
29.353 0.106 0.816 0.184 0.573 0.551 5.7 0.106 0.184 0.181
29.531 0.104 0.821 0.179 0.582 0.543 5.6 0.104 0.179 0.174
29.699 0.103 0.821 0.179 0.577 0.538 5.5 0.103 0.179 0.176
29.869 0.102 0.824 0.176 0.581 0.533 5.4 0.102 0.176 0.174
30.028 0.101 0.824 0.176 0.576 0.529 5.3 0.101 0.176 0.172
30.185 0.101 0.825 0.175 0.578 0.526 5.3 0.101 0.175 0.176
30.350 0.100 0.830 0.170 0.586 0.521 5.2 0.100 0.170 0.174
30.514 0.099 0.829 0.171 0.581 0.517 5.1 0.099 0.171 0.176
30.668 0.099 0.830 0.170 0.579 0.515 5.1 0.099 0.170 0.178
30.827 0.098 0.832 0.168 0.585 0.511 5.0 0.098 0.168 0.180
30.986 0.097 0.834 0.166 0.586 0.506 5.0 0.097 0.166 0.180
31.152 0.096 0.836 0.164 0.587 0.502 4.9 0.096 0.164 0.184
31.320 0.095 0.839 0.161 0.590 0.497 4.8 0.095 0.161 0.183
31.481 0.094 0.839 0.161 0.584 0.492 4.7 0.094 0.161 0.185
31.634 0.094 0.839 0.161 0.583 0.490 4.7 0.094 0.161 0.188
31.784 0.093 0.840 0.160 0.584 0.487 4.6 0.093 0.160 0.192
31.945 0.093 0.842 0.158 0.587 0.483 4.6 0.093 0.158 0.200
32.108 0.092 0.844 0.156 0.589 0.479 4.5 0.092 0.156 0.200
32.274 0.091 0.846 0.154 0.588 0.473 4.5 0.091 0.154 0.200
32.431 0.090 0.847 0.153 0.589 0.470 4.4 0.090 0.153 0.202
32.587 0.089 0.848 0.152 0.586 0.465 4.3 0.089 0.152 0.208
32.737 0.089 0.849 0.151 0.587 0.463 4.3 0.089 0.151 0.209
32.900 0.088 0.854 0.146 0.599 0.457 4.2 0.088 0.146 0.209
33.085 0.086 0.856 0.144 0.596 0.449 4.1 0.086 0.144 0.204
33.239 0.085 0.856 0.144 0.591 0.445 4.1 0.085 0.144 0.205
33.388 0.085 0.856 0.144 0.589 0.442 4.0 0.085 0.144 0.207
33.547 0.084 0.859 0.141 0.593 0.437 4.0 0.084 0.141 0.208



r

Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 22

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

1. Test Name : DSS 22

2. Date : 3/11/89

3. OCR : 1

4. Ver. Consolidation Stress (ksc) :5.9916

5. Pre-Shear Height (cm) :2.0362

6. Horizontal Shear Load Cell:

Zero: 0.36192

CF: -175.993

8. Vertical Stress Load Cell:

Zero: 0.37329

CF: -636.57

shr.stn

0.000

0.002

0.002

0.006

0.016

0.025
0.037

0.047

0.059

0.074

0.091

0.109

0.131

0.157
0.183
0.215
0.250

0.291

0.337

0.383

0.438

0.494

0.569

0.640

0.692

0.732

0.838

0.939

1.006

1.119

1.264

sh.sts.

-0.001

0.000

0.016

0.022

0.029

0.036

0.042

0.049

0.055

0.062

0.069

0.076

0.082

0.089

0.095

0.101

0.107

0.113

0.118

0.124

0.129

0.134
0.138
0.143

0.147

0.151

0.154

0.157

0.161

0.164

0.166

ndelU.

0.001

0.002

0.008

0.010

0.013

0.015

0.017

0.019

0.022

0.026

0.030

0.033

0.038

0.043

0.050

0.056

0.062
0.070
0.078
0.087
0.097
0.109

0.120

0.130

0.142

0.152

0.166

0.181

0.191
0.199
0.208

nv.sts.

0.999
0.998
0.992
0.990
0.987
0.985
0.983
0.981

0.978

0.974

0.970

0.967

0.962

0.957

0.950

0.944

0.938

0.930

0.922

0.913

0.903

0.891

0.880

0.870

0.858

0.848

0.834

0.819

0.809

0.801

0.792

nsh./v.st

-0.001

0.000

0.016

0.022

0.029

0.036

0.043

0.050

0.057
0.064
0.071
0.079
0.086

0.093

0.100

0.107

0.114

0.121

0.128

0.135

0.143

0.150
0.157
0.164
0.171

0.178
0.185

0.192

0.198

0.204
0.210

7. Horizontal Displacement Transducer:

Zero: 0.1579

CF: 2.2815

9. Vertical Height Transducer:

Zero: -0.0273

CF: 2.0655

sh./su

-0.005

0.001

0.079

0.113

0.145

0.180

0.213

0.248

0.281

0.316

0.351

0.386

0.418

0.451

0.482

0.513

0.544

0.572

0.601

0.627

0.653

0.677
0.701
0.723
0.743
0.763
0.781
0.798
0.814

0.830

0.843

eu/su
9999.0
774.9

9999.0
5716.4
2835.2

2178.6

1789.1

1597.1

1446.5

1305.6

1177.8
1072.0
967.8
871.6
798.7
722.4
657.4
595.3
539.1

494.9

450.3

414.3

372.0

341.2

324.4

314.6

281.2

256.6

244.3

223.7

201.3

sh/mpp
-0.001

0.000

0.016

0.022

0.029

0.036

0.042

0.049

0.055

0.062

0.069

0.076
0.082

0.089

0.095

0.101

0.107

0.113

0.118

0.124

0.129

0.134

0.138

0.143

0.147

0.151

0.154

0.157
0.161
0.164

0.166

v.sts/mpp
0.999
0.998
0.992

0.990
0.987

0.985

0.983

0.981

0.978

0.974

0.970

0.967

0.962

0.957

0.950

0.944

0.938

0.930

0.922

0.913

0.903

0.891
0.880
0.870

0.858

0.848
0.834
0.819
0.809

0.801

0.792

v.stn

0.000

0.002

-0.010

-0.010

-0.009

-0.013

-0.006

-0.008

-0.012

-0.005

0.000

0.002

0.005

0.004

0.001

0.005

0.012
0.012
0.007
0.010

0.015

0.013

0.015

0.031

0.039

0.026

0.026

0.039

0.038

0.043

0.053
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V
shr.stn

1.330
1.436
1.592
1.644
1.748
1.838
1.970
2.078
2.206
2.378
2.461

2.585

2.709
2.836
2.956
3.103
3.266
3.465
3.573
3.755
3.854
3.984
4.157
4.263
4.367
4.504
4.668
4.828
4.980
5.079
5.252
5.411
5.640
5.743
5.846
6.009
6.155

6.303
6.456
6.606
6.767
6.911
7.063
7.213
7.356
7.504
7.656
7.808

7.958
8.106
8.256
8.393

sh.sts.

0.169

0.172

0.174
0.176
0.178
0.180

0.181
0.183
0.184
0.185

0.186
0.187

0.188
0.189

0.190

0.191

0.191
0.192

0.193
0.193

0.193

0.194
0.194

0.195

0.195
0.195

0.196

0.196

0.196
0.196
0.197

0.197

0.197
0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

sh/mpp v.sts/mpp v.stnnde U.
0.221
0.232

0.243

0.254

0.265

0.275
0.282
0.292
0.303

0.313

0.320
0.330
0.337
0.346
0.354

0.362
0.370

0.377
0.386
0.393

0.400

0.406

0.411

0.415

0.419

0.423
0.429
0.433

0.437
0.443
0.449
0.455

0.459
0.461

0.463

0.467
0.473
0.477
0.482

0.483
0.485

0.490

0.494

0.494

0.497
0.503

0.506

0.510
0.513
0.514

0.515

0.519

nv.sts.

0.779
0.768
0.757
0.746
0.735
0.725
0.718
0.708

0.697
0.687
0.680
0.670

0.663
0.654

0.646
0.638

0.630
0.623

0.614

0.607
0.600
0.594

0.589

0.585

0.581

0.577
0.571
0.567

0.563

0.557
0.551

0.545

0.541
0.539

0.537
0.533

0.527
0.523
0.518

0.517
0.515

0.510
0.506

0.506

0.503

0.497
0.494
0.490
0.487
0.486
0.485

0.481

nsh./v.st sh./su

0.217 0.856

0.223 0.870

0.229 0.881

0.236 0.892

0.242 0.901

0.248 0.911

0.253 0.919

0.258 0.927

0.264 0.933

0.269 0.939

0.274 0.945

0.280 0.950

0.284 0.955

0.289 0.959

0.294 0.964

0.299 0.967

0.304 0.971

0.308 0.974

0.313 0.976

0.318 0.979

0.322 0.980

0.326 0.982
0.329 0.984

0.332 0.986

0.336 0.988

0.339 0.990

0.343 0.993

0.346 0.995

0.349 0.996

0.353 0.996

0.357 0.997

0.361 0.997

0.364 0.998

0.365 0.998

0.367 0.999

0.370 1.000

0.374 1.000

0.377 1.000

0.381 1.000

0.382 1.000

0.382 1.000

0.387 1.000

0.389 0.999

0.390 0.999

0.392 0.999

0.396 0.999

0.399 0.999

0.402 0.999

0.404 0.998

0.405 0.998

0.406 0.998

0.409 0.997
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eu/su

194.2
182.6
166.8
163.6
155.4
149.5
140.6
134.4
127.5
119.1
115.7
110.8

106.3
102.0

98.3
94.0
89.6
84.8

82.4
78.6

76.6

74.3

71.3
69.7

68.2

66.3

64.1

62.1
60.3

59.1
57.2
55.5
53.3
52.4
51.5
50.1
49.0

47.8
46.7
45.6
44.5
43.6
42.6
41.8
40.9
40.1
39.3
38.6

37.8
37.1
36.4

35.8

0.169

0.172

0.174
0.176
0.178
0.180

0.181

0.183

0.184

0.185

0.186

0.187

0.188

0.189

0.190

0.191

0.191

0.192

0.193

0.193

0.193

0.194

0.194

0.195

0.195

0.195

0.196

0.196

0.196

0.196

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.197

0.779
0.768

0.757
0.746
0.735
0.725
0.718
0.708
0.697
0.687
0.680
0.670
0.663
0.654

0.646
0.638
0.630
0.623

0.614

0.607

0.600

0.594

0.589

0.585

0.581
0.577
0.571
0.567

0.563

0.557

0.551

0.545

0.541

0.539

0.537

0.533

0.527

0.523

0.518

0.517

0.515

0.510

0.506

0.506

0.503

0.497

0.494

0.490

0.487

0.486

0.485

0.481

0.053

0.057

0.067

0.058

0.052

0.053

0.059

0.064

0.058

0.077
0.077
0.078
0.078
0.081

0.074
0.075
0.073
0.083
0.077
0.087
0.086
0.089

0.096
0.094
0.084
0.080

0.074

0.083

0.080

0.073

0.081

0.080
0.079
0.073
0.080

0.089

0.093

0.083

0.081

0.087

0.080

0.082

0.081

0.082

0.084

0.085

0.084

0.083

0.081

0.082

0.083

0.080



shr.stn
8.549

8.705
8.859
9.007
9.167
9.321
9.475
9.629
9.779
9.930

10.082
10.230
10.380

10.532
10.680
10.832
10.983
11.131

11.279
11.427
11.577
11.733
11.885
12.036
12.186
12.340

12.492

12.645
12.795
12.943

13.099
13.241

13.397

13.536
13.690
13.844
13.994
14.150

14.304
14.458

14.610

14.760
14.907

15.059

15.211

15.362

15.512
15.664

15.814
15.960
16.120
16.270

sh.sts.

0.197

0.196

0.196

0.196
0.196

0.195

0.195

0.195

0.194

0.194
0.194

0.194
0.194
0.194

0.194
0.193
0.194

0.193

0.193
0.193

0.193

0.193

0.192

0.192

0.192

0.192

0.192

0.191

0.191
0.191

0.191

0.191

0.191
0.191

0.190

0.190

0.190
0.190
0.189
0.189

0.188
0.188
0.188

0.188
0.187

0.187

0.187

0.186
0.186
0.186
0.185

0.185

ndelU.

0.522

0.523
0.525

0.529

0.536

0.539

0.540
0.543

0.543

0.543

0.544

0.546
0.549
0.551

0.553

0.555

0.556

0.556

0.557
0.560
0.564
0.566
0.569
0.569

0.570
0.574
0.574
0.575
0.575
0.577
0.580
0.580
0.580

0.582

0.586
0.587

0.587
0.590
0.593
0.595
0.596

0.596

0.597
0.600
0.601
0.603
0.603
0.604
0.604
0.605
0.608
0.610

nv.sts.

0.478
0.477
0.475
0.471
0.464
0.461

0.460

0.457
0.457
0.457
0.456

0.454
0.451

0.449

0.447
0.445
0.444

0.444

0.443
0.440
0.436
0.434
0.431

0.431

0.430
0.426
0.426
0.425

0.425

0.423

0.420

0.420

0.420
0.418

0.414
0.413
0.413

0.410

0.407
0.405

0.404
0.404

0.403
0.400
0.399
0.397
0.397
0.396
0.396
0.395
0.392
0.390

nsh./v.st
0.412
0.412
0.413
0.417
0.421
0.424
0.424
0.426
0.425
0.426
0.426
0.428
0.431

0.432
0.433

0.435

0.435
0.435
0.436

0.439

0.443

0.445

0.446
0.446
0.447
0.451

0.450

0.450
0.450
0.452

0.454
0.454

0.454
0.456
0.459
0.460
0.460
0.462
0.464
0.466
0.466
0.466
0.467
0.469
0.469
0.470
0.471
0.470
0.470
0.470
0.473
0.474

sh./su
0.997
0.996
0.995
0.995
0.992
0.991
0.989

0.988
0.986
0.986
0.985

0.985
0.984
0.983
0.983
0.981
0.981
0.981

0.980
0.980

0.979
0.978
0.976
0.975
0.974
0.973
0.972
0.971
0.971
0.970
0.968
0.967
0.967
0.966
0.965
0.963

0.962
0.961
0.959

0.957
0.955
0.954

0.953
0.952
0.950
0.947
0.946
0.945
0.943
0.941
0.940

0.937

eu/su
35.1
34.5
33.9

33.3
32.6
32.0
31.5
30.9
30.4
29.9
29.4
29.0
28.6
28.1
27.7
27.3
26.9
26.6
26.2
25.9
25.5
25.1
24.8
24.4
24.1
23.8
23.5
23.1
22.9
22.6
22.3

22.0
21.8
21.5
21.2
21.0
20.7
20.5
20.2
20.0
19.7

19.5
19.3
19.0
18.8

18.6
18.4
18.2
18.0
17.8
17.6
17.4

sh/mpp

0.197

0.196

0.196

0.196

0.196

0.195

0.195

0.195

0.194

0.194

0.194

0.194

0.194

0.194

0.194

0.193
0.194

0.193

0.193

0.193

0.193

0.193

0.192

0.192

0.192

0.192

0.192

0.191

0.191

0.191
0.191

0.191
0.191
0.191
0.190

0.190

0.190
0.190
0.189
0.189

0.188
0.188
0.188
0.188
0.187

0.187

0.187

0.186
0.186
0.186
0.185

0.185

v. sts/mpp
0.478
0.477
0.475
0.471
0.464
0.461

0.460

0.457
0.4ý7
0.457
0.456

0.454

0.451

0.449
0.447

0.445
0.444

0.444

0.443

0.440

0.436

0.434

0.431

0.431

0.430
0.426

0.426
0.425

0.425
0.423

0.420
0.420

0.420
0.418

0.414

0.413

0.413

0.410

0.407
0.405
0.404
0.404
0.403

0.400

0.399
0.397
0.397
0.396
0.396
0.395
0.392
0.390

v.stn
0.083
0.084
0.086
0.086
0.081
0.078
0.076
0.074
0.074
0.076
0.078
0.079
0.081
0.080

0.081
0.081
0.081

0.084
0.084
0.085

0.086
0.083
0.083
0.082

0.082

0.080

0.080

0.080

0.081
0.082
0.082

0.082

0.086
0.086
0.085

0.083
0.084

0.083
0.082
0.080
0.086

0.079
0.081

0.080

0.080

0.080

0.080

0.081
0.084
0.087

0.089

0.090
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shr.stn
16.422

16.573
16.729
16.883

17.048
17.201
17.366

17.527
17.686

17.847
17.999

18.157

18.311
18.471
18.640
18.794
18.952
19.104
19.278
19.424
19.584
19.748
19.907
20.072
20.228

20.386

20.533
20.687
20.839
20.993
21.155

21.311
21.473

21.625
21.785
21.937
22.095

22.251

22.400

22.555

22.708
22.870
23.018

23.182
23.332
23.487

23.630

23.806
23.938
24.087
24.241

24.399

sh.sts.

0.184
0.184
0.183
0.182
0.181
0.180
0.179
0.178
0.177
0.177
0.176
0.175
0.174
0.173
0.172
0.171
0.171
0.170
0.169

0.169
0.168
0.167

0.165
0.164
0.163

0.163
0.162
0.162
0.161
0.160

0.159
0.158
0.158
0.157
0.156
0.155

0.154

0.153

0.153

0.152
0.151
0.150
0.149

0.148
0.147
0.147
0.146
0.145
0.144
0.143

0.143
0.142

nde U.
0.612
0.618
0.621
0.624
0.625
0.627
0.632
0.636
0.636
0.638
0.642
0.646
0.650
0.652

0.657
0.658
0.659

0.666
0.667
0.670
0.674
0.680
0.682
0.685
0.686
0.687
0.690
0.692
0.695
0.699
0.703
0.704
0.707
0.711
0.713
0.715
0.719
0.719
0.722
0.725
0.729
0.731
0.733
0.737
0.738
0.739
0.741
0.743
0.744
0.747
0.748
0.748

nv.sts.

0.388
0.382
0.379
0.376
0.375
0.373
0.368
0.364
0.364
0.362
0.358
0.354

0.350
0.348
0.343
0.342

0.341
0.334
0.333
0.330

0.326

0.320
0.318
0.315

0.314

0.313

0.310
0.308
0.305
0.301
0.297
0.296
0.293
0.289
0.287
0.285
0.281
0.281
0.278
0.275
0.271
0.269
0.267
0.263

0.262

0.261
0.259

0.257
0.256

0.253

0.252

0.252

nsh./v.st
0.475
0.481

0.482
0.484
0.483
0.484
0.488
0.489
0.487
0.488
0.492
0.494
0.499
0.499
0.503
0.501
0.502

0.509
0.508
0.511

0.515
0.520

0.519
0.522
0.520

0.520
0.523
0.526
0.529
0.533

0.536
0.535
0.538
0.543

0.543
0.545
0.547
0.546
0.549
0.553

0.557
0.557
0.557
0.562
0.561
0.560
0.562
0.563

0.565
0.567

0.566
0.563

sh./su
0.934

0.931
0.926

0.922
0.918
0.915

0.909
0.903
0.899
0.896
0.893
0.888
0.885
0.879
0.874
0.869
0.867
0.863

0.859
0.855
0.850

0.845
0.838
0.834
0.828
0.826

0.823
0.820
0.817
0.813

0.809
0.803
0.800
0.795
0.790
0.786
0.781
0.777
0.774
0.770
0.764
0.760
0.755
0.750
0.746
0.743
0.740
0.735
0.732
0.727
0.724
0.720

eu/su
17.1
16.9

16.7

16.5
16.2

16.0

15.8
15.5
15.3
15.1
15.0
14.8
14.6
14.4
14.1
14.0
13.8
13.6
13.4
13.3
13.1
12.9
12.7

12.5
12.4
12.2
12.1
12.0
11.8
11.7
11.5
11.4
11.2

11.1
10.9
10.8
10.7

10.5
10.4
10.3
10.2

10.0

9.9

9.8

9.7

9.5

9.4

9.3

9.2

9.1

9.0

8.9

sh/mpp
0.184
0.184
0.183
0.182

0.181

0.180

0.179
0.178
0.177
0.177
0.176
0.175
0.174
0.173
0.172
0.171

0.171
0.170
0.169

0.169
0.168
0.167

0.165

0.164
0.163

0.163

0.162
0.162

0.161

0.160
0.159

0.158
0.158

0.157
0.156

0.155
0.154

0.153
0.153
0.152
0.151
0.150
0.149

0.148

0.147

0.147

0.146
0.145
0.144
0.143

0.143

0.142

v.sts/mpp
0.388
0.382
0.379
0.376
0.375
0.373
0.368
0.364
0.364
0.362
0.358
0.354

0.350

0.348
0.343

0.342
0.341

0.334

0.333
0.330

0.326
0.320
0.318
0.315

0.314

0.313
0.310
0.308
0.305
0.301
0.297
0.296
0.293
0.289
0.287
0.285

0.281

0.281
0.278
0.275
0.271
0.269

0.267

0.263

0.262
0.261

0.259

0.257

0.256
0.253
0.252

0.252

v.stn
0.093
0.092

0.090

0.091
0.091
0.093
0.091
0.089
0.090
0.093
0.096
0.095
0.094
0.096
0.097
0.090
0.091
0.092

0.091
0.093
0.089
0.085
0.083
0.083
0.084
0.085

0.086
0.088
0.088
0.088
0.087
0.086
0.087
0.085
0.083
0.083
0.080
0.081
0.075
0.082
0.079
0.079
0.079
0.076
0.075
0.076
0.077
0.079
0.079
0.079
0.080
0.080
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shr.stn
24.551

24.703
24.855

25.006
25.163
25.312

25.460

25.603

25.755
25.911

26.057
26.215

26.363

26.513
26.648
26.814

26.997
27.134
27.299
27.407

27.545
27.711
27.873
28.023

28.175
28.327

28.483

28.637
28.780
28.924

29.067
29.204

29.340
29.484
29.653

29.823

29.958
30.079
30.246

30.397

30.536

30.742

sh.sts.

0.141
0.141
0.140
0.139
0.138
0.138
0.137
0.136
0.136
0.135
0.134

0.133

0.132
0.131
0.130
0.129
0.128
0.127
0.126
0.125
0.124
0.123
0.122
0.121
0.120
0.119
0.118
0.117
0.116
0.115
0.115
0.114
0.114

0.113
0.111
0.110
0.109
0.108
0.107
0.107
0.106
0.106

ndetU.
0.749
0.751
0.755
0.757
0.758
0.760
0.760
0.761
0.767
0.768
0.771
0.774
0.774
0.776
0.780
0.780
0.781
0.783
0.787
0.787
0.789
0.791
0.793
0.796
0.797
0.801
0.803
0.803
0.803
0.804
0.805
0.806
0.807
0.810
0.818
0.818
0.819
0.819
0.820
0.820
0.821
0.822

nv. sts.

0.251
0.249
0.245
0.243
0.242
0.240
0.240
0.239
0.233
0.232
0.229
0.226
0.226
0.224
0.220
0.220
0.219
0.217
0.213
0.213
0.211
0.209
0.207
0.204
0.203
0.199
0.197
0.197
0.197
0.196
0.195
0.194
0.193
0.190
0.182
0.182
0.181
0.181
0.180
0.180
0.179
0.178

nsh./v.st
0.563
0.567
0.573
0.574
0.573
0.574
0.571
0.572
0.581
0.581
0.585
0.587
0.583
0.585
0.591
0.585
0.585
0.587
0.591
0.589
0.589
0.592
0.590
0.593
0.592
0.598
0.597
0.592
0.591
0.590
0.589
0.590
0.590
0.596
0.612
0.603
0.601
0.597
0.595
0.594
0.593
0.596

sh./su

0.717
0.715
0.711
0.706
0.702
0.698
0.694
0.692
0.688
0.683
0.679
0.674

0.669
0.665
0.660
0.653
0.649
0.645
0.639
0.635
0.631
0.626
0.619
0.614
0.609
0.604
0.597
0.592
0.589
0.586
0.583
0.580
0.577
0.573
0.564
0.556
0.551
0.548
0.545
0.542
0.539
0.537

eu/su

8.8
8.7
8.6
8.5
8.4
8.3
8.2
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5
7.4
7.3
7.2
7.1
7.0
6.9
6.8
6.7
6.6
6.5
6.4
6.3
6.3
6.2
6.1
6.1
6.0
6.0
5.9
5.8
5.6
5.6
5.5
5.4
5.4
5.3
5.3

sh/mpp

0.141
0.141
0.140
0.139
0.138
0.138
0.137
0.136
0.136
0.135
0.134

0.133
0.132
0.131
0.130

0.129
0.128
0.127

0.126
0.125
0.124
0.123
0.122
0.121

0.120
0.119
0.118
0.117
0.116
0.115

0.115
0.114

0.114
0.113

0.111
0.110
0.109
0.108
0.107
0.107
0.106
0.106

v. sts/mpp

0.251
0.249
0.245
0.243
0.242
0.240
0.240
0.239
0.233
0.232
0.229
0.226
0.226
0.224
0.220
0.220
0.219
0.217
0.213
0.213
0.211
0.209
0.207
0.204
0.203
0.199
0.197
0.197
0.197
0.196
0.195
0.194

0.193
0.190

0.182
0.182
0.181
0.181
0.180
0.180
0.179
0.178

v.stn
0.084
0.086
0.090
0.086
0.088
0.088
0.090
0.095
0.087
0.096
0.096
0.096
0.096
0.097
0.097
0.095
0.097
0.098
0.098
0.098
0.099
0.100
0.095
0.093
0.091
0.090
0.087
0.086
0.089
0.092
0.096
0.099
0.102

0.103
0.093
0.086
0.085
0.087
0.089
0.092
0.095
0.100
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 25

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

1. Test Name : DSS 25

2. Date : 3/18/89

3. OCR : 1

4. Ver. ConsoLidation Stress (ksc) :2.955

5. Pre-Shear Height (cm) :2.1009

6. Horizontal Shear Load CeLl:

Zero: 0.03997

CF: -80.2

8. Vertical Stress Load Cell:

Zero: 0.12055

CF: -348.57

shr.stn

-0.009

0.017

0.016

0.024

0.030
0.040
0.051
0.063
0.060
0.091

0.104

0.107

0.118

0.152

0.164

0.197

0.236

0.271

0.316

0.353

0.381

0.432

0.489

0.541

0.616
0.686
0.745
0.834
0.922

1.001

sh.sts.

0.000

0.012

0.017

0.024

0.030
0.037
0.044
0.051

0.058

0.064
0.071
0.078
0.084
0.091
0.098
0.104
0.110

0.116

0.122

0.128

0.133

0.138
0.143
0.147
0.152

0.156

0.160

0.163

0.167

0.170

ndeLU.

0.005

-0.009
-0.009
-0.009
-0.009

-0.009

-0.009

-0.007

-0.005

0.000

0.009

0.010

0.020

0.030
0.038
0.048

0.054
0.064

0.074
0.082
0.096
0.107

0.117

0.122

0.134

0.145

0.158

0.171
0.183
0.194

nv. sts.

0.995
1.009
1.009
1.009

1.009

1.009

1.009

1.007

1.005

1.000

0.991
0.990
0.980
0.970
0.962
0.952

0.946

0.936

0.926

0.918

0.904

0.893

0.883
0.878
0.866
0.855

0.842

0.829

0.817

0.806

nsh./v.st

0.000

0.011

0.017

0.024

0.030
0.037
0.044
0.051

0.057
0.064
0.072
0.078
0.086
0.094
0.101
0.109
0.117
0.124

0.132

0.139

0.147

0.154

0.162
0.168
0.175
0.183
0.189
0.197

0.204

0.211

7. Horizontal Displacement Transducer:

Zero: 0.11258

CF: 2.2815

9. Vertical Height Transducer:

Zero: -0.11276

CF: 2.0655

sh./su

-0.002

0.057

0.086

0.118

0.151

0.185

0.218

0.251

0.284

0.319

0.350

0.384

0.416

0.449

0.482

0.514
0.546

0.574
0.603
0.630
0.658
0.682
0.706
0.729
0.750
0.771
0.789
0.806
0.823
0.839

eu/su
-202.9

1132.5

1775.6

1549.1

1594.4
1451.8

1329.5

1230.0

1464.1

1072.4
1038.6
1097.1

1074.0
902.7

896.7
796.4
703.0
643.1
580.2

543.0

524.8

479.2
438.7

408.7

369.1
340.6
321.1
293.0
270.4
253.8

sh/mpp

0.000

0.012
0.017
0.024
0.030
0.037
0.044
0.051

0.058

0.064
0.071
0.078
0.084
0.091

0.098

0.104

0.110

0.116

0.122

0.128

0.133

0.138

0.143

0.147

0.152

0.156

0.160
0.163
0.167

0.170

v.sts/mpp

0.995

1.009

1.009

1.009

1.009

1.009

1.009

1.007

1.005

1.000

0.991
0.990
0.980
0.970
0.962

0.952
0.946

0.936

0.926

0.918

0.904

0.893

0.883
0.878
0.866
0.855

0.842

0.829

0.817

0.806

1.099 0.173 0.205 0.795 0.217 0.854 235.2 0.173 0.795 0.041

v.stn
-0.005

-0.003
0.004
0.010
0.008

0.008

0.010

0.003

0.014

0.021

0.020

0.007

0.005

0.009

0.016

0.017

0.016

0.019
0.030
0.030
0.023

0.027

0.029

0.021

0.021

0.028

0.036

0.031

0.034

0.039



shr.stn
1.194

1.276
1.405
1.501
1.604
1.733
1.845
1.964
2.081
2.202
2.325

2.452

2.581
2.715
2.850
2.982

3.114
3.244
3.378
3.507
3.643
3.781
3.915
4.052

4.195
4.340
4.478
4.617
4.751
4.895
5.036
5.178
5.319
5.461
5.609
5.754
5.900

6.040
6.184
6.329

6.474
6.618
6.759
6.908
7.049
7.195
7.340
7.484
7.633
7.781
7.928
8.074

sh.sts.

0.175
0.178
0.180
0.182

0.184
0.186
0.188
0.189

0.191

0.192

0.193
0.194

0.195
0.196
0.196

0.197

0.198
0.198

0.199
0.199
0.200

0.200
0.200

0.201
0.201
0.201
0.201
0.202

0.202
0.202
0.202
0.202
0.202

0.202
0.202
0.202
0.202

0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.201
0.201
0.201

ndelU.
0.217
0.230

0.241
0.254

0.262
0.274
0.286
0.298

0.312

0.323
0.332
0.341

0.351

0.359
0.365

0.373
0.380
0.385

0.390

0.394

0.403
0.405

0.415

0.418

0.429
0.433

0.438

0.438
0.446
0.451

0.452

0.461
0.461

0.470
0.474
0.481

0.483
0.483
0.493

0.494
0.496
0.505

0.504
0.509

0.509
0.515

0.517
0.519
0.522

0.527
0.529

0.531

nv.sts.

0.783
0.770
0.759
0.746
0.738
0.726
0.714
0.702

0.688
0.677
0.668
0.659

0.649
0.641
0.635

0.627
0.620

0.615

0.610

0.606

0.597
0.595
0.585

0.582

0.571
0.567

0.562
0.562
0.554

0.549

0.548

0.539

0.539

0.530
0.526

0.519

0.517
0.517
0.507
0.506
0.504
0.495

0.496
0.491
0.491
0.485
0.483
0.481
0.478
0.473
0.471
0.469

nsh./v.st
0.224

0.231
0.237
0.244
0.250
0.257
0.263
0.270
0.277
0.284
0.289
0.295
0.300

0.305
0.309
0.314
0.319
0.322
0.326

0.329
0.334
0.337
0.343

0.345
0.352
0.355
0.358
0.359
0.364
0.368
0.369

0.375
0.376
0.382
0.385
0.390

0.391

0.392
0.399

0.400
0.401
0.408

0.407
0.412
0.411
0.416
0.418
0.419
0.422
0.425
0.427
0.428

sh./su

0.867
0.878
0.889
0.901
0.910
0.921
0.928
0.936
0.943
0.949
0.954
0.958
0.963
0.966
0.970
0.972
0.977
0.979
0.982
0.985

0.987
0.989

0.990
0.993
0.993
0.994
0.994
0.996
0.998
0.998
0.999
1.000
1.000
1.000
1.000
1.000
0.999
1.000
1.000
1.000
0.999
0.999
0.998
0.999
0.998
0.998
0.998
0.997
0.997
0.995
0.994
0.992

eu/su
219.7

208.1
191.4
181.6

171.8
160.8
152.1
144.2

137.1
130.3
124.2

118.3

112.9
107.7
102.9
98.6

94.9
91.3
88.0
84.9

82.0
79.1

76.5
74.1

71.6
69.3

67.1
65.2
63.5

61.7
60.0
58.4
56.8

55.4
53.9
52.6
51.2
50.1
48.9

47.8
46.7
45.6

44.7
43.7
42.8
42.0
41.1
40.3
39.5
38.7
37.9
37.2

sh/mpp
0.175

0.178
0.180

0.182

0.184
0.186
0.188
0.189

0.191

0.192

0.193

0.194
0.195

0.196

0.196
0.197

0.198

0.198

0.199
0.199
0.200
0.200
0.200
0.201
0.201
0.201
0.201
0.202

0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.202

0.202
0.202

0.202
0.202
0.202
0.202

0.202
0.202
0.202

0.202
0.202
0.201
0.201
0.201

v.sts/mpp

0.783

0.770
0.759
0.746
0.738
0.726

0.714
0.702

0.688
0.677
0.668
0.659
0.649
0.641
0.635
0.627
0.620

0.615

0.610
0.606
0.597
0.595
0.585

0.582
0.571
0.567
0.562

0.562

0.554

0.549

0.548

0.539

0.539

0.530

0.526

0.519
0.517
0.517
0.507
0.506
0.504
0.495

0.496
0.491
0.491
0.485

0.483
0.481

0.478
0.473
0.471
0.469

v.stn
0.048

0.052
0.056
0.066
0.064
0.060

0.058
0.055

0.060

0.061
0.057
0.062

0.070
0.065
0.065

0.057
0.058

0.061
0.056
0.064
0.071
0.073
0.073
0.067
0.073
0.074
0.071
0.074
0.075
0.072
0.072
0.076
0.072
0.078
0.073
0.065

0.060

0.062

0.066
0.066
0.065

0.068
0.068
0.066
0.060
0.063
0.062

0.066
0.064
0.062

0.063
0.061
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shr.stn
8.223
8.368
8.517
8.660
8.805
8.953
9.099
9.245
9.392
9.540
9.686
9.824
9.975
10.126

10.292

10.443

10.600
10.754
10.907
11.051

11.202

11.361
11.510

11.648

11.793
11.941
12.086
12.245
12.404
12.556

12.705
12.838
12.992
13.143

13.286
13.436
13.605
13.774
13.937
14.089
14.246
14.407

14.592

14.744
14.897
15.041
15.184
15.345

15.497

15.660
15.819
15.975

sh.sts.
0.201
0.200
0.200
0.200
0.200
0.200
0.200
0.199
0.199
0.199
0.199
0.199
0.198
0.198

0.198
0.198
0.198
0.197

0.197
0.197

0.197

0.197
0.196

0.196

0.195
0.195
0.195

0.195
0.194
0.194
0.194
0.194

0.194

0.193
0.193
0.192

0.192

0.191
0.190
0.190
0.190
0.189
0.188
0.187

0.186
0.186
0.185

0.185
0.184
0.184
0.183
0.182

ndeLU.
0.531
0.538

0.538

0.538

0.541
0.546

0.548
0.549
0.550
0.550
0.556
0.559

0.559

0.564
0.567
0.566
0.568
0.570
0.570
0.571
0.577
0.578
0.583
0.584
0.584
0.585
0.586
0.591
0.593
0.594
0.594

0.595
0.599
0.602

0.603
0.604
0.607
0.609
0.611
0.612
0.611
0.620
0.625
0.625
0.626
0.628
0.632
0.632
0.633
0.635
0.637
0.638

nvy.sts.

0.469
0.462

0.462
0.462
0.459
0.454
0.452

0.451

0.450

0.450
0.444

0.441

0.441
0.436
0.433

0.434

0.432
0.430

0.430
0.429
0.423
0.422
0.417
0.416
0.416

0.415

0.414
0.409
0.407
0.406
0.406
0.405

0.401

0.398
0.397
0.396
0.393
0.391
0.389
0.388
0.389
0.380
0.375
0.375
0.374
0.372
0.368
0.368
0.367
0.365
0.363
0.362

nsh./v. st

0.428
0.434

0.434

0.434
0.436

0.440
0.442
0.443

0.442
0.443
0.448
0.450
0.450
0.455
0.457
0.456

0.458
0.459
0.459
0.459
0.466
0.466
0.471
0.471
0.470
0.471
0.472
0.477
0.478
0.479
0.479
0.478
0.483
0.486
0.486
0.485

0.487
0.489
0.489
0.489
0.487
0.498
0.501
0.499
0.498
0.500
0.503

0.502
0.501
0.503
0.505
0.504

sh./su
0.992
0.990
0.990
0.989
0.988
0.988
0.986
0.986
0.984
0.984
0.983
0.982
0.980
0.979
0.978
0.978
0.977
0.976
0.975
0.974
0.973
0.972
0.969

0.968
0.966
0.965
0.964
0.963
0.961

0.959
0.959
0.958
0.957
0.955
0.953
0.950
0.947
0.944
0.940

0.938
0.937
0.935
0.928
0.925
0.921
0.919
0.915

0.912
0.910
0.907
0.905
0.901

eu/su
36.5

35.8
35.2
34.5
34.0
33.4
32.8
32.2
31.7
31.2

30.7
30.2
29.7
29.2
28.8
28.3
27.9
27.4
27.0
26.7
26.3
25.9
25.5
25.1
24.8
24.5
24.1
23.8
23.4
23.1
22.8
22.6

22.3

22.0
21.7
21.4
21.1
20.7
20.4

20.1

19.9

19.6
19.2
19.0
18.7
18.5
18.2
18.0
17.8
17.5
17.3
17.1

sh/mpp

0.201
0.200
0.200
0.200
0.200
0.200

0.200
0.199
0.199
0.199
0.199
0.199
0.198
0.198
0.198
0.198
0.198
0.197

0.197

0.197

0.197

0.197

0.196

0.196

0.195

0.195
0.195
0.195
0.194

0.194
0.194
0.194
0.194
0.193
0.193
0.192

0.192
0.191

0.190
0.190
0.190
0.189
0.188
0.187

0.186
0.186
0.185

0.185

0.184
0.184
0.183
0.182

v.sts/mpp

0.469
0.462
0.462
0.462
0.459

0.454
0.452
0.451

0.450
0.450
0.444

0.441

0.441

0.436

0.433
0.434
0.432

0.430
0.430
0.429
0.423
0.422
0.417
0.416
0.416
0.415
0.414

0.409
0.407
0.406

0.406
0.405
0.401
0.398
0.397
0.396
0.393

0.391
0.389
0.388
0.389
0.380
0.375
0.375
0.374
0.372

0.368
0.368
0.367
0.365
0.363
0.362

v.stn
0.062
0.063
0.062
0.063
0.063

0.065
0.065
0.065

0.065
0.067

0.069
0.068
0.067
0.068
0.066
0.065

0.066
0.067
0.068
0.070
0.071
0.071
0.071
0.070
0.070
0.071
0.072
0.073
0.072
0.075
0.072
0.073
0.076
0.077
0.078
0.078
0.078
0.075
0.076
0.080
0.080
0.082
0.076
0.077
0.077
0.078
0.079
0.080
0.082
0.083
0.081
0.082
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shr.stn sh.sts.

16.120

16.287

16.448

16.580

16.743
16.896
17.060

17.195
17.370
17.524
17.671
17.825

17.980
18.133
18.290

18.448

18.605

18.762
18.912

19.061

19.212
19.366
19.521

19.674
19.831
19.987
20.138

20.295
20.441

20.597
20.748
20.907
21.056
21.212
21.337
21.494

21.636
21.791
21.952
22.107
22.266
22.426
22.585
22.745
22.895
23.059
23.212
23.381
23.554
23.712
23.871
24.028

0.182

0.181
0.181

0.180
0.180

0.179
0.179
0.178
0.177
0.177
0.176
0.176
0.176
0.175
0.174
0.173
0.173
0.172
0.172
0.171
0.171

0.171
0.170
0.169

0.168
0.168
0.167

0.167

0.166
0.166
0.165
0.164
0.163
0.162
0.162
0.161

0.161

0.160

0.159
0.158
0.157
0.156

0.154
0.153
0.152
0.151

0.150
0.149
0.147
0.146

0.145

0.144

ndelU.
0.641
0.648
0.651
0.653
0.655
0.659
0.659
0.659
0.666
0.665.
0.665
0.666
0.668
0.673
0.675
0.677
0.677
0.679
0.683
0.683
0.686
0.688
0.692
0.695
0.695
0.696
0.696
0.700
0.702
0.703
0.707
0.708
0.711
0.712
0.713
0.715
0.716
0.725
0.724
0.726
0.730
0.734
0.736
0.737
0.742
0.746
0.747
0.753
0.754
0.756
0.759
0.759

nv.sts. nsh./v.st sh./su
0.359
0.352
0.349
0.347
0.345
0.341
0.341
0.341

0.334
0.335
0.335
0.334
0.332
0.327
0.325
0.323
0.323
0.321
0.317
0.317
0.314
0.312
0.308
0.305
0.305
0.304

0.304
0.300
0.298
0.297
0.293
0.292
0.289

0.288
0.287

0.285

0.284
0.275
0.276
0.274
0.270
0.266
0.264
0.263
0.258

0.254

0.253
0.247
0.246

0.244

0.241

0.241

0.507
0.516
0.517
0.519
0.521
0.526
0.524
0.524
0.531
0.529
0.527
0.527
0.529
0.536
0.537
0.537
0.536
0.538
0.543
0.541
0.544
0.547
0.553
0.555
0.553
0.552
0.551
0.556
0.558
0.558
0.563
0.563
0.565
0.565
0.564
0.565

0.566
0.580
0.575
0.576
0.580
0.586
0.584
0.583
0.590
0.593
0.593
0.601
0.598

0.597
0.601
0.597

0.900

0.896

0.893
0.890

0.888
0.886
0.883
0.881
0.877
0.874
0.871
0.870

0.868
0.865
0.861
0.857
0.855
0.852
0.850
0.847
0.845
0.844
0.841
0.837
0.832
0.830
0.827
0.824
0.821
0.819
0.816

0.810
0.807
0.803
0.800
0.797
0.794
0.790
0.783
0.780
0.774
0.770

0.763
0.758
0.752
0.745
0.740
0.734
0.727
0.720
0.716
0.710

eu/su sh/mpp v.sts/mpp v.stn
16.9
16.7
16.4
16.2
16.1
15.9
15.7
15.5
15.3
15.1
14.9
14.8
14.6
14.5
14.3
14.1
13.9
13.8
i3.6
13.5
13.3
13.2
13.0
12.9
12.7
12.6
12.4
12.3
12.2
12.0
11.9
11.7
11.6

11.5
11.4
11.2
11.1
11.0
10.8
10.7

10.5
10.4
10.2
10.1
10.0

9.8
9.7
9.5
9.4

9.2
9.1

9.0

0.182

0.181
0.181
0.180

0.180

0.179
0.179
0.178
0.177
0.177
0.176
0.176
0.176
0.175
0.174
0.173
0.173
0.172
0.172
0.171
0.171
0.171

0.170

0.169
0.168
0.168
0.167

0.167

0.166
0.166
0.165

0.164
0.163
0.162

0.162

0.161
0.161

0.160
0.159

0.158

0.157
0.156

0.154

0.153
0.152
0.151

0.150
0.149

0.147

0.146

0.145

0.144

0.359
0.352
0.349
0.347
0.345

0.341

0.341
0.341
0.334
0.335
0.335
0.334
0.332
0.327
0.325

0.323
0.323
0.321
0.317
0.317
0.314

0.312
0.308

0.305
0.305
0.304
0.304
0.300
0.298

0.297
0.293

0.292
0.289

0.288
0.287

0.285

0.284
0.275
0.276
0.274
0.270
0.266
0.264
0.263
0.258
0.254

0.253
0.247
0.246

0.244
0.241

0.241

0.083

0.084
0.078
0.079
0.076
0.074
0.070
0.079
0.077
0.071
0.069

0.080
0.087

0.092

0.096

0.098

0.102

0.107
0.109

0.110
0.097
0.100

0.102

0.103

0.103

0.107

0.107

0.100

0.099
0.093
0.097

0.102
0.110
0.110
0.116
0.112
0.109

0.111

0.112
0.112
0.108

0.111

0.119
0.127
0.134

0.126

0.131
0.124

0.125

0.128
0.120
0.119



shr.stn

24.182
24.333
24.496
24.659
24.815
24.972
25.131
25.291

25.444
25.611
25.762
25.914

26.071
26.216
26.369
26.520

26.675
26.835
26.992
27.143
27.295
27.442
27.593
27.747
27.896
28.055

28.208
28.350
28.497
28.646

28.792
28.945
29.082
29.224
29.381
29.532
29.678
29.816
29.961
30.113
30.263
30.397
30.535
30.680
30.826
30.977
31.114
31.275
31.413
31.554
31.695

31.839

sh.sts.

0.143

0.142
0.141

0.139
0.138
0.137
0.136
0.135

0.134
0.133
0.132
0.131
0.130
0.129
0.129
0.128
0.127
0.125
0.124
0.123
0.123
0.122
0.121

0.120
0.119
0.118
0.117
0.116

0.115

0.115

0.114
0.113
0.113
0.112
0.111

0.110
0.109
0.109
0.108
0.107
0.106
0.106
0.105

0.105
0.104
0.103
0.103

0.101

0.101
0.100
0.099
0.098

nde U.
0.765
0.767
0.771
0.773
0.775
0.777
0.782
0.784
0.787
0.790
0.791
0.796

0.795
0.796
0.798
0.799
0.805
0.809
0.809
0.809
0.812
0.815
0.816
0.816
0.817
0.823
0.823
0.824
0.826
0.826
0.832
0.831
0.832
0.833
0.839
0.838
0.839
0.839
0.840
0.845
0.845
0.845
0.845
0.845
0.848
0.848
0.847
0.854
0.855
0.855
0.855
0.858

nv.sts.

0.235
0.233
0.229
0.227
0.225
0.223
0.218

0.216
0.213
0.210
0.209
0.204
0.205
0.204
0.202
0.201
0.195

0.191
0.191
0.191
0.188
0.185

0.184
0.184
0.183
0.177
0.177
0.176
0.174
0.174
0.168
0.169

0.168
0.167
0.161
0.162

0.161
0.161

0.160
0.155
0.155

0.155
0.155

0.155
0.152
0.152
0.153
0.146

0.145

0.145
0.145

0.142

nsh./v.st
0.607
0.610
0.616
0.615
0.614
0.615
0.624

0.626
0.628
0.633
0.630
0.640
0.634
0.632
0.638
0.635
0.651
0.655
0.649
0.645
0.650
0.656
0.654
0.651
0.651

0.668
0.659
0.660
0.662
0.660
0.680
0.669
0.668
0.672
0.688
0.678
0.678
0.676
0.677
0.690
0.684
0.682
0.680
0.679
0.685
0.681
0.670
0.691
0.694
0.688
0.688
0.693

sh./su

0.706

0.701
0.695

0.689
0.683
0.679
0.673
0.667
0.662
0.656
0.650
0.647
0.642
0.638
0.635
0.630
0.626
0.619
0.613
0.609
0.605
0.601
0.596
0.592
0.588
0.582
0.576
0.574
0.570

0.567

0.564
0.557
0.556
0.553
0.548

0.542
0.540

0.537
0.535
0.530
0.525
0.524
0.521

0.520

0.514
0.510
0.506
0.499

0.497
0.493

0.491
0.485

eu/su

8.9
8.7
8.6
8.5

8.4

8.3
8.1

8.0

7.9
7.8
7.7
7.6
7.5
7.4

7.3
7.2
7.1

7.0

6.9
6.8
6.7
6.7
6.6
6.5
6.4

6.3
6.2
6.2
6.1

6.0

6.0

5.9
5.8
5.8
5.7
5.6
5.5
5.5
5.4

5.4

5.3

5.2
5.2
5.2
5.1

5.0

5.0

4.9

4.8

4.8

4.7
4.7

sh/mpp

0.143

0.142
0.141
0.139

0.138

0.137
0.136
0.135

0.134

0.133
0.132
0.131
0.130

0.129

0.129

0.128

0.127
0.125

0.124

0.123
0.123
0.122
0.121
0.120
0.119
0.118
0.117
0.116
0.115
0.115
0.114
0.113

0.113
0.112
0.111
0.110
0.109

0.109
0.108
0.107
0.106

0.106

0.105

0.105
0.104

0.103

0.103

0.101
0.101
0.100

0.099
0.098

v.sts/mpp
0.235
0.233
0.229
0.227

0.225
0.223
0.218

0.216

0.213

0.210

0.209

0.204

0.205

0.204

0.202
0.201
0.195

0.191
0.191
0.191

0.188
0.185

0.184

0.184

0.183

0.177
0.177
0.176
0.174

0.174
0.168
0.169

0.168
0.167

0.161
0.162

0.161

0.161

0.160

0.155

0.155

0.155

0.155

0.155

0.152

0.152

0.153

0.146

0.145

0.145

0.145

0.142

v.stn
0.131
0.136
0.136
0.129
0.132
0.133
0.130
0.130

0.132
0.126
0.120
0.118
0.126
0.131

0.139
0.135
0.139
0.127
0.125
0.132
0.134

0.137
0.133
0.141

0.142

0.135
0.142

0.146

0.136
0.135
0.147
0.137
0.145
0.153
0.155

0.151
0.156

0.158
0.156

0.158

0.151

0.145

0.151
0.155

0.161

0.165

0.165

0.170
0.168
0.166
0.163
0.162

264
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shr.stn sh.sts. ndeLU.

31.974
32.127

32.271
32.406

32.541

32.697
32.822

32.962
33.103
33.244

33.384
33.531

33.672
33.830
33.945
34.088

34.228

34.371
34.516

34.643
34.809
34.948
35.084
35.211

35.361

35.486

35.599
35.775

35.906
36.039
36.169
36.300

36.426

36.563
36.708
36.846
36.983
37.113

37.252

0.098

0.096

0.096

0.095

0.095

0.094
0.094
0.093
0.092
0.091

0.091
0.090
0.089
0.089
0.088
0.088
0.087
0.086
0.085

0.085
0.084
0.083
0.082
0.082
0.081
0.081
0.080
0.079
0.079
0.078
0.078
0.078
0.077
0.077
0.075
0.074
0.074
0.074
0.073

0.859
0.861
0.861
0.861
0.862
0.863
0.864
0.867
0.867
0.868
0.869
0.870
0.870
0.872
0.872
0.874
0.876
0.876
0.878
0.879
0.879
0.882
0.883
0.884
0.884
0.885
0.886
0.887
0.888
0.888
0.888
0.888
0.889
0.890
0.895
0.896

0.896
0.896
0.897

nv.sts. nsh./v.st

0.141

0.139

0.139

0.139

0.138

0.137

0.136

0.133

0.133

0.132

0.131

0.130

0.130

0.128

0.128

0.126

0.124

0.124

0.122

0.121

0.121
0.118

0.117

0.116

0.116

0.115

0.114

0.113

0.112

0.112

0.112

0.112

0.111

0.110

0.105

0.104
0.104
0.104
0.103

0.696

0.692

0.689
0.686
0.690
0.691
0.691
0.697
0.692
0.695
0.694

0.692
0.690
0.694
0.693
0.695
0.703
0.699
0.702
0.701
0.698

0.705
0.703
0.705
0.702
0.699
0.705
0.703
0.703
0.698
0.696

0.694
0.696
0.699
0.715
0.714

0.708
0.710
0.707

sh./su
0.484
0.476
0.474
0.472
0.470
0.467
0.463
0.459

0.455

0.452

0.448
0.445

0.442
0.439

0.437
0.434
0.429

0.426

0.422

0.419
0.416

0.412
0.407
0.406
0.401
0.399
0.396
0.393
0.389
0.387
0.386
0.383
0.382
0.378
0.372
0.367
0.365
0.363
0.360

eu/su sh/mpp v.sts/mpp

4.6

4.5

4.5

4.4

4.4

4.4

4.3

4.3

4.2

4.2

4.1

4.1

4.0

4.0

3.9

3.9

3.8

3.8

3.7

3.7

3.7

3.6

3.6

3.5

3.5

3.4

3.4

3.4

3.3

3.3

3.3

3.2

3.2

3.2

3.1

3.1

3.0

3.0

3.0

0.098
0.096
0.096
0.095

0.095

0.094
0.094
0.093
0.092
0.091

0.091

0.090

0.089
0.089
0.088
0.088
0.087

0.086
0.085
0.085

0.084
0.083
0.082
0.082
0.081
0.081
0.080
0.079
0.079
0.078
0.078
0.078
0.077
0.077
0.075
0.074
0.074
0.074
0.073

0.141

0.139

0.139

0.139

0.138

0.137

0.136

0.133

0.133

0.132

0.131

0.130

0.130

0.128

0.128

0.126

0.124

0.124

0.122

0.121

0.121

0.118

0.117

0.116

0.116

0.115

0.114

0.113

0.112

0.112

0.112

0.112

0.111

0.110

0.105

0.104

0.104

0.104

0.103

v.stn

0.169
0.163
0.166

0.169

0.167
0.170
0.179
0.181

0.176
0.187
0.184
0.188
0.186
0.190

0.186

0.183

0.191

0.184

0.186

0.187

0.185

0.185
0.186
0.188
0.183
0.181

0.187

0.194

0.196

0.201

0.200

0.205

0.207

0.193
0.203
0.203
0.196

0.198
0.199
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 31

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

1. Test Name : DSS 31

2. Date : 4/2/89

3. OCR : 1
4. Ver. Consolidation Stress (ksc) :1.441

5. Pre-Shear Height (cm) :2.1
6. Horizontal Shear Load Cell:

Zero: 0.0359

CF: -80.2

8. Vertical Stress Load Cell:

Zero: 0.1149

CF: -348.5

shr.stn

0.000

0.024

0.047
0.074
0.097
0.138

0.180

0.246

0.288

0.356

0.440

0.531

0.632

0.689

0.812

0.908

1.009

1.110

1.241

1.359

1.478
1.599
1.730
1.841
1.988
2.111

2.251

2.366

2.537

2.655

2.783

sh.sts.

-0.003

0.055

0.067

0.080

0.092

0.103

0.114

0.123

0.133

0.140

0.148

0.154

0.159

0.164
0.168
0.171
0.175
0.178
0.181

0.184

0.186
0.187

0.188

0.190

0.192

0.194

0.195
0.195

0.196
0.197

0.198

ndetU.

0.001

0.029

0.029

0.036

0.041

0.045
0.049

0.062

0.077
0.091

0.106

0.120

0.133
0.149

0.166

0.195

0.231

0.244

0.253

0.267

0.281

0.330

0.392

0.388

0.388

0.397

0.407

0.420

0.428

0.439

0.445

nv.sts. nsh./v.st

0.999
0.971
0.971
0.964
0.959

0.955

0.951

0.938

0.923

0.909

0.894

0.880

0.867

0.851

0.834

0.805

0.769
0.756
0.747
0.733
0.719
0.670
0.608
0.612
0.612
0.603

0.593

0.580

0.572

0.561

0.555

-0.003

0.057

0.069

0.083

0.096

0.108

0.120

0.131

0.144

0.154

0.165

0.175

0.184

0.193

0.201

0.213

0.228

0.236
0.242

0.250
0.258

0.279

0.309

0.310

0.314

0.321

0.329

0.337

0.344

0.351

0.356

7. Horizontal Displacement Transducer:

Zero: 0.1164

CF: 2.2815

9. Vertical Height Transducer:

Zero: -0.1271

CF: 2.0655

sh./su
-0.015

0.277

0.336

0.402

0.461

0.517

0.571
0.619
0.666
0.705
0.743
0.776
0.802
0.826

0.844
0.862
0.880
0.897
0.910
0.923
0.932

0.940

0.944

0.955

0.967

0.973

0.980

0.982

0.987

0.990

0.994

eu/su

9999.0

3651.3

2263.6

1695.0

1469.2

1153.2

976.3
774.9
710.7
607.5
516.9
447.1
387.8

366.2

317.5

289.5

266.3

246.5

223.8

207.1

192.3

179.3

166.3

158.1

148.2

140.4

132.6

126.4

118.5

113.6

108.8

sh/mpp

-0.003

0.055

0.067

0.080

0.092

0.103

0.114

0.123

0.133

0.140

0.148

0.154

0.159

0.164
0.168
0.171
0.175
0.178
0.181

0.184
0.186
0.187

0.188
0.190

0.192

0.194

0.195

0.195

0.196

0.197

0.198

v.sts/mpp

0.999
0.971
0.971
0.964
0.959
0.955

0.951

0.938

0.923

0.909

0.894

0.880
0.867
0.851
0.834
0.805

0.769
0.756
0.747
0.733
0.719
0.670

0.608

0.612

0.612

0.603

0.593

0.580

0.572

0.561

0.555

v.stn

0.000

-0.004

-0.002

0.000

0.000

-0.005

0.001

0.006

0.009

0.013

0.017

0.023

0.032

0.047

0.061

0.074
0.076
0.077
0.091

0.105

0.118

0.126

0.092

0.084

0.090

0.090

0.087

0.092

0.094

0.096

0.099
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shr.stn sh.sts. ndeLU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn
2.946 0.198 0.453 0.547 0.362 0.995 102.9 0.198 0.547 0.103

3.072 0.198 0.462 0.538 0.368 0.994 98.6 0.198 0.538 0.104

3.234 0.198 0.470 0.530 0.374 0.997 93.9 0.198 0.530 0.102

3.381 0.198 0.481 0.519 0.382 0.996 89.7 0.198 0.519 0.110

3.504 0.198 0.487 0.513 0.387 0.997 86.7 0.198 0.513 0.113

3.670 0.198 0.495 0.505 0.393 0.997 82.7 0.198 0.505 0.114

3.789 0.198 0.503 0.497 0.399 0.997 80.1 0.198 0.497 0.110

3.960 0.199 0.506 0.494 0.402 0.998 76.8 0.199 0.494 0.111

4.098 0.199 0.515 0.485 0.410 1.000 74.3 0.199 0.485 0.114

4.239 0.199 0.523 0.477 0.417 1.000 71.8 0.199 0.477 0,113
4.385 0.199 0.530 0.470 0.423 0.999 69.4 0.199 0.470 0.118

4.506 0.199 0.537 0.463 0.429 0.999 67.5 0.199 0.463 0.120

4.665 0.199 0.539 0.461 0.432 0.999 65.2 0.199 0.461 0.110

4.808 0.199 0.544 0.456 0.436 0.999 63.3 0.199 0.456 0.114

4.960 0.199 0.550 0.450 0.442 0.998 61.3 0.199 0.450 0.119

5.107 0.199 0.558 0.442 0.449 0.999 59.6 0.199 0.442 0.119

5.239 0.199 0.561 0.439 0.453 0.998 58.0 0.199 0.439 0.116

5.388 0.199 0.564 0.436 0.455 0.999 56.5 0.199 0.436 0.124

5.524 0.199 0.569 0.431 0.461 0.998 55.0 0.199 0.431 0.125

5.667 0.199 0.579 0.421 0.471 0.998 53.6 0.199 0.421 0.116

5.805 0.198 0.579 0.421 0.472 0.997 52.3 0.198 0.421 0.114

5.956 0.198 0.580 0.420 0.472 0.997 51.0 0.198 0.420 0.112

6.112 0.198 0.582 0.418 0.474 0.997 49.7 0.198 0.418 0.122

6.246 0.198 0.587 0.413 0.480 0.996 48.6 0.198 0.413 0.133

6.380 0.198 0.593 0.407 0.487 0.996 47.5 0.198 0.407 0.130

6.524 0.198 0.598 0.402 0.493 0.995 46.5 0.198 0.402 0.120

6.679 0.198 0.600 0.400 0.495 0.995 45.4 0.198 0.400 0.128

6.835 0.198 0.603 0.397 0.498 0.994 44.3 0.198 0.397 0.134

6.957 0.198 0.604 0.396 0.499 0.993 43.5 0.198 0.396 0.130

7.123 0.198 0.604 0.396 0.499 0.993 42.4 0.198 0.396 0.129

7.244 0.197 0.607 0.393 0.502 0.991 41.7 0.197 0.393 0.136

7.412 0.197 0.622 0.378 0.521 0.990 40.7 0.197 0.378 0.132

7.539 0.197 0.620 0.380 0.518 0.988 39.9 0.197 0.380 0.129

7.694 0.197 0.622 0.378 0.520 0.988 39.1 0.197 0.378 0.135

7.814 0.196 0.624 0.376 0.521 0.985 38.4 0.196 0.376 0.132

7.978 0.196 0.627 0.373 0.526 0.984 37.6 0.196 0.373 0.131

8.121 0.195 0.635 0.365 0.535 0.982 36.8 0.195 0.365 0.136

8.283 0.195 0.639 0.361 0.540 0.981 36.1 0.195 0.361 0.127

8.419 0.195 0.639 0.361 0.541 0.981 35.5 0.195 0.361 0.128

8.567 0.195 0.640 0.360 0.541 0.979 34.8 0.195 0.360 0.124

8.710 0.194 0.645 0.355 0.547 0.977 34.2 0.194 0.355 0.116

8.839 0.194 0.647 0.353 0.549 0.974 33.6 0.194 0.353 0.113

8.978 0.194 0.648 0.352 0.551 0.974 33.0 0.194 0.352 0.115

9.135 0.193 0.648 0.352 0.550 0.971 32.4 0.193 0.352 0.114

9.282 0.193 0.649 0.351 0.551 0.971 31.9 0.193 0.351 0.116

9.442 0.193 0.655 0.345 0.558 0.968 31.3 0.193 0.345 0.122

9.583 0.192 0.655 0.345 0.557 0.967 30.7 0.192 0.345 0.125

9.740 0.192 0.656 0.344 0.558 0.966 30.2 0.192 0.344 0.129

9.874 0.191 0.656 0.344 0.557 0.962 29.7 0.191 0.344 0.123

10.007 0.191 0.658 0.342 0.560 0.961 29.3 0.191 0.342 0.119

10.159 0.191 0.665 0.335 0.570 0.958 28.7 0.191 0.335 0.121

10.314 0.190 0.668 0.332 0.573 0.956 28.2 0.190 0.332 0.120
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shr.stn sh.sts. ndelU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn
10.428 0.190 0.671 0.329 0.576 0.953 27.9 0.190 0.329 0.120
10.597 0.190 0.671 0.329 0.576 0.953 27.4 0.190 0.329 0.126
10.733 0.190 0.671 0.329 0.576 0.953 27.1 0.190 0.329 0.129
10.891 0.189 0.671 0.329 0.576 0.952 26.6 0.189 0.329 0.131
11.017 0.189 0.671 0.329 0.576 0.951 26.3 0.189 0.329 0.127
11.172 0.189 0.675 0.325 0.581 0.950 25.9 0.189 0.325 0.131
11.327 0.189 0.679 0.321 0.589 0.949 25.5 0.189 0.321 0.130
11.472 0.188 0.679 0.321 0.587 0.947 25.2 0.188 0.321 0.129
11.618 0.188 0.685 0.315 0.598 0.946 24.8 0.188 0.315 0.128
11.763 0.188 0.686 0.314 0.598 0.944 24.5 0.188 0.314 0.121
11.924 0.188 0.686 0.314 0.599 0.944 24.1 0.188 0.314 0.120
12.082 0.188 0.686 0.314 0.599 0.945 23.8 0.188 0.314 0.125
12.239 0.188 0.687 0.313 0.599 0.944 23.5 0.188 0.313 0.123
12.385 0.188 0.687 0.313 0.600 0.944 23.2 0.188 0.313 0.128
12.536 0.188 0.688 0.312' 0.601 0.943 22.9 0.188 0.312 0.132
12.683 0.187 0.695 0.305 0.616 0.942 22.6 0.187 0.305 0.136

12.833 0.187 0.695 0.305 0.613 0.940 22.3 0.187 0.305 0.132

12.982 0.187 0.697 0.303 0.615 0.938 22.0 0.187 0.303 0.135
13.132 0.186 0.702 0.298 0.624 0.934 21.7 0.186 0.298 0.134
13.285 0.185 0.701 0.299 0.621 0.932 21.4 0.185 0.299 0.134
13.430 0.185 0.701 0.299 0.618 0.928 21.1 0.185 0.299 0.130
13.582 0.184 0.708 0.292 0.630 0.924 20.7 0.184 0.292 0.128
13.735 0.183 0.708 0.292 0.627 0.921 20.4 0.183 0.292 0.127
13.885 0.182 0.708 0.292 0.624 0.916 20.1 0.182 0.292 0.131
14.034 0.182 0.708 0.292 0.623 0.915 19.9 0.182 0.292 0.128
14.181 0.182 0.708 0.292 0.622 0.913 19.6 0.182 0.292 0.125
14.335 0.181 0.708 0.292 0.620 0.910 19.4 0.181 0.292 0.126
14.484 0.181 0.709 0.291 0.620 0.908 19.1 0.181 0.291 0.126
14.640 0.180 0.709 0.291 0.618 0.903 18.8 0.180 0.291 0.124
14.789 0.179 0.710 0.290 0.617 0.900 18.6 0.179 0.290 0.127
14.938 0.178 0.711 0.289 0.616 0.897 18.3 0.178 0.289 0.130

15.084 0.178 0.711 0.289 0.618 0.896 18.1 0.178 0.289 0.138

15.227 0.178 0.712 0.288 0.618 0.894 17.9 0.178 0.288 0.137
15.377 0.178 0.713 0.287 0.619 0.893 17.7 0.178 0.287 0.137
15.520 0.177 0.714 0.286 0.620 0.892 17.5 0.177 0.286 0.137
15.671 0.177 0.720 0.280 0.634 0.891 17.3 0.177 0.280 0.139
15.821 0.177 0.721 0.279 0.634 0.888 17.1 0.177 0.279 0.141
15.968 0.176 0.721 0.279 0.633 0.887 16.9 0.176 0.279 0.143
16.122 0.176 0.722 0.278 0.633 0.886 16.8 0.176 0.278 0.143
16.274 0.176 0.722 0.278 0.633 0.884 16.6 0.176 0.278 0.143
16.420 0.176 0.723 0.277 0.634 0.882 16.4 0.176 0.277 0.153
16.564 0.175 0.724 0.276 0.635 0.881 16.2 0.175 0.276 0.160
16.712 0.175 0.725 0.275 0.637 0.880 16.1 0.175 0.275 0.158
16.857 0.175 0.728 0.272 0.642 0.877 15.9 0.175 0.272 0.164
17.008 0.174 0.732 0.268 0.649 0.875 15.7 0.174 0.268 0.161
17.156 0.173 0.733 0.267 0.649 0.870 15.5 0.173 0.267 0.159
17.305 0.173 0.734 0.266 0.649 0.868 15.3 0.173 0.266 0.157
17.452 0.172 0.735 0.265 0.648 0.864 15.1 0.172 0.265 0.166
17.598 0.171 0.737 0.263 0.651 0.862 14.9 0.171 0.263 0.170
17.748 0.171 0.742 0.258 0.663 0.859 14.8 0.171 0.258 0.173
17.899 0.170 0.743 0.257 0.660 0.854 14.6 0.170 0.257 0.171
18.054 0.169 0.750 0.250 0.675 0.849 14.4 0.169 0.250 0.179
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shr.stn sh.sts.
18.207

18.359

18.505

18.658

18.809

18.959
19.106
19.246
19.397

19.548
19.704

19.853

20.005

20.156

20.309
20.453

20.604

20.758
20.909

21.062

21.212

21.357
21.499
21.644

21.794
21.939

22.088

22.232
22.381

22.531

22.680

22.831
22.971
23.118
23.264

23.413

23.558
23.708
23.851
24.003

24.150
24.288
24.433
24.572
24.722
24.861
25.009

25.154

25.300

25.445

25.586
25.728

0.168
0.167
0.166

0.165

0.164

0.164

0.163

0.162
0.162

0.160

0.159
0.158
0.157
0.156
0.155

0.154

0.154

0.153

0.152
0.151

0.150
0.149

0.149

0.148
0.147

0.147
0.146
0.145
0.144

0.144

0.143

0.142
0.141

0.141

0.140

0.139

0.138
0.138

0.137
0.136
0.135
0.135

0.134
0.134

0.133

0.132

0.132

0.131

0.130
0.130

0.129

0.129

ndelU.

0.754
0.755
0.759
0.761
0.761
0.766
0.767
0.768
0.769
0.778
0.780
0.780
0.785
0.789
0.791
0.792
0.792
0.794
0.803

0.804
0.804
0.804
0.805
0.806
0.807
0.810
0.811

0.819
0.819
0.819
0.820
0.820
0.821
0.822
0.822
0.830
0.830
0.830
0.830
0.834
0.837
0.837
0.841
0.843
0.846
0.847
0.847
0.847
0.857
0.856

0.856

0.857

nv.sts. nsh./v.st

0.246 0.681

0.245 0.683

0.241 0.691

0.239 0.691

0.239 0.689

0.234 0.698

0.233 0.700

0.232 0.697

0.231 0.700

0.222 0.721

0.220 0.724

0.220 0.719

0.215 0.730

0.211 0.740

0.209 0.740

0.208 0.740

0.208 0.738

0.206 0.743

0.197 0.768

0.196 0.766

0.196 0.762

0.196 0.760

0.195 0.760

0.194 0.760

0.193 0.765

0.190 0.773
0.189 0.774

0.181 0.802

0.181 0.795

0.181 0.795

0.180 0.791

0.180 0.790

0.179 0.790
0.178 0.793

0.178 0.789

0.170 0.817

0.170 0.812

0.170 0.809

0.170 0.809

0.166 0.819

0.163 0.830

0.163 0.823

0.159 0.843

0.157 0.853

0.154 0.862

0.153 0.866

0.153 0.863

0.153 0.861

0.143 0.905

0.144 0.900

0.144 0.897

0.143 0.898

sh./su
0.843
0.840
0.835
0.830
0.826

0.822
0.818
0.814
0.812
0.806
0.800
0.794

0.789
0.785
0.779
0.776
0.772
0.768
0.762

0.756
0.752
0.749
0.747
0.743
0.741
0.737
0.734
0.730
0.724
0.721
0.717
0.714
0.711
0.709
0.704
0.700
0.696

0.692
0.689
0.685
0.681
0.676
0.675
0.672
0.667
0.665
0.662
0.660
0.652

0.651

0.648
0.647

eu/su
14.1

14.0

13.8

13.6

13.4

13.2

i3.1

12.9

12.8

12.6

12.4

12.2

12.1

11.9

11.7

11.6

11.5

11.3

11.1

11.0

10.9

10.7

10.6

10.5

10.4

10.3

10.2

10.1

9.9

9.8

9.7

9.6

9.5

9.4

9.3

9.2

9.1

8.9

8.9

8.8

8.6

8.5

8.5

'8.4

8.3

8.2

8.1

8.1

7.9

7.9

7.8

7.7

sh/mpp v.sts/mpp v.stn

0.168
0.167

0.166
0.165

0.164

0.164

0.163

0.162

0.162

0.160

0.159
0.158
0.157
0.156

0.155
0.154
0.154

0.153

0.152
0.151

0.150
0.149

0.149

0.148
0.147
0.147
0.146

0.145
0.144

0.144

0.143

0.142

0.141
0.141
0.140

0.139

0.138
0.138
0.137
0.136
0.135

0.135
0.134
0.134

0.133

0.132

0.132

0.131

0.130

0.130

0.129

0.129

0.246

0.245

0.241

0.239

0.239
0.234
0.233

0.232

0.231

0.222

0.220

0.220

0.215

0.211
0.209
0.208

0.208
0.206

0.197

0.196

0.196

0.196

0.195

0.194

0.193

0.190

0.189

0.181
0.181

0.181

0.180

0.180

0.179
0.178
0.178

0.170
0.170

0.170

0.170

0.166

0.163

0.163

0.159

0.157
0.154

0.153

0.153

0.153

0.143

0.144

0.144

0.143

0.181
0.178
0.182

0.177
0.175
0.179
0.186
0.181
0.183

0.188
0.186
0.190

0.192

0.185

0.188
0.192

0.197

0.194

0.190

0.190

0.192

0.195

0.194

0.197
0.193
0.195

0.194
0.201
0.196
0.193

0.189
0.190

0.196

0.205
0.204
0.208

0.208

0.206
0.209
0.217
0.224
0.219
0.226
0.226
0.225
0.225

0.229

0.227
0.225

0.221
0.227
0.233



shr.stn

25.871

26.019

26.166
26.308

26.451

26.594

26.736
26.875
27.d31
27.168
27.312

27.451

27.588
27.732
27.869
28.015

28.148

28.296

28.427

28.567

28.706
28.841
28.979
29.120

29.264
29.403

29.545

29.682
29.822

29.957
30.094
30.228

30.375
30.511

30.648
30.782
30.913

31.053

31.192

31.322

31.457
31.588
31.726
31.859

31.995
32.126

32.262

32.395
32.529

32.658

32.792
32,925

sh.sts.

0.128

0.127

0.126

0.125

0.124

0.124

0.123

0.122

0.121
0.120

0.119
0.119
0.118

0.118
0.117
0.117
0.116
0.116
0.116
0.115

0.115

0.115
0.114
0.114

0.113
0.112
0.111
0.111

0.110

0.110
0.109

0.109

0.108
0.107
0.106
0.106

0.106

0.105

0.104
0.104
0.103

0.103

0.102
0.102

0.101

0.101

0.100

0.100
0.099
0.098
0.098
0.097

ndelU.
0.858

0.852
0.866
0.866
0.866
0.866
0.865
0.869
0.875
0.876
0.876
0.876
0.876
0.876
0.877
0.878
0.878
0.879
0.880
0.880
0.881
0.882
0.883
0.884
0.889
0.890
0.891
0.893
0.893
0.894
0.894
0.896
0.899
0.899
0.899
0.900
0.901
0.904
0.904
0.905
0.905
0.905
0.906
0.906
0.909
0.911
0.911
0.911
0.911
0.912
0.912
0.915

nv.sts.

0.142
0.148
0.134

0.134

0.134
0.134
0.135
0.131
0.125
0.124
0.124
0.124
0.124
0.124
0.123

0.122
0.122
0.121

0.120
0.120
0.119
0.118
0.117
0.116
0.111
0.110
0.109
0.107
0.107
0.106
0.106
0.104

0.101
0.101
0.101
0.100
0.099
0.096
0.096
0.095
0.095
0.095
0.094
0.094
0.091
0.089
0.089
0.089
0.089
0.088
0.088
0.085

nsh./v.st
0.901
0.860
0.941
0.933
0.926
0.922
0.917
0.936
0.964
0.964
0.961
0.954
0.952
0.953
0.953
0.959
0.956
0.962
0.960
0.963
0.965

0.971
0.975
0.976
1.016

1.015
1.026

1.031
1.032

1.036
1.029

1.044

1.062

1.060

1.055

1.057
1.068
1.091
1.091
1.086
1.084
1.087
1.081
1.084
1.107
1.126
1.119
1.116
1.114
1.124
1.116
1.148

sh./su
0.644
0.640
0.633

0.628
0.625

0.621

0.620

0.615

0.607
0.602

0.599
0.597

0.594

0.593
0.590

0.589

0.586
0.584
0.581

0.579
0.577
0.576
0.574
0.571
0.567
0.562
0.560
0.556

0.554
0.552

0.549

0.547
0.541
0.538

0.535

0.532

0.531

0.528

0.524
0.521
0.519

0.517
0.513

0.511
0.509

0.506
0.503
0.501
0.498
0.495
0.491
0.488

eu/su
7.6

7.6

7.4

7.3

7.3

7.2

7.1

7.0

6.9

6.8

6.7

6.7

6.6

6.6

6.5
6.5

6.4

6.3

6.3

6.2

6.2

6.1

6.1

6.0

6.0

5.9

5.8

5.8
5.7

5.7

5.6
5.6
5.5
5.4
5.4
5.3

5.3
5.2
5.2
5.1
5.1

5.0

5.0

5.0

4.9

4.9

4.8

4.8

4.7
4.7

4.6

4.6

sh/mpp
0.128

0.127

0.126

0.125
0.124
0.124

0.123

0.122
0.121
0.120
0.119
0.119
0.118
0.118
0.117
0.117
0.116
0.116
0.116
0.115
0.115

0.115
0.114

0.114
0.113
0.112
0.111
0.111
0.110
0.110
0.109

0.109

0.108

0.107
0.106
0.106

0.106

0.105

0.104

0.104
0.103

0.103

0.102
0.102

0.101
0.101

0.100

0.100

0.099
0.098

0.098
0.097

v.sts/mpp

0.142
0.148

0.134

0.134
0.134

0.134

0.135
0.131

0.125
0.124
0.124

0.124

0.124

0.124

0.123

0.122
0.122
0.121

0.120

0.120
0.119

0.118

0.117
0.116
0.111

0.110

0.109

0.107
0.107

0.106
0.106

0.104
0.101

0.101
0.101
0.100

0.099
0.096
0.096

0.095
0.095

0.095

0.094
0.094
0.091
0.089

0.089
0.089
0.089

0.088
0.088
0.085

v.stn

0.229
0.227
0.233

0.231
0.234
0.238

0.242
0.246

0.246

0.245
0.244

0.240
0.244

0.248

0.249

0.250

0.244

0.245

0.248

0.250
0.256

0.259

0.264
0.265

0.267
0.270
0.275
0.274
0.279
0.276
0.273
0.272
0.275
0.279
0.282

0.284
0.280
0.283
0.286
0.283
0.288
0.286
0.291
0.295

0.298

0.292

0.288
0.287
0.287
0.294

0.295

0.303
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shr.stn sh.sts. ndelU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn
33.053 0.096 0.916 0.084 1.150 0.485 4.5 0.096 0.084 0.308
33.190 0.096 0.919 0.081 1.184 0.482 4.5 0.096 0.081 0.313
33.322 0.095 0.920 0.080 1.184 0.477 4.4 0.095 0.080 0.313
33.453 0.094 0.921 0.079 1.196 0.475 4.4 0.094 0.079 0.314
33.579 0.094 0.921 0.079 1.195 0.474 4.4 0.094 0.079 0.317
33.710 0.094 0.921 0.079 1.192 0.473 4.3 0.094 0.079 0.314
33.838 0.094 0.921 0.079 1.190 0.472 4.3 0.094 0.079 0.318
33.969 0.093 0.921 0.079 1.188 0.469 4.3 0.093 0.079 0.320
34.096 0.093 0.922 0.078 1.186 0.467 4.2 0.093 0.078 0.316
34.226 0.092 0.922 0.078 1.183 0.464 4.2 0.092 0.078 0.315
34.361 0.092 0.923 0.077 1.186 0.461 4.2 0.092 0.077 0.312
34.486 0.091 0.923 0.077 1.184 0.458 4.1 0.091 0.077 0.312
34.614 0.091 0.926 0.074 1.222 0.456 4.1 0.091 0.074 0.319
34.743 0.090 0.927 0.073 1.244 0.454 4.0 0.090 0.073 0.323
34.871 0.090 0.929 0.071 1.257 0.451 4.0 0.090 0.071 0.330
35.003 0.089 0.929 0.071 1.250 0.449 4.0 0.089 0.071 0.332
35.131 0.089 0.929 0.071 1.242 0.446 3.9 0.089 0.071 0.337
35.257 0.088 0.929 0.071 1.242 0.444 3.9 0.088 0.071 0.338

?R
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 37

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

Test Name : DSS 37

Date : 6/11/89

OCR : 3.248

Ver. Consolidation Stress (ksc) :3.512

Pre-Shear Height (cm) :1.777

6. Horizontal Shear Load Cell:

Zero: 0.000092

CF: 7065.518

8. Vertical Stress Load Cell:

Zero: 0.2103

CF: -1188.86

shr.stn

0.000

0.005

0.006

2.000

0.017
0.017
0.030
0.060
0.097
0.179
0.274
0.388
0.514

0.639
0.772
0.907
1.044
1.184
1.334
1.482
1.634
1.787
1.937
2.097
2.251
2.415

2.571
2.735
2.897
3.059

sh.sts.

0.003

0.002

0.003

0.003

0.003

0.020

0.050

0.092

0.134

0.178
0.215
0.246
0.272
0.292
0.312

0.328

0.346
0.361
0.374
0.386
0.396

0.407

0.414

0.423

0.429

0.435

0.441

0.446

0.451

0.454

ndeLU.

0.001

0.002

0.003

0.003

0.003

0.001

-0.001

-0.004

-0.008

-0.015

-0.022

-0.031

-0.040
-0.048
-0.071
-0.077
-0.117

-0.134

-0.149

-0.164
-0.168
-0.193
-0.197

-0.207

-0.208

-0.217

-0.225

-0.226

-0.227

-0.229

nv.sts.

0.999

0.998
0.997
0.997
0.997
0.999
1.001

1.004
1.008

1.015

1.022

1.031

1.040
1.048
1.071
1.077
1.117

1.134

1.149

1.164
1.168
1.193
1.197

1.207

1.208
1.217
1.225

1.226

1.227
1.229

nsh./v.st
0.003

0.002

0.003

0.003

0.003

0.020

0.050

0.092

0.133

0.175
0.210
0.239
0.262
0.278
0.291
0.304
0.310

0.318

0.325

0.332

0.339

0.341

0.346

0.350

0.355

0.358

0.360
0.364
0.367
0.370

7. Horizontal Displacement Transducer:

Zero: -0.12234

CF: 2.2815

9. Vertical Height Transducer:

Zero: 0.05873

CF: 2.0655

sh./su

0.006

0.004

0.005

0.006

0.006

0.039

0.097

0.179

0.261

0.346

0.418

0.478

0.528

0.567

0.606
0.637
0.672
0.701
0.726
0.751
0.769
0.790
0.805
0.822
0.834
0.846
0.857
0.867
0.876
0.883

eu/su

9999.0
-146.5

-49.9

-3.8

7.3

578.0
913.0
857.8
787.5
568.9
450.8

364.6
305.1

263.2
233.2
208.9

191.4
176.0
161.9

150.7

140.0

131.6

123.8
116.7

110.3

104.4
99.3

94.4

90.1

86.0

sh/mpp

0.001

0.001

0.001

0.001

0.001

0.006

0.015

0.028

0.041

0.055

0.066

0.076
0.084
0.090
0.096

0.101

0.106

0.111

0.115

0.119

0.122

0.125

0.128

0.130
0.132

0.134
0.136
0.137
0.139

0.140

v.sts/mpp

0.308

0.307

0.307

0.307

0.307

0.308

0.308
0.309

0.310

0.312

0.315

0.317

0.320

0.323

0.330

0.332

0.344

0.349

0.354

0.359

0.360
0.367
0.368
0.372
0.372
0.375
0.377
0.378
0.378
0.378

3.225 0.459 -0.229 1.229 0.373 0.891 82.4 0.141 0.378 -0.110

v.stn
0.000

-0.005
0.001

-0.003
-0.003
0.002

0.000

-0.002
-0.002
-0.015

-0.025
-0.038
-0.052
-0.068
-0.082
-0.087
-0.099
-0.098
-0.098
-0.103
-0.105
-0.104

-0.103

-0.102
-0.105

-0.104
-0.100
-0.106
-0.104
-0.105



shr.stn

3.386

3.554
3.716
3.887
4.051
4.218

4.383
4.550
4.722
4.888
5.058
5.227
5.398
5.561
5.733
5.903
6.074
6.250
6.417
6.590
6.757
6.931
7.099
7.269
7.440
7.611
7.783
7.952
8.127
8.299
8.477
8.654
8.827
8.999
9.169
9.343
9.510
9.689
9.859
10.035

10.207

10.379
10.550

10.720
10.892
11.061
11.237
11.406
11.581

11.753
11.928

12.103

sh.sts.

0.461

0.465
0.469
0.472
0.475
0.477
0.480
0.481
0.484
0.486
0.488
0.490
0.492
0.493
0.494
0.496
0.497
0.499
0.499
0.501
0.502
0.502
0.504
0.504
0.506
0.506
0.507
0.508

0.509
0.510
0.510
0.511
0.511

0.512
0.512
0.513
0.513
0.513
0.513

0.513
0.514

0.513

0.515
0.514

0.514

0.514

0.514
0.514
0.514
0.514

0.513

0.514

nde U.
-0.230
-0.235
-0.243
-0.243
-0.243
-0.243
-0.243
-0.242
-0.242
-0.241
-0.238
-0.237
-0.237
-0.236
-0.235
-0.234
-0.233
-0.232
-0.231
-0.230
-0.230
-0.228
-0.227
-0.226
-0.225
-0.224
-0.223
-0.222
-0.221
-0.220
-0.218
-0.217
-0.215
-0.214
-0.213
-0.211
-0.210
-0.209
-0.207
-0.205
-0.204
-0.202
-0.200
-0.199
-0.197
-0.196
-0.194
-0.192
-0.190
-0.188
-0.185
-0.182

nv. sts.

1.230

1.235
1.243
1.243
1.243
1.243
1.243

1.242
1.242
1.241
1.238
1.237
1.237
1.236
1.235
1.234
1.233
1.232
1.231
1.230
1.230
1.228
1.227
1.226
1.225
1.224
1.223
1.222
1.221
1.220
1.218
1.217
1.215
1.214
1.213
1.211
1.210
1.209
1.207
1.205
1.204
1.202
1.200
1.199
1.197
1.196
1.194
1.192
1.190
1.188
1.185

1.182

nsh./9.st
0.375
0.377
0.377
0.380
0.382
0.384

0.386
0.387
0.390
0.391
0.394
0.396
0.397
0.399
0.400
0.402
0.403

0.405
0.405

0.407
0.408
0.409
0.411

0.411

0.413
0.413
0.415

0.416
0.417
0.418
0.419
0.420
0.420

0.422
0.422

0.423
0.424
0.425
0.425
0.426
0.427
0.427
0.429
0.428

0.430
0.430
0.431

0.431
0.432
0.433
0.433
0.434

sh./su

0.896
0.904

0.911
0.918
0.923
0.927
0.933
0.935
0.941
0.944

0.948
0.952
0.955
0.958
0.960

0.964
0.965
0.969
0.970
0.973
0.975
0.976
0.979
0.980
0.983
0.983
0.986
0.987

0.990
0.991
0.992
0.994

0.993
0.995

0.994
0.997

0.996
0.997
0.998
0.997
0.999
0.998
1.000
0.998
1.000
0.999
0.999
0.999
0.998
0.999
0.997
0.998

eu/su

78.9

75.8

73.0

70.4

67.9

65.5
63.4

61.3
59.4
57.6
55.9

54.3
52.8
51.4
49.9

48.7
47.4
46.2

45.1
44.0

43.0

42.0
41.1
40.2
39.4
38.5
37.8
37.0
36.3

35.6

34.9

34.2

33.5

33.0

32.3
31.8
31.2
30.7

30.2
29.6

29.2
28.7
28.3
27.8
27.4
26.9
26.5

26.1

25.7
25.4
24.9
24.6

sh/mpp

0.142
0.143
0.144

0.145
0.146
0.147
0.148

0.148
0.149
0.150
0.150
0.151
0.151
0.152
0.152
0.153
0.153

0.154

0.154

0.154

0.154

0.155
0.155

0.155
0.156
0.156

0.156

0.156

0.157
0.157
0.157
0.157
0.157
0.158
0.158

0.158
0.158

0.158
0.158

0.158

0.158

0.158
0.158
0.158

0.158

0.158

0.158

0.158
0.158

0.158

0.158

0.158

v.sts/mpp

0.379

0.380

0.383
0.383
0.383

0.383
0.383
0.382
0.382
0.382

0.381
0.381
0.381
0.380
0.380
0.380
0.380
0.379
0.379
0.379

0.379
0.378

0.378

0.378
0.377

0.377
0.377

0.376
0.376
0.376

0.375
0.375
0.374
0.374
0.373
0.373
0.373
0.372
0.372
0.371
0.371
0.370
0.370
0.369
0.369
0.368
0.368
0.367
0.366
0.366
0.365
0.364

v.stn
-0.107
-0.112
-0.105
-0.108
-0.106
-0.105
-0.103
-0.101
-0.103
-0.100
-0.104
-0.100
-0.096
-0.095
-0.095
-0.093
-0.095
-0.099
-0.094
-0.094
-0.091
-0.088
-0.084
-0.082
-0.082
-0.080

-0.081
-0.081
-0.078
-0.074
-0.068
-0.069
-0.064
-0.057
-0.059
-0.050

-0.050

-0.044
-0.037
-0.032
-0.032
-0.031
-0.026
-0.024
-0.016
-0.014
-0.010
-0.006
0.000

0.006
0.007
0.014
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shr.stn

12.277
12.454

12.630
12.814
12.993
13.166
13.354
13.516

13.696
13.867
14.027

14.216
14.368
14.550

14.743
14.916

15.068
15.243
15.424
15.612

15.792
15.944
16.130

16.294
16.474
16.637
16.821
16.973
17.181

17.332
17.510

17.707
17.875
18.035

18.192
18.366
18.551

18.722
18.894
19.066
19.237
19.408
19.581
19.752
19.925
20.093
20.265
20.435
20.610
20.779
20.954
21.125

sh.sts.

0.512
0.513
0.513
0.513
0.512
0.511
0.511
0.510
0.511
0.509
0.509
0.508
0.508
0.507
0.506
0.505
0.504

0.503
0.502
0.501
0.500
0.499
0.498
0.497
0.496
0.494
0.494
0.493

0.492
0.491
0.490
0.489
0.488
0.487
0.486
0.486
0.484
0.484
0.483
0.482
0.482
0.480

0.480
0.478
0.477
0.476
0.475
0.474
0.473
0.472
0.471
0.470

nde U.
-0.180
-0.177
-0.175
-0.172
-0.169
-0.167
-0.164
-0.161

-0.159
-0.156

-0.153

-0.150
-0.147
-0.144

-0.141

-0.138
-0.135
-0.131

-0.128

-0.124

-0.121
-0.117
-0.114

-0.110
-0.106
-0.102

-0.099
-0.095
-0.091
-0.088
-0.084
-0.080
-0.077
-0.074
-0.072
-0.069
-0.065
-0.062
-0.059
-0.056
-0.053
-0.050

-0.047
-0.043
-0.040
-0.036

-0.033
-0.029
-0.026
-0.022
-0.018

nv.sts.

1.180
1.177
1.175
1.172
1.169
1.167
1.164
1.161
1.159
1.156
1.153
1.150
1.147
1.144

1.141
1.138
1.135
1.131

1.128
1.124
1.121
1.117
1.114
1.110
1.106
1.102
1.099

1.095
1.091

1.088

1.084

1.080

1.077
1.074
1.072
1.069
1.065
1.062
1.059

1.056
1.053
1.050
1.047
1.043
1.040
1.036
1.033

1.029
1.026
1.022

1.018
-0.015 1.015 0.463 0.914

nsh./v.st
0.434

0.436
0.436

0.437
0.438
0.438
0.439

0.439

0.441
0.440
0.442

0.442

0.443

0.443
0.443

0.444

0.444
0.445
0.445

0.446

0.446
0.447
0.448

0.447
0.449
0.448
0.450
0.450
0.451
0.452
0.452
0.453

0.453

0.453
0.454

0.454

0.455

0.455
0.456

0.456
0.457
0.457
0.458
0.458

0.459
0.459
0.460
0.461

0.461
0.462
0.462

sh./su

0.996
0.997
0.996
0.997
0.995
0.993
0.994
0.991
0.992
0.989

0.990
0.988
0.986
0.986
0.982

0.982

0.979
0.978
0.976
0.973
0.972
0.970
0.969
0.965
0.964
0.961
0.960
0.958
0.956

0.955
0.952
0.951
0.947
0.947
0.944
0.944
0.941
0.940
0.939

0.937
0.936
0.933
0.932

0.929

0.928

0.925

0.923
0.922

0.920
0.918
0.915

eu/su

24.2
23.9
23.5
23.2
22.8
22.5

22.2
21.9
21.6
21.3
21.0
20.7
20.5

20.2

19.9

19.6
19.4
19.1
18.9
18.6

18.4
18.1
17.9
17.7
17.4
17.2
17.0
16.8

16.6
16.4
16.2
16.0
15.8
15.6
15.5
15.3
15.1
15.0
14.8
14.6
14.5
14.3
14.2
14.0
13.9

13.7
13.6
13.4
13.3

13.2

13.0

sh/mpp
0.158

0.158

0.158

0.158

0.158

0.157

0.157

0.157

'0.157

0.157

0.157

0.157

0.156

0.156

0.156

0.156

0.155

0.155

0.155

0.154

0.154

0.154

0.153

0.153

0.153

0.152

0.152

0.152

0.151

0.151

0.151

0.151

0.150

0.150

0.150

0.150

0.149

0.149

0.149

0.148

0.148

0.148

0.148

0.147

0.147

0.147

0.146

0.146

0.146

0.145

0.145

12.9 0.145 0.312 0.329

v.sts/mpp

0.363

0.362

0.362
0.361
0.360
0.359

0.358

0.357

0.357

0.356

0.355

0.354

0.353

0.352

0.351

0.350

0.349

0.348

0.347

0.346

0.345

0.344

0.343

0.342

0.341

0.339
0.338

0.337

0.336

0.335

0.334

0.333

0.332

0.331

0.330

0.329

0.328

0.327

0.326

0.325

0.324
0.323
0.322
0.321

0.320

0.319

0.318

0.317

0.316

0.315

0.314

v.stn

0.011

0.013

0.014

0.015

0.018

0.019

0.027

0.026

0.033

0.037

0.039

0.044

0.047

0.050

0.057

0.061

0.066

0.068
0.074
0.078
0.088
0.093
0.101

0.107

0.113

0.119

0.126

0.131

0.139

0.143

0.148

0.158

0.162

0.171

0.179

0.187

0.193

0.202

0.215
0.219
0.231
0.238

0.245

0.254

0.270

0.271

0.281

0.289

0.303
0.311

0.317
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shr.stn sh.sts. ndeLU.

21.298
21.477
21.648

21.824
21.994
22.171
22.343
22.515
22.689
22.862
23.034
23.205
23.381
23.551
23.725
23.896
24.070
24.242
24.412
24.588
24.758
24.934
25.105

25.277
25.449
25.624
25.799
25.974
26.152
26.321
26.499

26.670
26.844
27.019
27.192
27.365
27.538
27.715
27.884
28.061
28.234
28.411

28.583
28.758
28.931
29.103
29.282
29.452

29.629
29.800
29.980
30.152

0.469
0.468
0.466
0.466
0.464
0.463
0.461
0.460
0.460
0.458
0.457
0.456
0.455
0.454
0.452
0.452
0.450
0.449
0.447
0.446
0.444
0.443
0.442
0.440
0.439
0.437
0.437
0.435
0.433
0.431
0.430
0.429
0.427
0.426
0.423
0.423
0.420
0.419
0.418
0.416
0.414
0.412
0.411
0.409
0.408
0.405
0.404
0.402
0.401
0.399
0.397
0.396

-0.011

-0.007

-0.004

0.000

0.004
0.008
0.012
0.016
0.019
0.023
0.026
0.030
0.033
0.036
0.040
0.043
0.048
0.051
0.055
0.058

0.062
0.066
0.069
0.073
0.076
0.080
0.084
0.088
0.092
0.096

0.100

0.104
0.108
0.112

0.116

0.120

0.124
0.128
0.132
0.136
0.140

0.144

0.148

0.153
0.157

0.160

0.164
0.169
0.173
0.177
0.181
0.185

nv.sts. nsh./v.st sh./su

1.011

1.007
1.004

1.000

0.996
0.992
0.988
0.984
0.981
0.977
0.974
0.970
0.967
0.964
0.960
0.957
0.952
0.949
0.945

0.942
0.938
0.934
0.931
0.927
0.924
0.920

0.916
0.912
0.908
0.904
0.900
0.896
0.892
0.888
0.884
0.880
0.876
0.872
0.868
0.864
0.860
0.856
0.852
0.847
0.843
0.840
0.836
0.831
0.827
0.823
0.819
0.815

0.463
0.465
0.465
0.466
0.466
0.466
0.467
0.467
0.468

0.468
0.469
0.470
0.471
0.471
0.471
0.472
0.472
0.473
0.473
0.474
0.474
0.474
0.475
0.475
0.476
0.475
0.477
0.477
0.478
0.477
0.478
0.478
0.478
0.480

0.479
0.480
0.480
0.481
0.481
0.481
0.482
0.482
0.483

0.482
0.484
0.483
0.484
0.484
0.484
0.485
0.485
0.486

0.911

0.909
0.906

0.905

0.902
0.899
0.897

0.893
0.893
0.889
0.888
0.886
0.884
0.882
0.879
0.878
0.874
0.873
0.868
0.868
0.864
0.861

0.859
0.855

0.854
0.850

0.849
0.844
0.842
0.838
0.836
0.833
0.829
0.828
0.823
0.821
0.817
0.815

0.811

0.808

0.805

0.801
0.799
0.794
0.792
0.788
0.786
0.782
0.779

0.776
0.772
0.770

eu/su sh/mpp v.sts/mpp v.stn
12.7
12.6
12.5
12.4
12.2
12.1
12.0
11.8
11.7
11.6
11.5
11.4
11.3
11.2

11.0
10.9
10.8
10.7
10.6
10.5
10.4
10.3
10.2
10.1
10.0

9.9
9.8
9.7
9.6
9.5
9.4

9.3
9.2
9.1
9.0

8.9
8.8
8.8
8.7
8.6
8.5
8.4
8.3
8.2
8.2
8.1

8.0

7.9
7.8
7.8
7.7
7.6

0.144

0.144

0.144

0.143

0.143

0.142
0.142
0.142
0.141
0.141

0.141

0.140
0.140

0.140

0.139

0.139
0.138
0.138
0.138
0.137
0.137
0.136
0.136
0.135
0.135
0.135
0.135
0.134
0.133
0.133
0.132
0.132
0.131
0.131
0.130
0.130
0.129
0.129
0.129
0.128
0.128
0.127
0.127
0.126
0.126
0.125
0.125
0.124
0.123
0.123
0.122
0.122

0.311
0.310
0.309
0.308
0.307
0.305
0.304
0.303
0.302
0.301
0.300
0.299
0.298
0.297
0.296
0.295
0.293
0.292
0.291

0.290
0.289
0.288
0.287
0.285
0.284
0.283
0.282
0.281
0.279
0.278
0.277

0.276
0.275
0.273
0.272
0.271
0.270
0.269
0.267
0.266

0.265
0.263

0.262

0.261
0.260
0.259
0.257
0.256
0.255
0.253
0.252
0.251

0.341
0.350
0.364
0.365
0.376
0.380

0.383
0.397
0.405
0.417
0.423
0.433
0.445
0.453
0.460
0.463
0.477
0.488
0.493
0.500
0.510
0.520
0.525
0.533
0.539
0.546
0.553
0.564

0.576
0.584
0.597
0.602

0.613
0.624
0.634
0.639
0.646

0.654
0.666
0.673
0.685
0.695
0.704
0.714
0.724

0.729

0.736
0.749
0.760
0.769
0.778
0.790



shr.stn
30.327

30.502

30.673
30.851

31.021

31.201
31.370
31.547
31.718
31.894

32.070
32.241
32.420

32.593
32.771
32.943
33.121

33.293

33.467
33.644
33.815

33.992

34.165
34.345
34.517
34.694
34.868

35.044
35.222

35.395
35.575
35.745
35.926
36.098
36.279
36.456
36.637

36.815
36.991
37.171
37.344
37.524
37.698
37.875
38.053
38.228
38.408
38.579
38.758
38.928
39.103
39.272

sh.sts.

0.393
0.392
0.390
0.389
0.387
0.385
0.383
0.381
0.380
0.377

0.376
0.373
0.372
0.370

0.368
0.366
0.364
0.362
0.360
0.359
0.357
0.356
0.354

0.352
0.350
0.348
0.347
0.344
0.343

0.341
0.339
0.337
0.335
0.333

0.331

0.329
0.327
0.325
0.322
0.320
0.318
0.316
0.314

0.312

0.310
0.308
0.306
0.304
0.302
0.300
0.297
0.296

ndeLU.

0.189
0.194
0.198
0.202
0.206
0.210

0.214
0.218
0.223
0.227
0.231
0.235
0.239
0.243
0.248
0.252
0.256
0.261
0.265

0.269
0.273
0.278
0.282
0.286
0.291
0.295
0.299
0.303
0.307
0.311

0.315

0.320
0.324
0.328
0.333
0.337
0.341
0.345
0.349
0.353
0.357
0.361
0.365
0.369
0.373
0.376
0.381
0.384
0.389
0.393
0.397
0.401

nv.sts.

0.811

0.806
0.802

0.798
0.794
0.790
0.786
0.782
0.777
0.773
0.769

0.765
0.761
0.757
0.752
0.748
0.744
0.739
0.735
0.731
0.727
0.722
0.718
0.714
0.709
0.705
0.701
0.697
0.693
0.689
0.685
0.680
0.676
0.672
0.667
0.663
0.659

0.655
0.651

0.647
0.643
0.639
0.635
0.631
0.627
0.624
0.619

0.616
0.611

0.607
0.603
0.599

nsh./v.st
0.485

0.487
0.486
0.487
0.487
0.488
0.488
0.487
0.488

0.488
0.489
0.488
0.489
0.489
0.489
0.489
0.489
0.490
0.490
0.491

0.491
0.492
0.493
0.493
0.494

0.494

0.494
0.494
0.495
0.495

0.495
0.495
0.496

0.496

0.496

0.496

0.495
0.496

0.495
0.495

0.495
0.494

0.495
0.494

0.494

0.493
0.494
0.494

0.494
0.494

0.493
0.494

sh./su

0.765
0.763
0.758
0.756
0.752
0.748
0.745
0.741
0.738
0.733
0.730
0.726
0.723
0.718
0.715
0.711
0.707
0.704
0.699
0.697
0.693
0.691
0.688
0.684
0.681
0.676
0.674
0.669
0.666
0.662
0.659

0.655

0.652

0.648

0.643
0.639
0.635
0.631
0.626
0.623
0.618
0.614

0.611

0.606
0.603
0.598
0.595
0.591

0.587
0.583
0.578
0.574

eu/su
7.5

7.4

7.4

7.3

7.2

7.1

7.1

7.0

6.9

6.8

6.8

6.7

6.6

6.6

6.5

6.4

6.3

6.3

6.2

6.2

6.1

6.0

6.0

5.9

5.9

5.8

5.7

5.7

5.6

5.6

5.5

5.4

5.4

5.3

5.3

5.2

5.1

5.1

5.0

5.0

4.9

4.9

4.8

4.8

4.7

4.6

4.6

4.5

4.5

4.4

4.4

4.3

sh/mpp
0.121
0.121
0.120

0.120

0.119
0.119
0.118

0.117
0.117
0.116
0.116
0.115
0.115

0.114

0.113
0.113

0.112
0.112
0.111

0.110

0.110
0.109
0.109
0.108
0.108
0.107

0.107
0.106
0.106

0.105

0.104
0.104

0.103
0.103
0.102

0.101
0.101

0.100

0.099
0.099
0.098
0.097
0.097
0.096

0.095
0.095

0.094

0.094
0.093
0.092

0.092
0.091

v.stsI/mpp
0.250

0.248
0.247
0.246
0.244
0.243

0.242
0.241

0.239
0.238
0.237
0.236
0.234
0.233
0.232
0.230
0.229
0.228
0.226

0.225
0.224
0.222
0.221
0.220

0.218

0.217
0.216
0.215

0.213

0.212
0.211

0.209

0.208
0.207

0.205

0.204
0.203

0.202

0.201

0.199
0.198
0.197

0.196

0.194

0.193
0.192
0.191
0.190
0.188
0.187

0.186
0.184

v.stn
0.797
0.802
0.812
0.819
0.832
0.840
0.853
0.856
0.864
0.872
0.879
0.896
0.906
0.919
0.925
0.933
0.942
0.949

0.964
0.972
0.980
0.989
1.002
1.010
1.024
1.031
1.046
1.048
1.061
1.067
1.076
1.087
1.101
1.107

1.115
1.128
1.131

1.141
1.150
1.164
1.169
1.182
1.191

1.202

1.209

1.220
1.234

1.243
1.250

1.259
1.272
1.271

276



shr.stn

39.445

39.617

39.789

39.965

40.127

sh.sts.

0.293

0.291

0.289
0.287
0.280

ndeLU.

0.406

0.410

0.415

0.419

0.423

nvy.sts.

0.594

0.590

0.585

0.581

0.577

nsh./v.st

0.493
0.494
0.493
0.493
0.486

sh./su

0.569

0.566

0.561

0.557

0.545

eu/su
4.3

4.2

4.2

4.1

4.0

sh/mpp

0.090

0.090

0.089
0.088
0.086

v.sts/mpp

0.183

0.182

0.180
0.179
0.178

v.stn

1.277

1.288

1.291

1.295

1.304

277
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 40

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

1. Test Name : DSS 40

2. Date : 5/29/89

3. OCR : 1.965

Ver. Consolidation Stress (ksc) :5.7975

Pre-Shear Height (cm) :1.737

Horizontal Shear Load Cell:

Zero: 0.000092

CF: 7065.518

8. Vertical Stress Load Cell:

Zero: 0.2085

CF: -1188.86

shr.stn

0.000

-0.002

0.000

0.005

0.010
0.010
0.010
0.014
0.035

0.062

0.105

0.166

0.241

0.331

0.433

0.544

0.669
0.804
0.939
1.086
1.234

1.385

1.540

1.701

1.858

2.020

2.180

2.341

2.514

2.675

2.842

sh.sts.

0.001

0.001

0.001

0.001

0.001

0.002

0.003

0.012

0.033

0.060

0.093

0.126

0.157

0.185

0.208

0.229

0.244

0.258

0.270

0.281

0.290

0.296
0.303
0.308
0.314
0.318

0.323

0.326

0.329

0.331

0.334

ndetU.

-0.003

-0.015

-0.026

-0.010
-0.012
-0.021

-0.021

-0.005

-0.009

-0.014

-0.012

-0.025

-0.032
-0.036
-0.057
-0.061
-0.055

-0.057

-0.082

-0.085

-0.076
-0.073
-0.073
-0.074
-0.074
-0.090
-0.075
-0.066
-0.060
-0.056

-0.053

nv.sts. nsh./v.st

1.003

1.015

1.026

1.010

1.012

1.021

1.021

1.005

1.009

1.014

1.012

1.025

1.032

1.036

1.057

1.061

1.055

1.057

1.082

1.085

1.076
1.073
1.073
1.074
1.074
1.090
1.075
1.066
1.060
1.056

1.053

0.001

0.001

0.001

0.001

0.001

0.002

0.003

0.012

0.033

0.059

0.092

0.123

0.152

0.178
0.197

0.216
0.231
0.244

0.250

0.259

0.269

0.276

0.282

0.287

0.292

0.292

0.300

0.305

0.310

0.314

0.317

7. Horizontal Displacement Transducer:

Zero: -0.12312

CF: 2.2815

9. Vertical Height Transducer:

Zero: 0.071488

CF: 2.0655

sh./su

0.003

0.003

0.004

0.003

0.003

0.005

0.007

0.034

0.092

0.166
0.258
0.349
0.435

0.510

0.576

0.633

0.674
0.714
0.747
0.778
0.801

0.820

0.837
0.852
0.868
0.881
0.893

0.900

0.910

0.917

0.924

eu/su

9999.0
2.3

606.0

14.2

10.1
54.6

141.0

688.2
762.6
788.1
728.0
624.6
537.4
459.5
397.4
347.6

301.1
265.5

238.0
214.3

194.0
177.0
162.6
149.8
139.7

130.4

122.5

115.0
108.2

102.5

97.3

sh/mpp
0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.006

0.017
0.031
0.047

0.064
0.080

0.094

0.106

0.116

0.124

0.131

0.138

0.143

0.147

0.151

0.154

0.157

0.160

0.162

0.164
0.166
0.167

0.169

0.170

v.sts/mpp

0.510

0.516

0.522

0.514

0.515

0.520

0.519

0.511

0.514

0.516

0.515

0.521

0.525

0.527

0.538

0.540

0.537

0.538

0.551

0.552

0.548

0.546

0.546

0.547
0.547

0.555

0.547

0.542

0.540

0.537

0.536

v.stn

0.000

0.002

0.008

0.001

0.004

0.009

0.004

0.006

0.008

0.000

0.000

-0.006

-0.004

-0.014

-0.013

-0.021

-0.031

-0.036

-0.035

-0.028

-0.032

-0.041

-0.042

-0.036

-0.041

-0.024

-0.022

-0.014

-0.019

-0.040

-0.029
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shr.stn sh.sts. ndetU. nv.sts. nsh./v.st sh./su
3.014

3.175

3.344

3.512
3.677
3.846
4.019
4.179
4.355

4.521
4.694
4.873
5.039
5.215
5.389

5.559
5.733
5.907
6.078
6.250

6.425

6.598

6.776
6.943
7.117
7.291

7.462

7.635
7.812
7.985
8.156

8.338

8.504

8.680

8.853

9.031

9.204

9.378

9.556

9.728

9.905

10.075

10.255

10.429

10.607

10.789

10.967

11.147

11.320

11.497

11.671

11.849

0.337

0.339

0.341

0.342

0.345

0.346

0.348

0.349

0.350

0.352

0.353

0.354

0.355

0.356

0.356

0.357

0.358

0.358

0.359

0.359

0.360

0.360

0.360
0.361
0.361
0.361

0.361

0.362

0.361

0.361

0.361

0.361

0.361

0.361

0.361

0.361
0.361
0.361
0.361
0.361
0.361
0.360
0.360
0.360
0.359

0.359

0.358

0.359

0.359

0.359

0.357

0.357

-0.050

-0.046
-0.042
-0.036
-0.030
-0.025

-0.023

-0.016

-0.006

-0.001

0.004

0.009

0.014

0.019

0.027

0.030
0.034
0.040

0.045

0.049

0.054

0.056

0.058

0.060
0.064
0.070
0.075
0.083
0.090

0.092

0.098

0.101
0.103

0.106
0.109

0.115

0.117

0.120

0.124

0.127

0.130

0.134

0.141

0.146

0.150

0.150

0.152

0.153

0.142

0.156

0.172

0.175

1.050

1.046

1.042
1.036
1.030

1.025

1.023

1.016

1.006

1.001

0.996
0.991
0.986.
0.981

0.973
0.970
0.966
0.960

0.955

0.951

0.946

0.944

0.942

0.940

0.936

0.930

0.925

0.917

0.910

0.908

0.902

0.899

0.897

0.894

0.891

0.885
0.883
0.880
0.876
0.873
0.870
0.866
0.859

0.854

0.850

0.850

0.848

0.847

0.858

0.844

0.828

0.825

0.321

0.324

0.327

0.330

0.335

0.338

0.340
0.344
0.348
0.351

0.354

0.357
0.360
0.363
0.366
0.368
0.371
0.373
0.376
0.377
0.380
0.381

0.383

0.384

0.385

0.388
0.390
0.394
0.396
0.398
0.400
0.401

0.403

0.404

0.406

0.407
0.409
0.410
0.412
0.413

0.415

0.416

0.419

0.421

0.422

0.423

0.423

0.424

0.419

0.426

0.432

0.432

0.932

0.936

0.944

0.947

0.954

0.958

0.962

0.966
0.969
0.972
0.975
0.979
0.981

0.985

0.985

0.988
0.990
0.991
0.993
0.992
0.995
0.995
0.996
0.997
0.998
0.999
0.999
1.000

0.998
0.999
0.997
0.998
0.999
0.999
0.999
0.997
0.999
0.998
0.999
0.997
0.998
0.997
0.995
0.995
0.993
0.993
0.991
0.993
0.994
0.994
0.989
0.986

eu/su sh/mpp v.sts/mpp
92.5

88.2

84.5

80.7

77.6

74.5

71.6

69.2

66.5

64.3

62.2

60.1

58.2

56.5
54.7

53.2

51.7

50.2

48.9

47.5
46.3

45.1

44.0

43.0

42.0
41.0

40.0

39.2

38.2

37.4
36.6

35.8

35.1

34.4

33.8

33.0

32.5
31.8

31.3

30.7
30.1
29.6

29.0

28.5

28.0

27.5
27.0
26.6

26.3
25.9

25.3

24.9

0.172
0.172

0.174
0.174
0.176
0.176
0.177
0.178
0.178
0.179
0.179
0.180

0.180

0.181
0.181

0.182

0.182

0.182

0.183

0.183

0.183

0.183

0.183

0.183
0.184
0.184
0.184
0.184
0.184
0.184
0.184
0.184
0.184
0.184
0.184

0.184
0.184
0.184
0.184
0.183
0.184
0.183
0.183
0.183
0.183
0.183
0.182

0.183
0.183

0.183

0.182

0.181

0.534

0.532

0.530

0.527

0.524

0.522

0.521

0.517

0.512

0.509

0.507

0.504

0.502

0.499

0.495

0.494

0.492

0.489

0.486

0.484

0.481

0.480
0.479
0.478
0.476
0.473
0.471
0.467

0.463

0.462

0.459

0.458

0.456

0.455

0.453

0.451

0.449
0.448
0.446
0.444
0.443

0.441

0.437

0.434

0.432

0.432

0.432

0.431

0.437

0.429

0.421

0.420

v.stn

-0.020

-0.017

-0.008

-0.026

-0.007

-0.014
-0.006

-0.017

-0.010

0.003

0.000

-0.017
-0.017
-0.017
-0.023

-0.010
-0.007
-0.017
-0.019
-0.020

-0.017

-0.029

-0.012

0.008

0.005

0.006

-0.003

-0.003

0.005

-0.006

0.011

-0.007

0.001

-0.004

0.001

0.009

0.010

0.014

0.022

0.009

0.014

0.012

0.021

0.024

0.027

0.004

-0.005

0.004

0.012

0.015

-0.003

0.000
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shr.stn sh.sts.
12.017

12.197

12.373
12.547
12.727
12.899
13.079
13.252
13.433

13.632
13.790

13.896
14.133

14.353

14.458

14.649
14.857
14.996

15.151

15.333

15.518

15.722
15.896
16.084

16.275
16.505

16.621
16.810

16.980
17.077
17.336
17.497

17.617
17.882

17.967
18.190

18.414

18.584
18.715

18.827
19.065

19.238
19.418

19.593
19.767

19.942
20.116

20.293
20.468

20.647
20.822
21.004

0.357
0.357
0.357
0.355

0.355

0.354

0.354

0.354

0.354

0.354

0:353

0.353

0.352

0.352

0.351

0.350

0.349

0.348
0.348
0.346
0.346
0.345
0.343
0.342
0.341
0.340
0.339

0.338

0.336

0.335

0.333

0.332

0.331

0.330

0.329

0.328

0.327

0.325

0.323

0.322

0.321

0.320

0.319

0.319

0.317

0.317

0.315

0.314

0.312

0.310

0.309

0.307

ndeLU. nv.sts. nsh./v.st sh./su
0.175

0.161

0.178

0.184

0.185

0.187

0.187

0.188
0.190
0.192
0.193
0.197

0.200

0.205

0.210

0.212

0.215

0.217

0.221

0.229
0.232
0.235
0.238
0.245
0.248
0.249

0.252

0.258

0.268
0.271
0.274
0.279
0.284
0.287
0.289
0.292

0.297

0.307

0.314

0.316

0.317

0.319

0.322

0.325

0.329

0.333

0.339

0.348

0.352

0.358

0.362

0.365

0.825

0.839
0.822

0.816
0.815

0.813
0.813
0.812

0.810

0.808
0.807

0.803
0.800

0.795
0.790
0.788
0.785
0.783

0.779
0.771
0.768
0.765
0.762
0.755
0.752
0.751
0.748
0.742
0.732
0.729
0.726
0.721
0.716
0.713
0.711
0.708
0.703
0.693

0.686
0.684
0.683
0.681
0.678
0.675
0.671
0.667
0.661
0.652

0.648
0.642
0.638
0.635

0.432

0.426

0.434

0.435

0.436

0.436
0.436

0.436
0.436
0.438

0.437
0.440
0.440

0.443

0.444

0.444

0.445

0.445

0.447

0.449

0.450

0.450

0.451

0.453

0.454

0.453

0.453

0.456

0.459

0.459

0.459

0.461
0.463
0.463

0.463
0.463
0.465
0.469
0.471
0.470
0.470
0.471
0.471
0.472
0.473
0.474
0.476
0.481
0.481
0.484
0.484
0.484

0.987
0.988
0.987
0.982
0.982
0.980
0.980
0.979
0.978
0.979
0.976
0.977
0.973
0.973
0.970
0.968
0.966
0.964

0.963
0.958
0.956
0.953

0.950
0.947

0.943
0.941

0.937
0.936
0.929
0.926

0.922

0.919
0.916
0.913

0.911

0.907

0.905
0.899
0.894

0.890
0.888
0.886
0.883
0.882
0.878
0.876
0.871
0.867
0.862
0.858
0.854
0.850

eu/su sh/mpp v.sts/mpp v.stn
24.6

24.2

23.9

23.4

23.1

22.7

22.4

22.1

21.8

21.5

21.2

21.0

20.6

20.3

20.1

19.8

19.5

19.2

19.0

18.7
18.4

18.1
17.9
17.6
17.3
17.1
16.9
16.7

16.4

16.2

15.9

15.7

15.5

15.3

15.2

14.9

14.7

14.5

14.3

14.1

13.9

13.8

13.6

13.5

13.3

13.1

12.9
12.8

12.6

12.4

12.3
12.1

0.182

0.182

0.182

0.181

0.181

0.180

0.180

0.180

0.180

0.180

0.180

0.180

0.179
0.179
0.178
0.178
0.178
0.177
0.177
0.176
0.176
0.175
0.175
0.174
0.174
0.173
0.172
0.172
0.171

0.170
0.170
0.169
0.169
0.168
0.168
0.167

0.167

0.165

0.165
0.164
0.163
0.163
0.163
0.162

0.162

0.161
0.160
0.160
0.159

0.158

0.157

0.156

0.420

0.427

0.418

0.415

0.415

0.414

0.414

0.413

0.412

0.411

0.410

0.409

0.407

0.404
0.402

0.401
0.400

0.398
0.396

0.392
0.391

0.389

0.388
0.384
0.383
0.382
0.380

0.378
0.373
0.371
0.369
0.367

0.364

0.363
0.362
0.360
0.358

0.353

0.349

0.348
0.347

0.346
0.345
0.344

0.341
0.340
0.336
0.332
0.330
0.327

0.324
0.323

0.007

0.024

0.027

0.025

0.011

0.013

0.008

0.006

0.012

0.029

0.033

0.028

0.033

0.036

0.034

0.028

0.041

0.042

0.046
0.037
0.032
0.038
0.028

0.031

0.023

0.031

0.032

0.036

0.045

0.043

0.053

0.049

0.042

0.055

0.050

0.062

0.065
0.065
0.060
0.054

0.074
0.089
0.089
0.086
0.085
0.070
0.068
0.073
0.073
0.078
0.086
0.074



shr.stn
21.175
21.354

21.527

21.702
21.881
22.055

22.234
22.408
22.589
22.762
22.943
23.121

23.298
23.478
23.652

23.833
24.008
24.074
24.338
24.600
24.864

25.133
25.395
25.659
25.921

26.185
26.452

26.718
26.979
27.239
27.502

27.769
28.033

28.302

28.565

28.829
29.090
29.356
29.626
29.890
30.156

30.421
30.682

30.943
31.207
31.479
31.747
32.014

32.283
32.554

32.819
33.089

sh.sts.

0.306
0.305
0.304
0.303

0.302
0.300

0.299
0.298
0.297
0.296
0.293
0.291
0.290
0.288
0.287
0.286
0.285
0.285
0.283
0.281

0.278
0.276
0.274
0.272
0.270
0.267
0.265
0.263
0.262
0.260
0.258

0.255
0.253
0.250
0.248
0.247
0.245

0.242
0.240
0.238
0.236
0.234
0.232
0.231
0.229
0.226

0.224

0.222
0.219
0.218
0.215
0.213

nde LU.
0.367
0.369
0.372
0.379
0.385
0.388
0.391
0.392
0.395
0.403

0.411
0.417
0.421
0.424

0.427
0.428
0.431

0.433
0.438

0.443

0.450

0.454
0.463
0.467
0.474
0.478
0.487
0.489
0.490
0.494
0.499
0.512

0.515

0.525
0.526

0.529

0.534
0.543

0.547
0.550
0.556

0.561

0.562
0.565

0.574
0.580
0.584
0.591

0.594
0.598
0.603
0.609

nv. sts.

0.633
0.631
0.628
0.621

0.615
0.612

0.609
0.608
0.605
0.597
0.589
0.583
0.579
0.576
0.573
0.572
0.569
0.567
0.562

0.557
0.550

0.546
0.537
0.533
0.526
0.522

0.513

0.511

0.510

0.506

0.501
0.488
0.485
0.475
0.474
0.471
0.466

0.457
0.453
0.450
0.444
0.439

0.438

0.435

0.426
0.420
0.416

0.409
0.406
0.402
0.397
0.391

nsh./v.st

0.484
0.484
0.485
0.488
0.490
0.490
0.491
0.490

0.490
0.495
0.498
0.500
0.500
0.500
0.500
0.500
0.501
0.502
0.503

0.503
0.506

0.506
0.510
0.510
0.513
0.512
0.517
0.515
0.514
0.514
0.516
0.523
0.522

0.527
0.524

0.524
0.527
0.530
0.529
0.529
0.532
0.533
0.531
0.531

0.537
0.537
0.537
0.543
0.540
0.542
0.542
0.545

sh./su

0.848
0.844

0.842
0.838

0.835
0.830
0.827
0.824

0.821
0.818
0.811
0.806
0.801
0.797
0.793
0.791
0.789
0.788
0.782
0.776
0.770
0.764
0.758
0.753
0.746
0.740
0.733
0.728
0.724
0.720
0.715
0.706
0.699
0.693
0.687
0.683
0.678
0.670
0.663

0.659

0.654

0.647
0.643
0.639
0.632
0.624
0.619
0.613

0.606
0.602
0.596
0.590

eu/su
12.0

11.8

11.7
11.5
11.4
11.2

11.1
11.0
10.9
10.7
10.6
10.4
10.3
10.2
10.0
9.9

9.8

9.8

9.6

9.4

9.3

9.1

8.9

8.8

8.6

8.4

8.3

8.1

8.0

7.9

7.8

7.6

7.5

7.3

7.2

7.1

7.0

6.8

6.7
6.6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.5
5.4

5.3

sh/mpp
0.156
0.155

0.155

0.154
0.154

0.153

0.152
0.152
0.151

0.150
0.149

0.148

0.147
0.147
0.146

0.146

0.145

0.145

0.144

0.143

0.142

0.141

0.139

0.138
0.137
0.136
0.135

0.134
0.133

0.132
0.132
0.130
0.129
0.127

0.126

0.126

0.125

0.123

0.122

0.121
0.120
0.119

0.118
0.118

0.116
0.115

0.114

0.113
0.112

0.111

0.110

0.108

v.sts/I

0.32

0.32

0.31

0.31

0.31

0.31

0.31

0.3(
0.3(
0.3(
0.3(
0.21
0.21

0.21

0.21

0.21

0.21

0.21
0.21
0.21
0.21

0.21

0.21

0.21

0.20

0.21

0.29

0.20

0.2!
0.2!
0.2!
0.2V
0.2
0.2A
0.24
0.24
0.2:

0.2!
0.22

0.22
0.22
0.22

0.22
0.22
0.21
0.21
0.2'
0.2'
0.2(
0.2(
0.2(
0.2(1
0.11

v.stn
0.092
0.104
0.083
0.098

0.083
0.084
0.090
0.099

0.108
0.111
0.093
0.079
0.091
0.085
0.100
0.106
0.105
0.123
0.119
0.098
0.118
0.124
0.118
0.100

0.097
0.093
0.119
0.114

0.104
0.124
0.132
0.123
0.133

0.148

0.149

0.134

0.131
0.121
0.144

0.140
0.160
0.159
0.142
0.159
0.170
0.167

0.171
0.178
0.158

0.153

0.148
0.153

281
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shr.stn sh.sts. ndetU. nv.sts. nsh./v.st sh./su

33.355

33.622

33.884

34.152

34.418

34.689

34.953

35.217

35.481

35.748

36.016

36.288

36.560

36.832

37.098

37.365

37.634

37.907

38.175

38.439

38.703

38.972

39.246

39.512

39.782

40.057

40.337

40.602

40.868

41.140

41.419

41.697

41.966

0.211

0.210

0.208

0.205

0.204

0.202

0.201

0.200

0.198

0.196

0.194

0.192

0.189

0.187

0.185

0.183

0.181

0.179
0.177
0.176
0.174
0.172
0.169

0.167

0.165

0.163

0.160

0.159

0.157

0.155

0.152

0.150

0.148

0.612

0.615

0.621

0.626

0.628

0.632
0.634
0.634
0.639
0.646
0.649
0.651

0.662
0.665
0.668
0.669
0.675
0.677
0.678
0.680
0.683
0.689
0.694
0.696
0.701
0.709
0.711
0.712
0.716
0.724
0.730
0.734
0.734

0.388

0.385

0.379
0.374
0.372
0.368
0.366
0.366
0.361

0.354

0.351

0.349

0.338

0.335

0.332

0.331

0.325

0.323

0.322

0.320

0.317

0.311

0.306
0.304
0.299
0.291
0.289
0.288
0.284
0.276
0.270
0.266
0.266

0.545

0.545

0.548

0.550

0.547

0.549

0.549

0.546

0.549

0.554

0.552

0.550

0.560

0.558

0.557

0.553

0.555

0.553

0.550

0.549

0.549

0.552

0.551

0.549

0.553

0.558

0.555

0.552

0.552

0.561

0.563

0.564

0.557

0.585

0.581

0.575
0.568
0.563
0.559

0.555

0.553

0.548

0.543

0.536

0.531

0.524

0.517

0.511

0.505

0.500

0.494

0.489

0.486

0.481

0.475

0.467

0.462

0.457

0.450

0.444

0.439

0.434

0.429

0.421

0.415

0.410

eu/su sh/mpp

5.2 0.108

5.2 0.107
5.1 0.106
5.0 0.105
4.9 0.104
4.8 0.103
4.7 0.102
4.7 0.102
4.6 0.101
4.5 0.100
4.4 0.099
4.4 0.098

4.3 0.096
4.2 0.095

4.1 0.094

4.0 0.093
4.0 0.092

3.9 0.091
3.8 0.090

3.8 0.089

3.7 0.089

3.6 0.087
3.6 0.086
3.5 0.085
3.4 0.084
3.3 0.083
3.3 0.082
3.2 0.081
3.2 0.080

3.1 0.079
3.0 0.077
3.0 0.076
2.9 0.075

v.sts/mpp

0.197

0.196

0.193

0.190

0.189

0.187

0.186

0.186

0.184

0.180

0.179
0.178
0.172
0.171
0.169

0.168
0.166
0.164
0.164
0.163

0.161

0.158

0.156

0.155

0.152

0.148

0.147

0.146

0.145

0.141

0.138

0.135

0.135

v.stn

0.143

0.135

0.150

0.148

0.143

0.161

0.168

0.153

0.147

0.145

0.143

0.150

0.150

0.140

0.154

0.142

0.156

0.165

0.156

0.160

0.175

0.176
0.184
0.177
0.184
0.174
0.181

0.182

0.180

0.168

0.177

0.168

0.164
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 44

REDUCTION DATA

UNITS: kg,cm,mVoLts,Volts

1. Test Name : DSS 44

2. Date : 6/12/89

3. OCR : 7.892

4. Ver. Consolidation Stress (ksc) :1.447

5. Pre-Shear Height (cm) :1.7024

6. Horizontal Shear Load Cell:

Zero: 0.000092

CF: 7065.518

8. Vertical Stress Load Cell:

Zero: 0.2099

CF: -1188.86

shr.stn

0.000

0.004

0.011

0.039

0.091

0.174

0.287

0.420

0.563

0.717
0.870
1.030
1.189
1.349

1.519

1.681

1.851

1.931

2.082

2.265

2.411

2.577
2.740
2.910
3.074
3.245

3.414

3.581

3.754
3.924
4.097

sh.sts.

0.000

0.003

0.020

0.071

0.138

0.204

0.257

0.302

0.339

0.367

0.394

0.414

0.441

0.460

0.480

0.483

0.496

0.526

0.554

0.572

0.585

0.602
0.614
0.629
0.640
0.655

0.665
0.675
0.686
0.696
0.706

ndetU.

0.000

0.006

-0.009

-0.002

-0.026
-0.051
-0.068
-0.105
-0.137

-0.157

-0.178

-0.202

-0.227

-0.246

-0.271
-0.164
-0.194
-0.438
-0.367
-0.367
-0.397

-0.397

-0.433

-0.436

-0.453

-0.495

-0.483

-0.506

-0.508

-0.546

-0.537

nv.sts. nsh./v.st

1.000

0.994

1.009

1.002

1.026

1.051

1.068

1.105

1.137
1.157
1.178
1.202

1.227

1.246
1.271
1.164
1.194
1.438

1.367

1.367

1.397

1.397

1.433

1.436

1.453

1.495
1.483
1.506
1.508

1.546

1.537

0.000

0.003

0.020

0.071
0.134
0.194
0.241

0.273

0.298

0.317

0.335

0.345

0.359

0.369

0.377

0.415

0.415

0.366

0.405

0.418

0.419

0.431

0.429

0.438

0.441

0.438

0.449

0.448

0.455

0.450

0.459

7. Horizontal Displacement Transducer:

Zero: -0.1127

CF: 2.2815

9. Vertical Height Transducer:

Zero: 0.08546

CF: 2.0655

sh./su

0.000

0.003

0.023

0.080

0.156

0.232

0.292

0.343

0.384

0.416

0.448

0.470

0.501

0.522

0.544

0.548

0.563

0.597

0.629

0.649
0.664
0.683
0.697

0.714
0.727
0.743
0.755
0.766
0.778
0.790
0.801

eu/su

9999.0
679.7
846.5
678.4
538.1

411.6

312.5

249.8
208.6

177.2
156.7

138.9

128.0
117.6
108.9
99.0

92.3

93.8

91.6

86.9

83.5

80.3

77.1

74.4

71.6
69.4

67.0
64.8
62.8

60.9

59.2

sh/mpp
0.000

0.000

0.003

0.009

0.017

0.026

0.033

0.038
0.043
0.046

0.050
0.052

0.056

0.058

0.061

0.061

0.063

0.067

0.070

0.072
0.074
0.076
0.078
0.080

0.081

0.083

0.084
0.086
0.087
0.088
0.089

v.sts/mpp

0.127

0.126

0.128

0.127

0.130

0.133

0.135

0.140

0.144

0.147
0.149

0.152
0.156
0.158

0.161

0.147

0.151

0.182

0.173
0.173
0.177
0.177
0.182

0.182

0.184
0.189

0.188
0.191
0.191

0.196

0.195

v.stn

0.000

0.001

-0.024

-0.038

-0.050

-0.053

-0.043

-0.032

-0.071

-0.082

-0.056

-0.107

-0.110

-0.085

-0.123

-0.103

-0.161

-0.116

-0.080

-0.042

-0.085

-0.083

-0.056

-0.044

-0.069

-0.088

-0.108

-0.115

-0.109
-0.078
-0.079
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shr.stn sh.sts.

4.272
4.451

4.628

4.806

4.982

5.158

5.336

5.509

5.689
5.863
6.036
6.207
6.382

6.553

6.732

6.914

7.085

7.263

7.438

7.619
7.789
7.968
8.138
8.317

8.495

8.662
8.846
9.019
9.201

9.382

9.571
9.756
9.937
10.115

10.288
10.473
10.646
10.832
11.002

11.189

11.364

11.539

11.715

11.890

12.070

12.236
12.419

12.594

12.775

12.954

13.131

13.315

0.714
0.724
0.731
0.742
0.748
0.755
0.759
0.765
0.771
0.775
0.783

0.786
0.793
0.798
0.803

0.808

0.813

0.818

0.821

0.827

0.829

0.830
0.837
0.836
0.843
0.845
0.851

0.852

0.856

0.860
0.861
0.865
0.864
0.866
0.867
0.869
0.870
0.872
0.871
0.871
0.875
0.872
0.875
0.876
0.879
0.877
0.879
0.879
0.878
0.880
0.879
0.881

nde(U. nv.sts. nsh./v.st sh./su

-0.563
-0.577
-0.582
-0.613

-0.619
-0.630
-0.624

-0.642
-0.640
-0.650

-0.677
-0.661
-0.695
-0.678
-0.710
-0.693

-0.726
-0.718
-0.735
-0.739
-0.729
-0.738
-0.750
-0.741
-0.771
-0.761
-0.786
-0.771
-0.781
-0.801
-0.789
-0.811

-0.785
-0.791
-0.816
-0.792
-0.821
-0.811
-0.801
-0.803
-0.829
-0.801
-0.803
-0.833
-0.810
-0.809
-0.810
-0.809
-0.810
-0.811
-0.815

-0.811

1.563
1.577
1.582
1.613

1.619
1.630

1.624

1.642
1.640
1.650

1.677

1.661
1.695

1.678

1.710

1.693
1.726
1.718
1.735
1.739
1.729
1.738
1.750
1.741
1.771
1.761
1.786
1.771
1.781
1.801

1.789

1.811

1.785
1.791
1.816
1.792
1.821

1.811

1.801

1.803
1.829
1.801

1.803

1.833
1.810

1.809

1.810
1.809
1.810
1.811

1.815

1.811

0.457
0.459
0.462
0.460
0.462
0.463
0.467
0.466
0.471
0.470
0.467
0.473
0.468
0.475
0.470
0.477
0.471
0.476
0.473
0.476
0.480
0.478
0.478
0.480
0.476
0.480
0.476
0.481

0.481

0.478
0.481
0.477
0.484
0.484
0.478
0.485

0.478
0.482
0.484
0.483
0.478
0.484
0.485
0.478
0.486
0.485

0.486
0.486
0.485

0.486
0.484
0.486

0.810

0.822
0.830

0.842
0.849
0.857
0.861
0.868
0.876
0.880
0.889
0.892
0.900

0.905

0.912

0.917

0.922
0.928

0.932
0.939
0.941
0.943
0.950
0.949
0.957

0.959
0.966
0.967
0.971
0.977
0.977
0.981

0.980
0.983
0.985
0.986
0.987
0.990
0.989

0.989

0.993
0.990
0.993
0.994
0.998
0.996
0.997
0.998
0.997
0.999
0.997
1.000

eu/su sh/mpp

57.4 0.090

55.9 0.092

54.3 0.093

53.0 0.094

51.6 0.095

50.2 0.096

48.8 0.096

47.7 0.097

46.5 0.098

45.4 0.098

44.5 0.099

43.4 0.100

42.6 0.100

41.8 0.101

40.9 0.102

40.1 0.102

39.3 0.103

38.6 0.104
37.9 0.104
37.2 0.105
36.5 0.105

35.8 0.105

35.3 0.106

34.5 0.106

34.0 0.107

33.4 0.107

33.0 0.108

32.4 0.108

31.9 0.108

31.5 0.109

30.8 0.109

30.4 0.110

29.8 0.109

29.4 0.110

28.9 0.110

28.4 0.110

28.0 0.110

27.6 0.111

27.2 0.110

26.7 0.110

26.4 0.111

25.9 0.111

25.6 0.111

25.3 0.111

25.0 0.111

24.6 0.111

24.3 0.111

23.9 0.111

23.6 0.111

23.3 0.111

22.9 0.111

22.7 0.112

v.sts/mpp

0.198

0.200

0.200

0.204

0.205

0.207

0.206

0.208

0.208

0.209

0.212

0.210

0.215

0.213

0.217

0.215

0.219

0.218

0.220

0.220

0.219

0.220

0.222

0.221

0.224

0.223

0.226

0.224

0.226

0.228

0.227

0.229

0.226

0.227

0.230

0.227

0.231

0.229

0.228

0.228

0.232

0.228

0.228

0.232

0.229

0.229

0.229

0.229

0.229

0.229

0.230

0.229

v.stn
-0.119

-0.104

-0.084

-0.052

-0.037

-0.057

-0.040

-0.048

-0.061

-0.063

-0.121

-0.132

-0.086

-0.100

-0.125

-0.102

-0.097

-0.093

-0.086

-0.058

-0.081

-0.112

-0.089

-0.138

-0.101

-0.082

-0.096

-0.074

-0.098

-0.082

-0.105

-0.074

-0.076

-0.103

-0.104

-0.092

-0.092

-0.094

-0.084
-0.087
-0.087
-0.093

-0.101

-0.099

-0.101

-0.104

-0.106

-0.107

-0.107

-0.107

-0.108

-0.108
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shr.stn sh.sts.

13.490

13.675

13.849

14.034

14.214

14.396
14.579
14.757
14.940
15.119

15.301

15.480

15.663

15.847

16.023

16.203

16.380
16.563
16.736
16.918

17.097

17.282

17.466

17.641

17.813

17.995

18.175

18.354

18.539

18.721

18.902

19.080

19.259

19.440

19.617

19.799

19.972

20.158

20.335

20.517

20.692

20.876

21.054

21.233

21.413

21.587

21.772

21.951

22.130

22.308

22.491

22.672

0.879
0.881
0.880
0.880
0.880
0.877
0.876
0.873
0.870
0.865
0.859
0.856

0.851

0.847
0.840
0.836
0.831
0.827

0.824

0.821

0.819

0.814

0.809

0.803

0.801

0.797
0.795
0.791
0.786
0.782
0.778
0.776
0.770
0.764
0.761
0.759
0.755
0.752
0.748
0.744
0.742
0.739
0.739
0.735
0.735
0.733
0.730
0.726
0.724
0.720
0.715
0.712

ndeLU.
-0.809
-0.810
-0.814
-0.811
-0.804
-0.800
-0.793
-0.787
-0.774
-0.753
-0.740
-0.736
-0.727
-0.710
-0.692
-0.679
-0.672
-0.662

-0.654

-0.646
-0.639
-0.614
-0.595
-0.588
-0.581

-0.577
-0.565
-0.547
-0.528

-0.524
-0.518
-0.508
-0.479
-0.467
-0.467
-0.461

-0.445
-0.434
-0.421
-0.419

-0.413

-0.411

-0.406
-0.403
-0.401
-0.397
-0.389
-0.373
-0.363
-0.344
-0.332

-0.327

nv.sts. nsh./v.st

1.809

1.810

1.814

1.811

1.804

1.800

1.793
1.787
1.774
1.753
1.740
1.736
1.727
1.710
1.692

1.679
1.672
1.662
1.654

1.646

1.639

1.614

1.595

1.588

1.581
1.577
1.565

1.547

1.528

1.524

1.518

1.508

1.479
1.467

1.467
1.461

1.445

1.434

1.421

1.419

1.413

1.411

1.406

1.403

1.401

1.397

1.389

1.373

1.363

1.344

1.332

1.327

0.486

0.487

0.485

0.486

0.488

0.487

0.489

0.489

0.491

0.494

0.493

0.493

0.493

0.495

0.497

0.498

0.497

0.497

0.498

0.499
0.499
0.504
0.507

0.506

0.507

0.506

0.508

0.511

0.514

0.513

0.513

0.515

0.521

0.521

0.519

0.520

0.523

0.524

0.526

0.524

0.525

0.524

0.525

0.524

0.525

0.524

0.526

0.529

0.531

0.536

0.537

0.537

sh./su

0.998
1.000
0.999
0.999
0.999
0.996
0.994
0.991
0.988
0.982
0.975
0.971
0.966
0.961
0.954

0.949

0.943

0.939

0.935

0.932

0.929

0.923

0.918

0.911

0.909

0.905

0.902

0.898

0.892
0.888
0.883
0.881
0.874
0.868
0.863
0.862
0.857
0.853

0.848
0.844
0.842
0.839
0.838
0.835
0.834
0.832
0.829

0.824

0.821

0.817

0.811

0.808

eu/su

22.3

22.1

21.8

21.5

21.2

20.9

20.6

20.3

20.0

19.6

19.2

19.0

18.6

18.3

18.0

17.7
17.4
17.1
16.9

16.6

16.4

16.2

15.9

15.6

15.4

15.2

15.0

14.8

14.5

14.3

14.1

14.0

13.7

13.5

13.3

13.2

13.0

12.8

12.6

12.4

12.3

12.2

12.0

11.9

11.8

11.7

11.5

11.4

11.2

11.1

10.9

10.8

sh/mpp

0.111

0.112

0.112

0.112

0.112

0.111

0.111

0.111

0.110

0.110

0.109

0.108

0.108

0.107

0.106

0.106

0.105

0.105

0.104

0.104

0.104

0.103

0.102

0.102

0.101

0.101

0.101

0.100

0.100

0.099

0.099

0.098

0.098

0.097

0.096

0.096

0.096

0.095

0.095

0.094

0.094

0.094

0.094

0.093

0.093

0.093

0.093

0.092

0.092

0.091

0.091

0.090

v.sts/mpp

0.229

0.229

0.230

0.229

0.229

0.228

0.227

0.226

0.225

0.222

0.221

0.220

0.219

0.217

0.214

0.213

0.212

0.211

0.210

0.209

0.208

0.204

0.202

0.201

0.200

0.200

0.198

0.196

0.194

0.193

0.192

0.191

0.187

0.186

0.186

0.185

0.183

0.182

0.180

0.180

0.179
0.179
0.178
0.178
0.177
0.177
0.176
0.174
0.173
0.170
0.169

0.168

v.stn

-0.107

-0.106

-0.106

-0.104

-0.104

-0.103

-0.102

-0.102

-0.100

-0.100

-0.105

-0.103

-0.101
-0.100
-0.099
-0.098
-0.099
-0.096

-0.094

-0.091

-0.087
-0.084
-0.087
-0.113

-0.113
-0.108

-0.110

-0.107

-0.109

-0.105

-0.105

-0.105

-0.105

-0.110

-0.108

-0.106

-0.106

-0.104

-0.107

-0.106

-0.107

-0.102

-0.098

-0.097

-0.090

-0.087

-0.085

-0.084

-0.082

-0.080

-0.084

-0.086
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shr.stn sh.sts.

22.847
23.028
23.205
23.382
23.564
23.747
23.925
24.099
24.280
24.457
24.641
24.815
25.002
25.177
25.356
25.533
25.713
25.897
26.072
26.252
26.431
26.612
26.788
26.968
27.147
27.326
27.507
27.683
27.867
28.042
28.227
28.399
28.581

28.761
28.935
29.116
29.293
29.478
29.654
29.839
30.017

30.200

30.381
30.556
30.733
30.914
31.098
31.274
31.456
31.634
31.816
31.995

0.708
0.706
0.703
0.701
0.697
0.692
0.690
0.687
0.686
0.682
0.679
0.676
0.673
0.671
0.667
0.665
0.660
0.658
0.654
0.653
0.651
0.647
0.644
0.640
0.638
0.632
0.631
0.627
0.626
0.622
0.616
0.613
0.609
0.608
0.603
0.600
0.596
0.595
0.593
0.591
0.588
0.582
0.579
0.575
0.573
0.569
0.565
0.561
0.559
0.556
0.552
0.550

ndetU.

-0.324
-0.319
-0.311
-0.304
-0.290
-0.279
-0.276
-0.274
-0.267
-0.260
-0.252
-0.246
-0.242
-0.232
-0.228
-0.216
-0.207
-0.202
-0.199
-0.195
-0.190
-0.181
-0.170
-0.163
-0.156
-0.149
-0.144
-0.142
-0.136
-0.122
-0.106
-0.103
-0.101
-0.096
-0.082
-0.072
-0.073
-0.070
-0.070
-0.062
-0.052
-0.037
-0.034
-0.027
-0.021
-0.013
-0.002
0.005
0.008
0.011
0.020
0.026

nv.sts. nsh./v.st sh./su
1.324
1.319
1.311
1.304
1.290
1.279
1.276
1.274
1.267
1.260
1.252
1.246
1.242
1.232
1.228
1.216
1.207
1.202
1.199
1.195
1.190
1.181
1.170
1.163
1.156
1.149
1.144
1.142
1.136
1.122
1.106
1.103
1.101
1.096
1.082
1.072
1.073
1.070
1.070
1.062
1.052
1.037
1.034
1.027
1.021
1.013
1.002
0.995
0.992
0.989
0.980
0.974

0.535
0.535
0.536
0.537
0.540
0.541
0.541
0.539
0.541

0.542
0.542
0.543
0.542
0.544
0.543
0.547
0.547
0.547
0.546
0.546
0.547
0.548
0.550
0.550
0.551
0.550
0.552
0.549
0.551
0.554
0.557
0.555
0.554
0.555
0.557
0.559
0.556
0.556
0.554
0.556
0.559
0.561
0.560
0.560
0.561
0.561
0.564
0.564
0.563
0.563
0.564
0.565

0.804
0.802
0.798
0.795
0.791
0.786
0.783
0.780
0.778
0.774
0.771
0.768
0.764
0.761
0.757
0.754
0.749
0.747
0.743
0.741
0.739
0.735
0.731
0.726
0.724
0.718
0.716
0.712
0.710
0.706
0.699
0.695
0.692
0.690
0.684
0.681
0.677
0.675
0.673
0.670
0.668
0.660
0.658
0.653
0.650
0.645
0.642
0.637
0.634
0.631
0.627
0.625

eu/su sh/mpp v.sts/mpp

10.6 0.090 0.168

10.5 0.089 0.167

10.4 0.089 0.166

10.3 0.089 0.165

10.2 0.088 0.163

10.0 0.088 0.162

9.9 0.087 0.162

9.8 0.087 0.161

9.7 0.087 0.161

9.6 0.086 0.160

9.5 0.086 0.159

9.4 0.086 0.158

9.3 0.085 0.157

9.2 0.085 0.156

9.0 0.085 0.156

8.9 0.084 0.154

8.8 0.084 0.153

8.7 0.083 0.152

8.6 0.083 0.152

8.5 0.083 0.151

8.5 0.082 0.151

8.4 0.082 0.150

8.3 0.082 0.148

8.2 0.081 0.147

8.1 0.081 0.146

8.0 0.080 0.146

7.9 0.080 0.145

7.8 0.079 0.145

7.7 0.079 0.144
7.6 0.079 0.142
7.5 0.078 0.140
7.4 0.078 0.140
7.3 0.077 0.139
7.3 0.077 0.139

7.2 0.076 0.137

7.1 0.076 0.136

7.0 0.076 0.136
6.9 0.075 0.136
6.9 0.075 0.136
6.8 0.075 0.135

6.7 0.075 0.133

6.6 0.074 0.131

6.6 0.073 0.131

6.5 0.073 0.130

6.4 0.073 0.129

6.3 0.072 0.128

6.3 0.072 0.127

6.2 0.071 0.126

6.1 0.071 0.126

6.1 0.070 0.125

6.0 0.070 0.124

5.9 0.070 0.123

v.stn

-0.083
-0.081
-0.082
-0.081
-0.079
-0.079
-0.085
-0.079
-0.076
-0.073
-0.076
-0.074
-0.072
-0.074
-0.072
-0.073
-0.068
-0.071
-0.067
-0.062
-0.062
-0.062
-0.057
-0.057
-0.055
-0.053
-0.055
-0.050
-0.047
-0.043
-0.042
-0.043
-0.048
-0.050
-0.052
-0.046
-0.047
-0.042
-0.043
-0.039
-0.035
-0.039
-0.035
-0.036
-0.039
-0.039
-0.034
-0.037
-0.032
-0.030
-0.032
-0.032
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shr.stn sh.sts. ndelU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn

32.174 0.546 0.035 0.965 0.566 0.620 5.8 0.069 0.122 -0.027

32.353 0.543 0.041 0.959 0.567 0.617 5.8 0.069 0.122 -0.024

32.530 0.539 0.047 0.953 0.566 0.612 5.7 0.068 0.121 -0.022

32.715 0.537 0.054 0.946 0.567 0.609 5.6 0.068 0.120 -0.025

32.891 0.534 0.058 0.942 0.567 0.606 5.6 0.068 0.119 -0.023

33.077 0.529 0.071 0.929 0.570 0.601 5.5 0.067 0.118 -0.025

33.247 0.527 0.072 0.928 0.567 0.598 5.5 0.067 0.118 -0.023

33.432 0.524 0.076 0.924 0.567 0.594 5.4 0.066 0.117 -0.018

33.607 0.520 0.083 0.917 0.567 0.591 5.3 0.066 0.116 -0.018
33.789 0.516 0.095 0.905 0.570 0.586 5.3 0.065 0.115 -0.016
33.968 0.514 0.097 0.903 0.569 0.583 5.2 0.065 0.114 -0.016
34.142 0.511 0.098 0.902 0.567 0.580 5.2 0.065 0.114 -0.019
34.327 0.510 0.102 0.898 0.567 0.578 5.1 0.065 0.114 -0.012

34.503 0.507 0.108 0.892 0.568 0.575 5.1 0.064 0.113 -0.007
34.689 0.503 0.119 0.881 0.571 0.571 5.0 0.064 0.112 -0.009
34.864 0.500 0.126 0.874 0.573 0.568 4.9 0.063 0.111 -0.003
35.047 0.497 0.128 0.872 0.570 0.564 4.9 0.063 0.110 -0.003
35.228 0.495 0.130 0.870 0.570 0.562 4.8 0.063 0.110 -0.001
35.404 0.493 0.134 0.866 0.569 0.559 4.8 0.062 0.110 0.005

35.583 0.491 0.141 0.859 0.572 0.557 4.8 0.062 0.109 0.008

35.753 0.488 0.150 0.850 0.575 0.554 4.7 0.062 0.108 0.011

35.932 0.486 0.159 0.841 0.578 0.552 4.7 0.062 0.107 0.015

36.092 0.483 0.173 0.827 0.584 0.548 4.6 0.061 0.105 0.024
36.265 0.479 0.196 0.804 0.596 0.544 4.6 0.061 0.102 0.030
36.434 0.473 0.214 0.786 0.602 0.537 4.5 0.060 0.100 0.025
36.624 0.468 0.221 0.779 0.601 0.531 4.4 0.059 0.099 0.023
36.803 0.463 0.235 0.765 0.606 0.526 4.3 0.059 0.097 0.022

36.981 0.459 0.244 0.756 0.607 0.521 4.3 0.058 0.096 0.027
37.162 0.456 0.253 0.747 0.610 0.517 4.2 0.058 0.095 0.024

37.348 0.450 0.264 0.736 0.612 0.511 4.2 0.057 0.093 0.027

37.530 0.445 0.270 0.730 0.610 0.505 4.1 0.056 0.092 0.024

37.714 0.442 0.275 0.725 0.609 0.502 4.0 0.056 0.092 0.022

37.897 0.439 0.274 0.726 0.606 0.499 4.0 0.056 0.092 0.023

38.074 0.437 0.280 0.720 0.606 0.495 4.0 0.055 0.091 0.027

38.261 0.433 0.284 0.716 0.605 0.492 3.9 0.055 0.091 0.025

38.441 0.430 0.291 0.709 0.606 0.488 3.9 0.055 0.090 0.026

38.623 0.427 0.297 0.703 0.607 0.484 3.8 0.054 0.089 0.028

38.810 0.424 0.300 0.700 0.605 0.481 3.8 0.054 0.089 0.034
38.986 0.421 0.306 0.694 0.606 0.478 3.7 0.053 0.088 0.038
39.168 0.418 0.311 0.689 0.608 0.475 3.7 0.053 0.087 0.044
39.346 0.413 0.326 0.674 0.613 0.469 3.6 0.052 0.085 0.044

39.535 0.406 0.346 0.654 0.621 0.461 3.5 0.051 0.083 0.047

39.723 0.399 0.363 0.637 0.626 0.452 3.5 0.050 0.081 0.043
39.906 0.393 0.370 0.630 0.625 0.447 3.4 0.050 0.080 0.037
40.088 0.392 0.370 0.630 0.622 0.445 3.4 0.050 0.080 0.041
40.268 0.390 0.368 0.632 0.617 0.443 3.3 0.049 0.080 0.037
40.452 0.388 0.371 0.629 0.616 0.440 3.3 0.049 0.080 0.039

40.624 0.386 0.375 0.625 0.617 0.438 3.3 0.049 0.079 0.040
40.806 0.383 0.380 0.620 0.617 0.434 3.2 0.048 0.079 0.050
40.985 0.380 0.385 0.615 0.619 0.432 3.2 0.048 0.078 0.049
41.176 0.377 0.395 0.605 0.623 0.427 3.2 0.048 0.077 0.056
41.364 0.373 0.403 0.597 0.624 0.423 3.1 0.047 0.076 0.060



shr.stn
41.553

41.737
41.915

42.099
42.280

sh.sts.

0.369

0.366
0.363
0.359
0.356

ndeLU.

0.408
0.416
0.420
0.430
0.437

nv.sts.

0.592
0.584
0.580
0.570
0.563

nsh./v.st

0.623

0.626

0.626

0.630

0.631

sh./su

0.419
0.415
0.412
0.408
0.404

eu/su

3.1

3.0

3.0

3.0

2.9

sh/mpp

0.047
0.046
0.046
0.045
0.045

v.sts/mpp

0.075
0.074
0.073
0.072
0.071

v.stn
0.061
0.062
0.066

0.065
0.068
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST
MIT GEOTECHNICAL LAB

FILE NAME : DSS 48

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

Test Name : DSS 48

Date 6/20/89

OCR : 14.962

Ver. Consolidation Stress (

Pre-Shear Height (cm)

Horizontal Shear Load Cell:

Zero: 0.0001

CF: 7065.518

8. Vertical Stress Load Cell:

Zero: 0.2122

CF: -1188.86

shr.stn

0.000

0.007

0.020

0.078
0.177
0.317
0.461
0.619
0.776

0.936

1.099

1.265

1.429

1.597

1.770

1.930

2.098

2.268

2.438

2.608

2.779

2.944

3.107

3.280

3.450

3.624

3.795

3.968

4.142

4.310

4.486

sh.sts.

0.002

0.013

0.060

0.154

0.239

0.304

0.350

0.386

0.416

0.444

0.469

0.490

0.515

0.535

0.556

0.575

0.591

0.609

0.623

0.642

0.658

0.673
0.691

0.705

0.721
0.736
0.746
0.760
0.774
0.787
0.797

ndelU.

0.004

-0.016

-0.005

-0.038
-0.047
-0.103
-0.118

-0.165

-0.180

-0.222

-0.246

-0.255

-0.296

-0.303

-0.352

-0.347
-0.348
-0.391
-0.392

-0.456

-0.455

-0.467
-0.526

-0.510

-0.546

-0.585

-0.566

-0.587

-0.626

-0.644

-0.630

ksc) :0.772

:1.706

7. Horizontal Displacement Transducer:
Zero: -0.1134

CF: 2.2815

9. Vertical Height Transducer:

Zero: 0.07545

CF: 2.0655

nv.sts.

0.996

1.016

1.005

1.038
1.047
1.103
1.118
1.165

1.180

1.222

1.246

1.255

1.296

1.303

1.352

1.347

1.348

1.391

1.392

1.456

1.455

1.467
1.526

1.510

1.546
1.585
1.566
1.587

1.626

1.644

1.630

nsh./v.st

0.002

0.013

0.060

0.149

0.229

0.275

0.313

0.331

0.353

0.363

0.377

0.391

0.397

0.411

0.411

0.427

0.439

0.438

0.448

0.441

0.452

0.459
0.453

0.467
0.466
0.464
0.476
0.479
0.476
0.479
0.489

sh./su
0.002

0.012
0.054

0.139

0.216

0.274

0.316

0.348

0.376
0.401
0.424
0.443
0.465

0.483

0.502

0.519

0.534

0.550

0.562

0.579

0.594

0.608
0.624

0.637

0.651

0.665
0.674
0.686
0.699
0.711
0.720

eu/su
8907.6

664.4
877.4
554.1

375.8
264.6
208.4

171.2
147.3
130.1

117.0

106.2

98.6

91.7

85.9

81.5

77.0

73.4

69.8
67.2
64.7

62.5

60.7

58.7
57.0
55.4

53.6

52.3
51.0

49.8
48.5

sh/mpp

0.000

0.001
0.004

0.011

0.016

0.021

0.024

0.026

0.028

0.030

0.032

0.033

0.035

0.036

0.038

0.039

0.040

0.041
0.042

0.044

0.045
0.046
0.047

0.048

0.049

0.050

0.051

0.052

0.053

0.054

0.054

v.sts/mpp

0.068

0.069

0.068
0.071
0.071
0.075
0.076
0.079
0.080

0.083

0.085

0.085

0.088

0.089

0.092

0.092

0.092

0.095

0.095

0.099

0.099

0.100

0.104

0.103

0.105

0.108

0.107

0.108

0.111

0.112

0.111

v.stn

0.007

0.006

0.008

-0.002

-0.010

-0.007

-0.012
-0.015
-0.019
-0.022

-0.021
-0.030

-0.032

-0.034

-0.032
-0.036
-0.044
-0.048
-0.054

-0.058

-0.058

-0.066
-0.070
-0.066
-0.077
-0.080

-0.086

-0.086

-0.095

-0.090

-0.099



shr.stn sh.sts.

4.654

4.834

5.002

5.180

5.350

5.517

5.701

5.874

6.050

6.219
6.395
6.573
6.745
6.917
7.095

7.282

7.462

7.650

7.823

8.004

8.183

8.359

8.537

8.715

8.898

9.072

9.255

9.430

9.612
9.789
9.967
10.142

10.323

10.496

10.668

10.848

11.021

11.201

11.374

11.554

11.736

11.905

12.094

12.254

12.436

12.611

12.810

12.962

13.158

13.310

13.505

13.696

0.813

0.822

0.832

0.845

0.854

0.864
0.877
0.885
0.896

0.905

0.916

0.925

0.932

0.945

0.951

0.959

0.967
0.974
0.981
0.987
0.997
1.000

1.008

1.011

1.020

1.025

1.033

1.038

1.042

1.046

1.051

1.057

1.056

1.064
1.065
1.071
1.078
1.078
1.083
1.084
1.091

1.086

1.098

1.098

1.100

1.101

1.100
1.108
1.106
1.103
1.100

1.098

ndeLU. nv.sts.

-0.709 1.709

-0.674 1.674

-0.703 1.703

-0.740 1.740

-0.740 1.740

-0.786 1.786

-0.786 1.786

-0.824 1.824

-0.825 1.825

-0.868 1.868

-0.865 1.865

-0.867 1.867

-0.878 1.878

-0.932 1.932

-0.924' 1.924

-0.923 1.923

-0.972 1.972

-0.980 1.980

-0.974 1.974

-1.005 2.005

-1.021 2.021

-1.019 2.019

-1.019 2.019

-1.043 2.043

-1.066 2.066

-1.108 2.108

-1.126 2.126

-1.130 2.130

-1.125 2.125

-1.144 2.144

-1.159 2.159

-1.155 2.155

-1.176 2.176

-1.185 2.185

-1.185 2.185

-1.220 2.220

-1.243 2.243

-1.233 2.233

-1.232 2.232

-1.241 2.241

-1.245 2.245

-1.220 2.220

-1.279 2.279

-1.256 2.256

-1.253 2.253

-1.253 2.253

-1.255 2.255

-1.325 2.325

-1.261 2.261

-1.242 2.242

-1.247 2.247

-1.250 2.250
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nsh./v.st

0.476
0.491
0.488
0.485

0.491

0.484

0.491

0.485
0.491
0.485
0.491

0.496
0.496
0.489
0.494
0.498
0.491
0.492

0.497

0.492

0.493

0.496
0.499
0.495
0.493

0.486

0.486

0.487

0.490

0.488
0.487
0.490
0.485

0.487

0.488

0.483

0.481

0.483

0.485
0.484
0.486
0.489
0.482
0.487
0.488
0.488
0.488
0.476
0.489

0.492

0.489

0.488

sh./su
0.734
0.742
0.751
0.763
0.771
0.780
0.792
0.799
0.809

0.817

0.827

0.835

0.841

0.853

0.859

0.866
0.874
0.880
0.886
0.891

0.900

0.903

0.910

0.913

0.921

0.925

0.933

0.937

0.940

0.945

0.949

0.954

0.953
0.960
0.962
0.967

0.973
0.974
0.978
0.979
0.985

0.981

0.991
0.992
0.993
0.994
0.994
1.000

0.999
0.996
0.993
0.992

eu/su

47.6

46.4

45.3

44.5

43.5

42.7

41.9

41.1

40.3

39.7

39.0

38.4

37.6

37.2

36.5

35.9

35.3

34.7

34.2

33.6

33.2

32.6

32.2

31.6

31.2

30.8
30.4
30.0
29.5

29.1

28.7

28.4
27.8
27.6
27.2
26.9

26.6

26.2

25.9

25.5

25.3

24.8

24.7

24.4

24.1

23.8

23.4

23.3

22.9

22.6

22.2

21.8

sh/mpp

0.055

0.056

0.057
0.057
0.058

0.059

0.060

0.060

0.061

0.062

0.062

0.063

0.063

0.064
0.065

0.065

0.066
0.066

0.067

0.067

0.068

0.068
0.069

0.069
0.069

0.070
0.070
0.071
0.071
0.071
0.072
0.072

0.072
0.072
0.072

0.073
0.073
0.073
0.074
0.074
0.074
0.074
0.075
0.075
0.075
0.075
0.075
0.075

0.075
0.075
0.075
0.075

v.sts/mpp

0.116

0.114

0.116

0.118

0.118

0.122

0.122

0.124

0.124

0.127

0.127

0.127

0.128

0.131

0.131

0.131

0.134

0.135

0.134

0.136

0.138

0.137

0.137

0.139

0.141

0.143

0.145

0.145

0.145

0.146

0.147

0.147

0.148

0.149

0.149

0.151

0.153

0.152

0.152

0.153

0.153

0.151

0.155

0.154

0.153

0.153

0.153

0.158

0.154

0.153

0.153

0.153

v.stn

-0.106

-0.109

-0.117

-0.113

-0.120

-0.120

-0.123

-0.128

-0.132

-0.131

-0.128

-0.132

-0.142

-0.138

-0.144

-0.143

-0.154

-0.150

-0.158

-0.156

-0.161

-0.158

-0.161

-0.165

-0.167

-0.161

-0.159

-0.164
-0.168
-0.171
-0.174
-0.171
-0.172

-0.173
-0.175
-0.170
-0.169

-0.168
-0.169
-0.172
-0.165
-0.176
-0.163
-0.165

-0.165

-0.164

-0.163

-0.158

-0.157

-0.164

-0.166

-0.165



shr.stn

13.846
14.034

14.222

14.417

14.583
14.771
14.925

15.110
15.309

15.501

15.676
15.838
16.031
16.214
16.411

16.586
16.768
16.948

17.135
17.302
17.469
17.661
17.849
18.026

18.208
18.386
18.565
18.742
18.923

19.100

19.275
19.452

19.626

19.801

19.976
20.156
20.330
20.511

20.685
20.863
21.034

21.214

21.394
21.571
21.756
21.930

22.111

22.291
22.469
22.650
22.823
23.001

sh.sts.

1.094

1.088
1.083
1.078
1.074
1.068
1.063
1.057
1.046

1.034

1.027
1.020

1.009
1.003
0.994
0.990
0.986
0.980
0.975
0.970
0.967
0.963
0.958
0.951
0.946

0.941
0.936
0.933
0.929
0.927
0.925
0.922
0.920
0.919
0.918
0.916
0.914

0.912
0.908
0.904
0.904
0.899
0.892
0.885
0.879
0.873
0.865
0.862
0.856
0.854

0.850

0.850

ndeLU.
-1.249
-1.246
-1.253
-1.243
-1.237
-1.224
-1.208
-1.185
-1.139
-1.114
-1.103
-1.082
-1.055
-1.040
-1.027

-1.020

-1.014
-1.005
-0.987
-0.978
-0.970
-0.954
-0.932
-0.916
-0.899
-0.884
-0.874
-0.872
-0.867
-0.860
-0.852
-0.846
-0.844
-0.841
-0.836
-0.831
-0.823
-0.809
-0.805
-0.798
-0.785
-0.756
-0.721
-0.703
-0.681
-0.661
-0.651
-0.642
-0.631
-0.630
-0.628
-0.627

nv.sts.

2.249
2.246
2.253
2.243
2.237
2.224
2.208
2.185
2.139
2.114
2.103
2.082
2.055
2.040

2.027
2.020
2.014
2.005

1.987
1.978
1.970
1.954
1.932
1.916
1.899
1.884
1.874
1.872
1.867
1.860
1.852
1.846
1.844
1.841
1.836
1.831
1.823
1.809
1.805
1.798

1.785
1.756
1.721
1.703
1.681
1.661
1.651
1.642
1.631
1.630
1.628
1.627

nsh./v.st
0.486
0.484
0.481
0.481

0.480
0.480
0.481
0.484
0.489
0.489
0.488
0.490
0.491
0.492
0.490

0.490
0.489
0.489
0.491

0.490
0.491
0.493
0.496
0.496
0.498
0.500
0.499
0.498
0.498
0.499
0.499
0.499
0.499
0.499
0.500
0.500
0.501
0.504
0.503
0.503
0.507
0.512
0.518
0.520
0.523
0.526
0.524

0.525

0.525
0.524
0.522

0.522

sh./su

0.988

0.982

0.978
0.973
0.970
0.965

0.960

0.954

0.944

0.934

0.927

0.921

0.911

0.906

0.898

0.894

0.890

0.885
0.881
0.876
0.873
0.869
0.865
0.858
0.854

0.850
0.845
0.842
0.839
0.837
0.835
0.832
0.830
0.830

0.829

0.827

0.826

0.823

0.820

0.816
0.816
0.812
0.806
0.799
0.794
0.789
0.781
0.778
0.773
0.771
0.767
0.767

eu/su

21.5

21.1

20.7

20.4

20.0

19.7
19.4
19.0
18.6

18.2
17.8
17.5
17.1
16.8

16.5

16.3

16.0

15.8

15.5

15.3

15.1

14.8

14.6

14.4

14.2

13.9

13.7

13.6

13.4

13.2

13.1

12.9
12.8
12.6
12.5
12.4
12.3
12.1
12.0
11.8

11.7

11.6

11.4

11.2

11.0

10.9

10.7

10.5
10.4
10.3
10.1
10.1

sh/mpp

0.074
0.074
0.074
0.073
0.073
0.073
0.072
0.072
0.071
0.070
0.070

0.069

0.069

0.068
0.068
0.067

0.067
0.067

0.066
0.066
0.066
0.066
0.065

0.065

0.064
0.064
0.064
0.063

0.063

0.063

0.063

0.063

0.063

0.063

0.062

0.062

0.062

0.062

0.062

0.062

0.062

0.061

0.061

0.060

0.060

0.059

0.059

0.059

0.058

0.058

0.058

0.058

v.sts/mpp

0.153

0.153

0.153

0.153

0.152

0.151

0.150

0.149

0.146

0.144

0.143

0.142

0.140

0.139

0.138

0.138

0.137

0.136

0.135

0.135

0.134

0.133

0.132

0.130

0.129

0.128

0.128

0.127

0.127

0.127

0.126

0.126

0.126

0.125

0.125

0.125

0.124

0.123

0.123

0.122

0.121

0.120

0.117

0.116
0.114

0.113

0.112

0.112

0.111

0.111

0.111

0.111

v.stn

-0.167

-0.168

-0.163

-0.158

-0.156

-0.147

-0.150

-0.149

-0.145

-0.149

-0.147

-0.150

-0.153

-0.153

-0.153

-0.153

-0.149

-0.145

-0.143

-0.143

-0.141

-0.138

-0.141

-0.143

-0.140

-0.144

-0.140

-0.143
-0.138

-0.133

-0.135

-0.131

-0.132

-0.123

-0.115

-0.113

-0.110

-0.106

-0.105

-0.102

-0.096

-0.093

-0.094

-0.093

-0.094

-0.098

-0.100

-0.097

-0.096

-0.093

-0.093

-0.094

291
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shr.stn sh.sts. ndetU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn
23.175 0.846 -0.618 1.618 0.523 0.764 10.0 0.058 0.110 -0.093

23.356 0.841 -0.586 1.586 0.530 0.759 9.8 0.057 0.108 -0.093

23.532 0.836 -0.581 1.581 0.529 0.755 9.7 0.057 0.108 -0.084
23.715 0.831 -0.565 1.565 0.531 0.750 9.6 0.057 0.107 -0.087
23.889 0.829 -0.564 1.564 0.530 0.748 9.5 0.056 0.106 -0.082
24.070 0.825 -0.563 1.563 0.528 0.745 9.3 0.056 0.106 -0.082
24.247 0.823 -0.550 1.550 0.531 0.743 9.3 0.056 0.106 -0.082
24.422 0.816 -0.523 1.523 0.536 0.737 9.1 0.056 0.104 -0.077

24.607 0.812 -0.519 1.519 0.534 0.733 9.0 0.055 0.103 -0.076
24.783 0.806 -0.498 1.498 0.538 0.728 8.9 0.055 0.102 -0.073
24.965 0.800 -0.485 1.485 0.539 0.723 8.7 0.054 0.101 -0.075

25.141 0.795 -0.481 1.481 0.537 0.718 8.6 0.054 0.101 -0.079
25.319 0.791 -0.479 1.479 0.535 0.714 8.5 0.054 0.101 -0.078
25.497 0.789 -0.477 1.477 0.534 0.713 8.4 0.054 0.101 -0.069
25.675 0.787 -0.474 1.474 0.534 0.710 8.4 0.054 0.100 -0.071
25.857 0.784 -0.470 1.470 0.533 0.708 8.3 0.053 0.100 -0.061
26.033 0.781 -0.469 1.469 0.532 0.705 8.2 0.053 0.100 -0.061

26.213 0.779 -0.461 1.461 0.533 0.704 8.1 0.053 0.099 -0.053
26.391 0.775 -0.451 1.451 0.534 0.700 8.0 0.053 0.099 -0.049
26.573 0.772 -0.442 1.442 0.536 0.697 7.9 0.053 0.098 -0.049
26.746 0.767 -0.412 1.412 0.543 0.693 7.8 0.052 0.096 -0.051

26.925 0.761 -0.387 1.387 0.548 0.687 7.7 0.052 0.094 -0.053

27.103 0.756 -0.384 1.384 0.546 0.682 7.6 0.051 0.094 -0.057
27.283 0.751 -0.357 1.357 0.553 0.678 7.5 0.051 0.092 -0.050
27.462 0.746 -0.353 1.353 0.551 0.673 7.4 0.051 0.092 -0.053
27.637 0.741 -0.353 1.353 0.547 0.669 7.3 0.050 0.092 -0.053
27.816 0.739 -0.349 1.349 0.547 0.667 7.2 0.050 0.092 -0.047

27.994 0.734 -0.348 1.348 0.545 0.663 7.2 0.050 0.092 -0.044
28.174 0.732 -0.342 1.342 0.545 0.661 7.1 0.050 0.091 -0.046

28.350 0.728 -0.327 1.327 0.549 0.658 7.0 0.050 0.090 -0.047

28.532 0.722 -0.293 1.293 0.558 0.652 6.9 0.049 0.088 -0.049
28.710 0.718 -0.287 1.287 0.558 0.648 6.8 0.049 0.088 -0.048
28.887 0.713 -0.284 1.284 0.555 0.644 6.7 0.049 0.087 -0.049
29.071 0.709 -0.261 1.261 0.563 0.641 6.7 0.048 0.086 -0.051

29.246 0.703 -0.259 1.259 0.559 0.635 6.6 0.048 0.086 -0.051

29.427 0.701 -0.258 1.258 0.557 0.633 6.5 0.048 0.086 -0.046
29.603 0.697 -0.257 1.257 0.554 0.629 6.4 0.047 0.086 -0.045

29.785 0.693 -0.253 1.253 0.553 0.626 6.4 0.047 0.085 -0.045
29.960 0.690 -0.249 1.249 0.553 0.623 6.3 0.047 0.085 -0.035

30.140 0.686 -0.239 1.239 0.554 0.620 6.2 0.047 0.084 -0.029

30.318 0.682 -0.217 1.217 0.561 0.616 6.1 0.046 0.083 -0.033

30.497 0.675 -0.206 1.206 0.560 0.610 6.0 0.046 0.082 -0.037

30.678 0.673 -0.203 1.203 0.560 0.608 6.0 0.046 0.082 -0.036

30.854 0.669 -0.201 1.201 0.557 0.604 5.9 0.046 0.082 -0.029

31.036 0.667 -0.198 1.198 0.557 0.602 5.9 0.045 0.082 -0.033

31.206 0.663 -0.190 1.190 0.557 0.599 5.8 0.045 0.081 -0.026
31.392 0.659 -0.164 1.164 0.566 0.595 5.7 0.045 0.079 -0.028
31.571 0.649 -0.133 1.133 0.573 0.586 5.6 0.044 0.077 -0.038
31.756 0.642 -0.129 1.129 0.569 0.580 5.5 0.044 0.077 -0.034

31.934 0.638 -0.115 1.115 0.572 0.576 5.5 0.043 0.076 -0.035
32.113 0.632 -0.103 1.103 0.573 0.571 5.4 0.043 0.075 -0.043
32.295 0.629 -0.104 1.104 0.569 0.568 5.3 0.043 0.075 -0.043

.........
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shr.stn sh.sts. ndeLU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn

32.469 0.627 -0.102 1.102 0.568 0.566 5.3 0.043 0.075 -0.037

32.657 0.623 -0.100 1.100 0.567 0.563 5.2 0.042 0.075 -0.034

32.836 0.621 -0.097 1.097 0.566 0.561 5.2 0.042 0.075 -0.027

33.025 0.618 -0.099 1.099 0.562 0.558 5.1 0.042 0.075 -0.026

33.204 0.616 -0.097 1.097 0.562 0.556 5.1 0.042 0.075 -0.028

33.389 0.613 -0.087 1.087 0.564 0.554 5.0 0.042 0.074 -0.023

33.567 0.609 -0.069 1.069 0.570 0.550 5.0 0.041 0.073 -0.018

33.746 0.604 -0.060 1.060 0.570 0.545 4.9 0.041 0.072 -0.022
33.930 0.600 -0.058 1.058 0.567 0.542 4.8 0.041 0.072 -0.026
34.117 0.598 -0.056 1.056 0.567 0.540 4.8 0.041 0.072 -0.027
34.301 0.596 -0.050 1.050 0.567 0.538 4.7 0.041 0.071 -0.016
34.481 0.593 -0.048 1.048 0.566 0.535 4.7 0.040 0.071 -0.021
34.660 0.589 -0.034 1.034 0.569 0.532 4.6 0.040 0.070 -0.024

34.841 0.583 -0.011 1.011 0.577 0.527 4.6 0.040 0.069 -0.017
35.027 0.572 0.023 0.977 0.586 0.517 4.5 0.039 0.066 -0.025
35.198 0.567 0.018 0.982 0.578 0.512 4.4 0.039 0.067 -0.026
35.377 0.563 0.018 0.982 0.573 0.508 4.3 0.038 0.067 -0.030
35.557 0.561 -0.006 1.006 0.557 0.506 4.3 0.038 0.068 -0.032
35.736 0.560 0.002 0.998 0.562 0.506 4.3 0.038 0.068 -0.025
35.921 0.555 0.032 0.968 0.574 0.501 4.2 0.038 0.066 -0.021
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST

MIT GEOTECHNICAL LAB

FILE NAME : DSS 50

REDUCTION DATA

UNITS: kg,cm,mVotts,Volts

1. Test

2. Date

3. OCR

Name : DSS 50

6/28/89

7.799

Ver. Consolidation Stress (ksc) :0.379

Pre-Shear Height (cm) :1.9315

Horizontal Shear Load Cell:

Zero: 0.0001

CF: 7065.518

8. Vertical Stress Load Cell:

Zero: -0.00053

CF: 13674.89

shr.stn

0.000

0.001

0.003

0.004

0.012
0.037

0.118

0.219

0.346

0.475
0.617
0.764
0.898

1.037

1.176

1.328

1.477

1.626

1.776

1.929

2.088

2.240

2.391

2.541

2.699

2.853

3.007

3.164

3.315

3.469

3.615

sh.sts.

-0.006

-0.006

0.001

0.003

0.024

0.089
0.189
0.273
0.328
0.378
0.414

0.447

0.473
0.497
0.518
0.541

0.562
0.581

0.597

0.612

0.628

0.640

0.659

0.673
0.684
0.696
0.705
0.714
0.720
0.736

0.746

ndelU.

0.003

0.021

0.037
0.044
0.048
0.031

0.022

-0.027

-0.110

-0.191

-0.210

-0.229

-0.291

-0.301

-0.340

-0.354

-0.391

-0.413

-0.418

-0.435

-0.456

-0.475

-0.554

-0.557

-0.569

-0.581

-0.595

-0.609

-0.619

-0.693

-0.703

nv.sts. nsh./v.st

0.997
0.979
0.963
0.956
0.952

0.969

0.978

1.027

1.110

1.191

1.210

1.229

1.291

1.301
1.340
1.354
1.391

1.413

1.418

1.435

1.456

1.475

1.554

1.557

1.569

1.581

1.595
1.609
1.619
1.693

1.703

-0.006

-0.006

0.001

0.004

0.025

0.092

0.194

0.266

0.295

0.318

0.342

0.364
0.366
0.382
0.387
0.399
0.404

0.411

0.421

0.426

0.431

0.434

0.424

0.432

0.436

0.440

0.442
0.444
0.445
0.434

0.438

7. Horizontal Displacement Transducer:

Zero: -0.124

CF: 2.2815

9. Vertical Height Transducer:

Zero: -0.1338

CF: 2.0655

sh./su

-0.007

-0.007

0.002

0.004

0.026

0.098

0.208

0.300

0.360

0.416

0.456

0.492

0.520
0.546
0.570
0.595
0.618
0.639
0.657

0.673

0.691

0.704

0.725
0.740
0.752
0.765
0.775
0.785
0.792
0.809

0.821

eu/su

9999.0
48.8

782.8
714.9
794.6
847.3
547.6

420.4

318.6

267.2
224.8

196.1

176.1
160.1

147.1
135.9

127.0
119.2
112.1

105.7

100.2

95.2

91.8

88.1

84.4

81.2

78.0

75.1

72.3

70.6

68.7

sh/mpp

-0.001

-0.001

0.000

0.000

0.003

0.011

0.024

0.035

0.042

0.049

0.053

0.057

0.061

0.064

0.066

0.069

0.072
0.075
0.077
0.078
0.081

0.082

0.085

0.086

0.088

0.089

0.090

0.092

0.092

0.094

0.096

v.sts/mpp

0.128

0.125

0.123

0.123

0.122

0.124

0.125

0.132

0.142

0.153

0.155
0.158
0.166
0.167

0.172
0.174
0.178
0.181

0.182

0.184
0.187

0.189

0.199

0.200

0.201

0.203

0.205

0.206

0.208

0.217

0.218

4.

5.
6.

v.stn

0.000

0.002

0.001

0.001

-0.001

-0.003

-0.011

-0.024

-0.041

-0.035
-0.037
-0.041
-0.046

-0.049
-0.055
-0.057
-0.061

-0.061
-0.064
-0.067
-0.073
-0.078
-0.074
-0.073
-0.075
-0.077
-0.081

-0.085

-0.087

-0.088

-0.080

row--
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shr.stn sh.sts.

3.771

3.924

4.080

4.236

4.384

4.543

4.698

4.858

5.013

5.170

5.328

5.485

5.641

5.795

5.951

6.106

6.266

6.422

6.582

6.738

6.895

7.049

7.205

7.366
7.520
7.683
7.844
8.022
8.185

8.350

8.512

8.672
8.833
8.988
9.149

9.302
9.465

9.623

9.779

9.937

10.096

10.259

10.412

10.573

10.726

10.884

11.037

11.197

11.359

11.518

11.679

11.836

0.757
0.767
0.776
0.786

0.795
0.801
0.805

0.813

0.818

0.824

0.827

0.829

0.834

0.836
0.843
0.846
0.852

0.856

0.858

0.863
0.865
0.870
0.871
0.875
0.874
0.878
0.882
0.885
0.887
0.891

0.896
0.897
0.899
0.898
0.901
0.901

0.902
0.902
0.902
0.903
0.904
0.906
0.903
0.906
0.909

0.908

0.908

0.906

0.904

0.901

0.900

0.897

ndelU.
-0.706
-0.715
-0.723
-0.733
-0.785
-0.773
-0.778
-0.784
-0.793
-0.798
-0.804
-0.810
-0.815
-0.843
-0.860
-0.857
-0.863
-0.884
-0.886
-0.886
-0.894
-0.893
-0.899
-0.908

-0.907
-0.909
-0.909
-0.913

-0.916
-0.921
-0.925

-0.926

-0.929
-0.934
-0.933
-0.936
-0.938
-0.939

-0.940
-0.940
-0.941
-0.943
-0.942

-0.995
-0.988
-0.964
-0.952
-0.929

-0.911
-0.941

-0.928
-0.926

nv.sts. nsh./v.st sh./su

1.706

1.715
1.723
1.733
1.785
1.773
1.778
1.784
1.793
1.798
1.804
1.810
1.815
1.843
1.860
1.857
1.863
1.884
1.886
1.886
1.894

1.893

1.899

1.908

1.907

1.909

1.909

1.913

1.916

1.921

1.925

1.926

1.929

1.934

1.933

1.936

1.938
1.939
1.940
1.940
1.941
1.943
1.942
1.995
1.988

1.964
1.952

1.929

1.911

1.941

1.928
1.926

0.444

0.447

0.450

0.453

0.445

0.452

0.453

0.456
0.456
0.458
0.459
0.458
0.459
0.453

0.453

0.456

0.457

0.454

0.455

0.457
0.457
0.460
0.459
0.459
0.458

0.460

0.462

0.463

0.463

0.464

0.465

0.466
0.466
0.464
0.466
0.465

0.466

0.465

0.465

0.465

0.466
0.466
0.465
0.454

0.457

0.462

0.465

0.470
0.473
0.464
0.467
0.466

0.833
0.844

0.853

0.864
0.874
0.881
0.885

0.894

0.899
0.906
0.910
0.912
0.917
0.919
0.927

0.931

0.937

0.941

0.943

0.949

0.952
0.957
0.958
0.963
0.961
0.966
0.970

0.973
0.976
0.980

0.985

0.987

0.989

0.988
0.991
0.991
0.992
0.992
0.992
0.993
0.994
0.996
0.993
0.996
1.000

0.998
0.999
0.997
0.994
0.991
0.990
0.986

eu/su sh/mpp

66.8 0.097

65.0 0.098

63.2 0.099

61.7 0.101

60.3 0.102

58.6 0.103

57.0 0.103

55.6 0.104

54.2 0.105

53.0 0.106

51.6 0.106

50.3 0.106

49.1 0.107

47.9 0.107

47.1 0.108

46.1 0.109

45.2 0.109

44.3 0.110

43.3 0.110

42.5 0.111

41.7 0.111

41.0 0.112

40.2 0.112

39.5 0.112

38.6 0.112

38.0 0.113

37.3 0.113

36.7 0.113

36.0 0.114

35.4 0.114

35.0 0.115

34.4 0.115

33.8 0.115

33.2 0.115

32.7 0.116

32.2 0.115

31.7 0.116

31.2 0.116

30.6 0.116

30.2 0.116

29.8 0.116

29.3 0.116

28.8 0.116

28.5 0.116

28.2 0.117

27.7 0.116

27.3 0.116

26.9 0.116

26.4 0.116

26.0 0.116

25.6 0.115

25.2 0.115

v.sts/mpp

0.219

0.220

0.221

0.222

0.229

0.227

0.228

0.229

0.230

0.231

0.231

0.232
0.233
0.236
0.238
0.238

0.239

0.242

0.242

0.242

0.243

0.243

0.243

0.245

0.244

0.245

0.245

0.245

0.246

0.246

0.247

0.247

0.247
0.248

0.248

0.248

0.248

0.249

0.249

0.249

0.249

0.249

0.249

0.256

0.255

0.252

0.250

0.247

0.245

0.249

0.247

0.247

v.stn
-0.080
-0.082

-0.083
-0.085
-0.086
-0.085

-0.086
-0.088
-0.090

-0.092

-0.094
-0.095

-0.098

-0.101
-0.098
-0.099
-0.099
-0.100
-0.101

-0.100
-0.101

-0.101

-0.102
-0.103

-0.102

-0.104
-0.104
-0.105

-0.105
-0.106
-0.105

-0.106
-0.107
-0.107
-0.107
-0.108

-0.109

-0.110
-0.110
-0.110
-0.111
-0.112

-0.111

-0.110
-0.097
-0.097
-0.100
-0.104

-0.111

-0.116
-0.111
-0.111

__. _
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shr.stn sh.sts. ndeWU. nv.sts. nsh./v.st sh./su

11.999

12.159

12.320

12.474

12.638

12.799

12.961

13.106

13.259

13.428

13.575

13.730

13.895

14.055

14.214

14.378

14.529

14.696

14.858

15.004

15.156

15.322

15.476

15.646

15.805

15.962

16.105

16.266

16.435

16.584
16.727
16.885
17.065
17.217
17.376
17.534

17.695

17.851

18.008

18.165

18.321

18.482

18.631

18.788

18.941

19.099

19.255

19.412

19.570
19.726
19.885
20.038

0.897

0.897

0.894

0.891
0.886
0.885
0.883
0.883
0.880
0.878
0.874
0.872
0.871
0.866
0.863
0.859
0.854

0.854

0.852

0.851

0.849

0.850

0.846
0.842
0.841
0.837

0.834

0.831

0.830
0.828

0.829

0.825

0.819

0.816

0.812
0.809
0.803
0.800
0.795
0.794
0.792
0.791
0.790
0.792
0.791
0.789
0.787
0.784
0.780
0.776
0.773
0.771

-0.924

-0.913

-0.911

-0.892
-0.873
-0.871
-0.885
-0.872
-0.867
-0.858

-0.850

-0.841

-0.837

-0.825

-0.813

-0.806

-0.803

-0.792
-0.781
-0.775
-0.768
-0.758
-0.750
-0.742
-0.734
-0.727
-0.718
-0.709
-0.708
-0.695
-0.675
-0.668
-0.651

-0.640
-0.633
-0.619
-0.606
-0.592

-0.586
-0.581
-0.578
-0.574
-0.586
-0.588
-0.577
-0.571
-0.566
-0.559

-0.537

-0.532

-0.526

-0.522

1.924

1.913
1.911

1.892

1.873
1.871
1.885
1.872
1.867
1.858

1.850

1.841
1.837
1.825

1.813
1.806

1.803

1.792
1.781
1.775
1.768
1.758
1.750
1.742
1.734
1.727

1.718

1.709

1.708

1.695

1.675

1.668
1.651

1.640
1.633

1.619
1.606
1.592
1.586
1.581

1.578
1.574
1.586
1.588
1.577
1.571
1.566
1.559
1.537
1.532

1.526

1.522

0.467
0.469
0.468
0.471
0.473
0.473
0.469

0.472
0.471
0.472
0.473
0.473
0.474
0.474
0.476
0.476
0.474
0.476
0.478
0.480
0.480

0.483
0.484
0.483
0.485
0.485

0.486
0.486
0.486
0.488
0.495
0.495

0.496

0.498
0.497
0.500

0.500

0.503

0.501

0.502

0.502

0.503
0.498
0.499
0.502
0.502
0.503
0.503
0.507
0.506
0.507
0.506

0.987

0.986
0.983
0.980

0.975
0.973
0.972
0.971
0.968
0.965

0.962

0.959

0.958

0.952
0.949

0.945
0.939

0.939

0.937

0.936
0.934
0.934

0.931

0.926

0.925

0.920

0.917
0.914

0.913
0.910
0.911

0.908

0.901
0.898

0.893
0.890
0.884
0.880
0.874
0.874
0.871
0.870
0.869
0.871
0.870
0.867
0.866
0.862
0.858

0.853

0.851
0.847

eu/su sh/mpp v.sts/mpp

24.9 0.115 0.247

24.5 0.115 0.245

24.1 0.115 0.245

23.7 0.114 0.243

23.3 0.114 0.240

23.0 0.113 0.240

22.6 0.113 0.242

22.4 0.113 0.240
' 22.1 0.113 0.239

21.7 0.113 0.238

21.4 0.112 0.237

21.1 0.112 0.236

20.8 0.112 0.235

20.5 0.111 0.234

20.2 0.111 0.232

19.9 0.110 0.232

19.5 0.110 0.231

19.3 0.109 0.230

19.1 0.109 0.228

18.9 0.109 0.228

18.6 0.109 0.227

18.4 0.109 0.225

18.2 0.108 0.224

17.9 0.108 0.223

17.7 0.108 0.222

17.4 0.107 0.221

17.2 0.107 0.220

17.0 0.107 0.219

16.8 0.106 0.219

16.6 0.106 0.217

16.5 0.106 0.215

16.3 0.106 0.214

16.0 0.105 0.212

15.8 0.105 0.210

15.5 0.104 0.209

15.3 0.104 0.208

15.1 0.103 0.206

14.9 0.103 0.204

14.7 0.102 0.203

14.5 0.102 0.203
14.4 0.102 0.202

14.2 0.101 0.202

14.1 0.101 0.203

14.0 0.102 0.204

13.9 0.101 0.202

13.7 0.101 0.201

13.6 0.101 0.201

13.4 0.101 0.200

13.3 0.100 0.197

13.1 0.099 0.196

12.9 0.099 0.196

12.8 0.099 0.195

v.stn

-0.111
-0.111

-0.112

-0.113

-0.115

-0.115

-0.116

-0.114

-0.113

-0.111

-0.109

-0.108

-0.107

-0.105

-0.104

-0.103

-0.103

-0.102

-0.099

-0.098

-0.097

-0.095

-0.094

-0.095

-0.093

-0.091

-0.090

-0.089

-0.089

-0.088
-0.086
-0.087
-0.088
-0.089

-0.090

-0.090

-0.090

-0.092

-0.092

-0.092
-0.092

-0.091

-0.092

-0.086
-0.084
-0.083
-0.082

-0.080

-0.079
-0.079
-0.078
-0.077
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shr.stn sh.sts. ndelU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn

20.202 0.768 -0.512 1.512 0.508 0.845 12.6 0.099 0.194 -0.077

20.356 0.764 -0.501 1.501 0.509 0.840 12.5 0.098 0.193 -0.076
20.517 0.759 -0.482 1.482 0.512 0.835 12.3 0.097 0.190 -0.074

20.674 0.754 -0.457 1.457 0.517 0.829 12.1 0.097 0.187 -0.079
20.833 0.749 -0.455 1.455 0.515 0.824 12.0 0.096 0.187 -0.079
20.989 0.747 -0.451 1.451 0.515 0.822 11.8 0.096 0.186 -0.079
21.144 0.744 -0.438 1.438 0.517 0.818 11.7 0.095 0.184 -0.077
21.305 0.743 -0.432 1.432 0.519 0.817 11.6 0.095 0.184 -0.078
21.457 0.737 -0.428 1.428 0.516 0.810 11.4 0.094 0.183 -0.078
21.619 0.735 -0.416 1.416 0.519 0.808 11.3 0.094 0.182 -0.077
21.772 0.729 -0.405 1.405 0.519 0.802 11.1 0.093 0.180 -0.076

21.935 0.725 -0.400 1.400 0.518 0.797 11.0 0.093 0.180 -0.076
22.091 0.721 -0.394 1.394 0.517 0.793 10.9 0.092 0.179 -0.075
22.248 0.717 -0.382 1.382 0.519 0.788 10.7 0.092 0.177 -0.073
22.404 0.714 -0.378 1.378 0.518 0.785 10.6 0.092 0.177 -0.073
22.561 0.710 -0.374 1.374 0.517 0.781 10.5 0.091 0.176 -0.072
22.723 0.709 -0.363 1.363 0.520 0.780 10.4 0.091 0.175 -0.071
22.876 0.705 -0.352 1.352 0.522 0.776 10.3 0.090 0.173 -0.071
23.033 0.703 -0.338 1.338 0.525 0.773 10.2 0.090 0.172 -0.070
23.190 0.701 -0.332 1.332 0.526 0.771 10.1 0.090 0.171 -0.070
23.352 0.697 -0.321 1.321 0.528 0.767 9.9 0.089 0.169 -0.069
23.510 0.696 -0.312 1.312 0.530 0.765 9.9 0.089 0.168 -0.067

23.673 0.690 -0.310 1.310 0.527 0.759 9.7 0.088 0.168 -0.068
23.836 0.688 -0.302 1.302 0.528 0.757 9.6 0.088 0.167 -0.067

23.992 0.686 -0.294 1.294 0.530 0.754 9.5 0.088 0.166 -0.065
24.151 0.683 -0.277 1.277 0.535 0.752 9.4 0.088 0.164 -0.062
24.307 0.678 -0.265 1.265 0.536 0.745 9.3 0.087 0.162 -0.061
24.470 0.671 -0.255 1.255 0.535 0.738 9.1 0.086 0.161 -0.061
24.624 0.665. -0.238 1.238 0.537 0.731 9.0 0.085 0.159 -0.060
24.786 0.660 -0.232 1.232 0.535 0.726 8.9 0.085 0.158 -0.059
24.943 0.656 -0.226 1.226 0.535 0.721 8.8 0.084 0.157 -0.058
25.100 0.651 -0.215 1.215 0.536 0.716 8.6 0.083 0.156 -0.057
25.261 0.645 -0.197 1.197 0.539 0.710 8.5 0.083 0.153 -0.058
25.418 0.640 -0.189 1.189 0.538 0.704 8.4 0.082 0.152 -0.058
25.577 0.636 -0.169 1.169 0.544 0.700 8.3 0.082 0.150 -0.059

25.733 0.631 -0.163 1.163 0.543 0.694 8.2 0.081 0.149 -0.059

25.894 0.626 -0.142 1.142 0.548 0.688 8.1 0.080 0.146 -0.061

26.049 0.621 -0.140 1.140 0.545 0.683 7.9 0.080 0.146 -0.063

26.209 0.618 -0.133 1.133 0.545 0.679 7.9 0.079 0.145 -0.061

26.361 0.615 -0.130 1.130 0.544 0.677 7.8 0.079 0.145 -0.060

26.523 0.610 -0.131 1.131 0.539 0.671 7.7 0.078 0.145 -0.060

26.680 0.609 -0.116 1.116 0.546 0.670 7.6 0.078 0.143 -0.058

26.834 0.606 -0.121 1.121 0.540 0.666 7.5 0.078 0.144 -0.058
26.992 0.602 -0.107 1.107 0.544 0.662 7.4 0.077 0.142 -0.055
27.153 0.597 -0.095 1.095 0.545 0.657 7.3 0.077 0.140 -0.054
27.314 0.593 -0.085 1.085 0.546 0.652 7.2 0.076 0.139 -0.053

27.472 0.588 -0.071 1.071 0.549 0.647 7.1 0.075 0.137 -0.053
27.634 0.584 -0.066 1.066 0.548 0.642 7.0 0.075 0.137 -0.054

27.789 0.580 -0.062 1.062 0.546 0.638 7.0 0.074 0.136 -0.051
27.945 0.577 -0.056 1.056 0.546 0.635 6.9 0.074 0.135 -0.051

28.099 0.575 -0.050 1.050 0.547 0.632 6.8 0.074 0.135 -0.049

28.257 0.571 -0.044 1.044 0.547 0.628 6.7 0.073 0.134 -0.048
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shr.stn

28.413

28.568
28.729
28.886

29.044

29.197

29.356

29.513

29.665
29.824

29.984
30.143

30.298

30.456

30.609
30.765
30.921

31.081

31.241
31.391

31.552

31.709
31.865
32.026

32.178
32.340

32.495
32.655
32.810
32.968
33.125

sh.sts.

0.568
0.565
0.563
0.560
0.557
0.555
0.552
0.550
0.548
0.544
0.535
0.532
0.529
0.525
0.523

0.522
0.519
0.515
0.512
0.510
0.506
0.503
0.500
0.499
0.496
0.495
0.493
0.489
0.489
0.485

0.483

ndeLU.
-0.038
-0.035
-0.030
-0.020
-0.016
-0.010
-0.007
-0.009
-0.007
0.024
0.047
0.051
0.055
0.058

0.060
0.050
0.069
0.075
0.077
0.079
0.084
0.086
0.088
0.091
0.088
0.092
0.102

0.115

0.116

0.116

0.117

nv.sts.

1.038
1.035

1.030
1.020
1.016
1.010
1.007
1.009
1.007
0.976
0.953
0.949
0.945
0.942
0.940

0.950
0.931
0.925

0.923

0.921
0.916
0.914
0.912
0.909
0.912
0.908
0.898
0.885
0.884

0.884
0.883

nsh./v.st

0.548

0.546

0.546
0.549

0.548
0.549

0.548
0.545
0.544
0.557
0.562

0.561
0.559
0.557
0.557
0.549
0.557
0.556
0.555
0.553
0.552
0.550
0.548

0.549
0.544
0.545
0.549
0.553
0.552
0.549
0.547

sh./su

0.625

0.621

0.619
0.616
0.613

0.610
0.607

0.605
0.603
0.598
0.589

0.585

0.581
0.577
0.576
0.574
0.571
0.566
0.563

0.561

0.556

0.553

0.550
0.549

0.545

0.545

0.542
0.538

0.537
0.534

0.531

eu/su

6.7

6.6

6.5

6.5

6.4

6.3

6.3

6.2

6.2

6.1

6.0

5.9

5.8

5.8

5.7

5.7

5.6

5.5

5.5

5.4

5.4

5.3

5.2

5.2

5.1

5.1

5.1

5.0

5.0

4.9

4.9

sh/mpp
0.073
0.072

0.072

0.072
0.071
0.071
0.071
0.071
0.070
0.070
0.069

0.068
0.068
0.067

0.067
0.067

0.067

0.066
0.066
0.065

0.065

0.064
0.064
0.064
0.064
0.064
0.063

0.063

0.063

0.062

0.062

v.sts/mpp

0.133

0.133

0.132
0.131

0.130

0.129

0.129

0.129

0.129

0.125

0.122
0.122
0.121

0.121

0.120

0.122
0.119
0.119
0.118
0.118
0.117
0.117
0.117
0.117
0.117
0.116
0.115

0.114

0.113

0.113

0.113

v.stn
-0.047
-0.046
-0.045
-0.042
-0.041
-0.039
-0.038

-0.036

-0.033
-0.030
-0.037
-0.038
-0.039
-0.039
-0.038
-0.037
-0.034

-0.034
-0.033
-0.032
-0.032
-0.031
-0.029

-0.027
-0.025
-0.022
-0.020
-0.019
-0.019

-0.018
-0.018

33.297 0.468 0.186 0.814 0.575 0.515 4.7 0.060 0.104 -0.021
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Ko CONSOLIDATED GEONOR DIRECT SIMPLE SHEAR TEST
MIT GEOTECHNICAL LAB

FILE NAME : DSS 51

REDUCTION DATA

UNITS: kg,cm,mVolts,Volts

Test Name : DSS 51

Date : 7/2/89

OCR : 31.904

Ver. Consolidation Stress (ksc) :0.3729

Pre-Shear Height (cm) :1.697
Horizontal Shear Load Cell:

Zero: 0.0001

CF: 7065.518

8. Vertical Stress Load Cell:

Zero: -0.00053

CF: 13674.89

shr.stn

0.000

0.004

0.005

0.005

0.044

0.135

0.266

0.410

0.570

0.733

0.900

1.067

1.230

1.410

1.576

1.753

1.922

2.092
2.268
2.437
2.611

2.784
2.959
3.122
3.300

3.478

3.646

3.822

3.996
4.174
4.347

sh.sts.

-0.002

0.001

0.009
0.036
0.143

0.286
0.379
0.446

0.490

0.539
0.573
0.607
0.641
0.666
0.697

0.719
0.750
0.772
0.804
0.825

0.852

0.876
0.899
0.926
0.943
0.963

0.985

1.015

1.031

1.053

1.077

ndet LU.

0.007
0.078
0.068
-0.135

0.001

-0.052

-0.205

-0.229

-0.141

-0.340

-0.277

-0.357

-0.389

-0.394

-0.453

-0.435

-0.488

-0.549

-0.581

-0.598

-0.664

-0.658

-0.712
-0.769
-0.729
-0.766
-0.854

-0.918
-0.871
-0.938
-0.963

nv.sts. nsh./v.st

0.993

0.922

0.932

1.135

0.999

1.052

1.205

1.229

1.141

1.340

1.277

1.357

1.389

1.394

1.453

1.435

1.488

1.549

1.581

1.598
1.664
1.658
1.712
1.769
1.729
1.766
1.854

1.918

1.871

1.938

1.963

-0.002

0.001

0.010

0.031

0.143

0.272

0.314

0.363

0.430

0.402

0.449

0.448

0.461

0.478

0.480

0.501

0.504

0.499

0.508

0.516

0.512

0.529

0.525

0.523

0.545

0.546

0.531

0.529

0.551

0.543

0.548

7. Horizontal Displacement Transducer:

Zero: -0.1273

CF: 2.2815

9. Vertical Height Transducer:

Zero: -0.01435

CF: 2.0655

sh./su

-0.001

0.000

0.005

0.019

0.078

0.156

0.206

0.242

0.266

0.293

0.311

0.330

0.348

0.362

0.379

0.391

0.408

0.420

0.437

0.448

0.463
0.476
0.488
0.503

0.512

0.524

0.536

0.552

0.560

0.572

0.585

eu/su

9999.0

126.6

351.6

1141.1

542.2

349.3

233.7

178.3
140.8

120.4

104.1

93.1

85.3

77.3

72.3

67.0
63.8

60.3

57.9
55.3

53.4

51.5

49.6

48.5

46.7

45.3

44.2

43.4

42.2

41.2

40.5

sh/mpp
0.000

0.000

0.000

0.001

0.004

0.009

0.012

0.014

0.015

0.017

0.018

0.019

0.020

0.021

0.022

0.023

0.024

0.024

0.025

0.026

0.027

0.027

0.028

0.029

0.030

0.030

0.031
0.032
0.032

0.033

0.034

v.sts/mpp

0.031

0.029

0.029

0.036

0.031

0.033

0.038

0.039

0.036

0.042
0.040

0.043

0.044

0.044

0.046

0.045

0.047

0.049

0.050

0.050

0.052

0.052

0.054

0.055

0.054

0.055

0.058

0.060

0.059

0.061

0.062

v.stn
0.000

0.011

0.003

-0.033

0.003

-0.005

-0.021

-0.027

-0.025

-0.065

-0.037
-0.074
-0.046
-0.059

-0.049
-0.068
-0.084
-0.094

-0.069

-0.081

-0.075

-0.069

-0.095

-0.075

-0.082

-0.081

-0.099

-0.106

-0.077
-0.107
-0.103
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shr.stn sh.sts. ndetU. nv.sts. nsh./v.st sh./su

4.520
4.691
4.866
5.042
5.212
5.390

5.567

5.744

5.914

6.091

6.273

6.440
6.620

6.794

6.973

7.150
7.321

7.500
7.678

7.856

8.032

8.209

8.383
8.566
8.739
8.920

9.105
9.295

9.480
9.662

9.846

10.021
10.203

10.376

10.558
10.735

10.910
11.085

11.262

11.444

11.618

11.799

11.975

12.148

12.325

12.506

12.681

12.860
13.040
13.214
13.398
13.578

1.099
1.122
1.139

1.158
1.183
1.201

1.211
1.232
1.257
1.274
1.288
1.312

1.327
1.341

1.356

1.371
1.390
1.410
1.417
1.438
1.452

1.470
1.482
1.497
1.510
1.530

1.548
1.556

1.572
1.582
1.596

1.607
1.626

1.633
1.642
1.652

1.665
1.682
1.681
1.698
1.707
1.717
1.728
1.736
1.751
1.753
1.770

1.776

1.783
1.785

1.802

1.808

-1.031

-1.028

-1.034

-1.096
-1.179
-1.146
-1.162

-1.189

-1.313

-1.268

-1.294

-1.382

-1.371

-1.387

-1.443

-1.444

-1.523

-1.515

-1.520

-1.612

-1.605
-1.647
-1.641
-1.684
-1.727
-1.761
-1.791
-i.777
-1.792
-1.830
-1.876
-1.907
-1.944

-1.934
-1.947
-1.972
-2.057
-2.103
-2.032
-2.148
-2.114

-2.179
-2.174
-2.239
-2.235
-2.219
-2.310

-2.287
-2.288
-2.290
-2.412
-2.343

2.031

2.028

2.034

2.096

2.179

2.146

2.162

2.189

2.313

2.268

2.294

2.382

2.371

2.387

2.443

2.444

2.523

2.515

2.520

2.612

2.605

2.647
2.641
2.684
2.727
2.761
2.791
2.777
2.792
2.830
2.876
2.907
2.944
2.934
2.947

2.972
3.057
3.103
3.032
3.148

3.114

3.179
3.174
3.239
3.235

3.219

3.310

3.287

3.288

3.290

3.412

3.343

0.541

0.553

0.560

0.553

0.543

0.560

0.560

0.563

0.543

0.562

0.562

0.551

0.560

0.562

0.555

0.561

0.551

0.561
0.563
0.550
0.558
0.555

0.561

0.558

0.554

0.554

0.555

0.560

0.563

0.559

0.555

0.553

0.552

0.556

0.557

0.556

0.545

0.542

0.555

0.539

0.548

0.540

0.544

0.536

0.541

0.545

0.535

0.540

0.542

0.542

0.528

0.541

0.597

0.610
0.619
0.630

0.643
0.653

0.658

0.670
0.683
0.692
0.700

0.713
0.721
0.729
0.737
0.745
0.756
0.766
0.771
0.781
0.789

0.799

0.806

0.814

0.821

0.831
0.842
0.846
0.854

0.860
0.867
0.874
0.884
0.888
0.893
0.898

0.905

0.914

0.914

0.923

0.928

0.933

0.939

0.944

0.952

0.953
0.962
0.965
0.969
0.970
0.979
0.983

eu/su sh

39.7

39.1

38.3

37.5

37.1

36.4

35.5

35.0

34.7

34.2

33.6

33.3

32.7

32.2

31.8
31.3

31.0
30.7

30.2

29.9

29.5

29.2

28.9

28.5

28.2

28.0
27.8

27.3

27.1
26.7

26.5
26.2

26.0
25.7

25.4
25.1

24.9

24.8

24.4
24.2
24.0 1
23.8 1
23.6 1
23.3

23.2

22.9

22.8

22.5

22.3

22.1
22.0
21.7

v.stn

-0.094

-0.110
-0.107
-0.118
-0.114

-0.108

-0.131

-0.109
-0.126
-0.109

-0.128
-0.126
-0.126
-0.114
-0.139
-0.118
-0.130
-0.145
-0.123
-0.154
-0.124

-0.156
-0.151

-0.154

-0.153

-0.157
-0.156
-0.167
-0.173
-0.157
-0.178
-0.153

-0.179
-0.167
-0.176
-0.165

-0.164
-0.159
-0.162

-0.189
-0.173
-0.187
-0.164
-0.178
-0.181
-0.161

-0.183

-0.178
-0.166
-0.168
-0.194

-0.183
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shr.stn sh.sts. ndeLU. nv.sts. nsh./v.st sh./su eu/su sh/
13.769 1.807 -2.347 3.347 0.540 0.983 21.4 0

13.947 1.824 -2.477 3.477 0.525 0.991 21.4 0
14.135 1.822 -2.397 3.397 0.536 0.991 21.0 0

14.304 1.834 -2.483 3.483 0.527 0.997 20.9 0
14.497 1.830 -2.430 3.430 0.533 0.995 20.6 0
14.672 1.836 -2.450 3.450 0.532 0.998 20.4 0
14.845 1.832 -2.467 3.467 0.529 0.996 20.2 0
15.045 1.837 -2.480 3.480 0.528 0.999 19.9 0
15.195 1.838 -2.477 3.477 0.529 0.999 19.7 0
15.378 1.840 -2.520 3.520 0.523 1.000 19.5 0
15.558 1.838 -2.464 3.464 0.531 0.999 19.3 0

15.733 1.830 -2.495 3.495 0.524 0.995 19.0 0
15.930 1.826 -2.465- 3.465 0.527 0.993 18.7 0
16.088 1.820 -2.479 3.479 0.523 0.989 18.5 0
16.276 1.815 -2.459 3.459 0.525 0.987 18.2 0
16.460 1.805 -2.441 3.441 0.525 0.981 17.9 0
16.652 1.796 -2.438 3.438 0.522 0.976 17.6 0

16.823 1.785 -2.405 3.405 0.524 0.971 17.3 0
17.010 1.771 -2.372 3.372 0.525 0.963 17.0 0
17.188 1.766 -2.370 3.370 0.524 0.960 16.8 0
17.374 1.752 -2.292 3.292 0.532 0.952 16.5 0
17.565 1.740 -2.255 3.255 0.535 0.946 16.2 0

17.741 1.726 -2.206 3.206 0.538 0.938 15.9 0
17.928 1.715 -2.221 3.221 0.532 0.932 15.6 0
18.101 1.725 -2.254 3.254 0.530 0.938 15.6 0

18.281 1.706 -2.167 3.167 0.539 0.927 15.2 0
18.461 1.704 -2.196 3.196 0.533 0.926 15.1 0
18.654 1.689 -2.133 3.133 0.539 0.918 14.8 0

18.826 1.685 -2.181 3.181 0.530 0.916 14.6 0
19.019 1.677 -2.102 3.102 0.541 0.912 14.4 0

19.203 1.664 -2.055 3.055 0.545 0.904 14.1 0

19.373 1.654 -2.034 3.034 0.545 0.899 13.9 0
19.561 1.645 -2.024 3.024 0.544 0.894 13.7 0

19.722 1.651 -2.095 3.095 0.533 0.898 13.7 0
19.909 1.642 -2.011 3.011 0.545 0.892 13.5 0
20.098 1.633 -1.985 2.985 0.547 0.888 13.3 0

20.278 1.627 -1.981 2.981 0.546 0.884 13.1 0

20.459 1.621 -1.967 2.967 0.546 0.881 12.9 0
20.633 1.617 -1.957 2.957 0.547 0.879 12.8 0.

20.817 1.611 -1.936 2.936 0.549 0.876 12.6 0.
20.997 1.606 -1.929 2.929 0.548 0.873 12.5 0.
21.177 1.600 -1.916 2.916 0.549 0.870 12.3 0.
21.357 1.599 -1.918 2.918 0.548 0869 12.2 0.

21.538 1.596 -1.901 2.901 0.550 0.868 12.1 0.
21.720 1.590 -1.897 2.897 0.549 0.864 12.0 0.

21.898 1.584 -1.870 2.870 0.552 0.861 11.8 0.
22.080 1.579 -1.849 2.849 0.554 0.858 11.7 0.
22.259 1.570 -1.831 2.831 0.554 0.853 11.5 0.
22.442 1.562 -1.810 2.810 0.556 0.849 11.4 0.
22.623 1.556 -1.796 2.796 0.556 0.846 11.2 0.

22.809 1.550 -1.782 2.782 0.557 0.842 11.1 0.
22.985 1.545 -1.770 2.770 0.558 0.840 11.0 0.

mpp v.sts/mpp v.stn

0.540 0.983 21.4 0.057 0.105 -0.169

0.525 0.991 21.4 0.057 0.109 -0.179

0.536 0.991 21.0 0.057 0.106 -0.190

0.527 0.997 20.9 0.057 0.109 -0.189

0.533 0.995 20.6 0.057 0.108 -0.192

0.532 0.998 20.4 0.058 0.108 -0.191

0.529 0.996 20.2 0.057 0.109 -0.195

0.528 0.999 19.9 0.058 0.109 -0.174

0.529 0.999 19.7 0.058 0.109 -0.189

0.523 1.000 19.5 0.058 0.110 -0.189

0.531 0.999 19.3 0.058 0.109 -0.177

0.524 0.995 19.0 0.057 0.110 -0.184

0.527 0.993 18.7 0.057 0.109 -0.163

0.523 0.989 18.5 0.057 0.109 -0.185

0.525 0.987 18.2 0.057 0.108 -0.176

0.525 0.981 17.9 0.057 0.108 -0.171

0.522 0.976 17.6 0.056 0.108 -0.177

0.524 0.971 17.3 0.056 0.107 -0.172

0.525 0.963 17.0 0.056 0.106 -0.175

0.524 0.960 16.8 0.055 0.106 -0.172

0.532 0.952 16.5 0.055 0.103 -0.155

0.535 0.946 16.2 0.055 0.102 -0.154

0.538 0.938 15.9 0.054 0.100 -0.185

0.532 0.932 15.6 0.054 0.101 -0.158

0.530 0.938 15.6 0.054 0.102 -0.153

0.539 0.927 15.2 0.053 0.099 -0.165

0.533 0.926 15.1 0.053 0.100 -0.169

0.539 0.918 14.8 0.053 0.098 -0.149

0.530 0.916 14.6 0.053 0.100 -0.174

0.541 0.912 14.4 0.053 0.097 -0.148

0.545 0.904 14.1 0.052 0.096 -0.171

0.545 0.899 13.9 0.052 0.095 -0.154

0.544 0.894 13.7 0.052 0.095 -0.163

0.533 0.898 13.7 0.052 0.097 -0.177

0.545 0.892 13.5 0.051 0.094 -0.154

0.547 0.888 13.3 0.051 0.094 -0.171

0.546 0.884 13.1 0.051 0.093 -0.167

0.546 0.881 12.9 0.051 0.093 -0.153

0.547 0.879 12.8 0.051 0.093 -0.150

0.549 0.876 12.6 0.050 0.092 -0.164

0.548 0.873 12.5 0.050 0.092 -0.175

0.549 0.870 12.3 0.050 0.091 -0.154

0.548 0.869 12.2 0.050 0.091 -0.161

0.550 0.868 12.1 0.050 0.091 -0.152

0.549 0.864 12.0 0.050 0.091 -0.147

0.552 0.861 11.8 0.050 0.090 -0.167

0.554 0.858 11.7 0.049 0.089 -0.153

0.554 0.853 11.5 0.049 0.089 -0.164

0.556 0.849 11.4 0.049 0.088 -0.141

0.556 0.846 11.2 0.049 0.088 -0.152

0.557 0.842 11.1 0.049 0.087 -0.155

0.558 0.840 11.0 0.048 0.087 -0.165
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shr.stn sh.sts. ndeLU. nv.sts. nsh./v.st sh./su eu/su sh/mpp v.sts/mpp v.stn

23.173 1.537 -1.752 2.752 0.558 0.835 10.8 0.048 0.086 -0.145

23.350 1.535 -1.767 2.767 0.555 0.835 10.7 0.048 0.087 -0.159

23.532 1.524 -1.727 2.727 0.559 0.828 10.6 0.048 0.085 -0.158

23.715 1.515 -1.694 2.694 0.562 0.823 10.4 0.047 0.084 -0.154

23.898 1.502 -1.663 2.663 0.564 0.816 10.3 0.047 0.083 -0.163

24.079 1.496 -1.663 2.663 0.562 0.813 10.1 0.047 0.083 -0.159
24.256 1.491 -1.653 2.653 0.562 0.811 10.0 0.047 0.083 -0.140

24.439 1.489 -1.645 2.645 0.563 0.809 9.9 0.047 0.083 -0.146
24.615 1.483 -1.631 2.631 0.564 0.806 9.8 0.046 0.082 -0.137
24.798 1.474 -1.605 2.605 0.566 0.801 9.7 0.046 0.082 -0.155
24.979 1.468 -1.590 2.590 0.567 0.798 9.6 0.046 0.081 -0.156
25.162 1.459 -1.577 2.577 0.566 0.793 9.5 0.046 0.081 -0.139
25.341 1.454 -1.568 2.568 0.566 0.790 9.4 0.046 0.080 -0.155
25.523 1.446 -1.553 2.553 0.566 0.786 9.3 0.045 0.080 -0.153
25.704 1.441 -1.537 2.537 0.568 0.784 9.2 0.045 0.080 -0.142
25.879 1.441 -1.548 2.548 0.566 0.784 9.1 0.045 0.080 -0.155
26.064 1.432 -1.526 2.526 0.567 0.779 9.0 0.045 0.079 -0.145
26.240 1.428 -1.521 2.521 0.566 0.776 8.9 0.045 0.079 -0.140

26.425 1.421 -1.505 2.505 0.567 0.772 8.8 0.045 0.079 -0.148

26.604 1.417 -1.496 2.496 0.568 0.771 8.7 0.044 0.078 -0.154
26.785 1.411 -1.480 2.480 0.569 0.767 8.6 0.044 0.078 -0.141
26.967 1.408 -1.470 2.470 0.570 0.766 8.5 0.044 0.077 -0.154
27.145 1.404 -1.462 2.462 0.570 0.763 8.4 0.044 0.077 -0.126
27.328 1.397 -1.449 2.449 0.570 0.759 8.3 0.044 0.077 -0.127
27.503 1.397 -1.447 2.447 0.571 0.759 8.3 0.044 0.077 -0.128
27.687 1.385 -1.408 2.408 0.575 0.753 8.2 0.043 0.075 -0.126
27.865 1.377 -1.392 2.392 0.576 0.748 8.1 0.043 0.075 -0.140
28.045 1.371 -1.388 2.388 0.574 0.745 8.0 0.043 0.075 -0.146
28.225 1.367 -1.383 2.383 0.574 0.743 7.9 0.043 0.075 -0.144
28.401 1.368 -1.418 2.418 0.566 0.744 7.9 0.043 0.076 -0.128
28.584 1.362 -1.365 2.365 0.576 0.740 7.8 0.043 0.074 -0.146
28.766 1.349 -1.352 2.352 0.574 0.734 7.7 0.042 0.074 -0.142
28.950 1.344 -1.342 2.342 0.574 0.730 7.6 0.042 0.073 -0.121
29.125 1.341 -1.359 2.359 0.568 0.729 7.5 0.042 0.074 -0.145
29.307 1.339 -1.349 2.349 0.570 0.728 7.5 0.042 0.074 -0.141
29.482 1.336 -1.327 2.327 0.574 0.726 7.4 0.042 0.073 -0.117
29.662 1.327 -1.309 2.309 0.575 0.721 7.3 0.042 0.072 -0.118
29.844 1.321 -1.292 2.292 0.576 0.718 7.2 0.041 0.072 -0.133
30.026 1.311 -1.278 2.278 0.575 0.712 7.1 0.041 0.071 -0.138
30.209 1.308 -1.278 2.278 0.574 0.711 7.1 0.041 0.071 -0.124
30.384 1.313 -1.296 2.296 0.572 0.714 7.1 0.041 0.072 -0.115
30.570 1.304 -1.265 2.265 0.575 0.709 7.0 0.041 0.071 -0.135
30.747 1.298 -1.260 2.260 0.574 0.706 6.9 0.041 0.071 -0.133

30.930 1.290 -1.243 2.243 0.575 0.701 6.8 0.040 0.070 -0.113
31.106 1.284 -1.232 2.232 0.576 0.698 6.7 0.040 0.070 -0.117
31.291 1.270 -1.202 2.202 0.577 0.690 6.6 0.040 0.069 -0.148
31.466 1.280 -1.255 2.255 0.568 0.696 6.6 0.040 0.071 -0.140
31.646 1.276 -1.233 2.233 0.571 0.694 6.6 0.040 0.070 -0.136

31.828 1.275 -1.234 2.234 0.571 0.693 6.5 0.040 0.070 -0.119

32.006 1.267 -1.213 2.213 0.573 0.689 6.5 0.040 0.069 -0.138
32.189 1.264 -1.212 2.212 0.571 0.687 6.4 0.040 0.069 -0.117
32.361 1.271 -1.261 2.261 0.562 0.691 6.4 0.040 0.071 -0.128
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shr.stn sh.sts. ndetU. nv.sts. nsh./v.st

32.549

32.724
32.911

33.088
33.267

33.451

33.631

33.813

33.986
34.173

34.349

34.536
34.714
34.896
35.075
35.259

35.449

35.630
35.820

36.000

36.184

36.366
36.545

36.726

36.902

37.088
37.267

1.262

1.268
1.251

1.251

1.244

1.241

1.226

1.224

1.235

1.217
1.215

1.206

1.214

1.204

1.204

1.199

1.194

1.192

1.188
1.186
1.183
1.180

1.174
1.173
1.172
1.168
1.164

-1.212

-1.252

-1.198

-1.209

-1.191

-1.182

-1.155

-1.154

-1.186

-1.145

-1.146

-1.131

-1.158

-1.134

-1.133

-1.122

-1.112

-1.110

-1.105

-1.099
-1.098
-1.089
-1.081

-1.080
-1.078

-1.072
-1.066

2.212

2.252

2.198

2.209

2.191

2.182

2.155

2.154

2.186

2.145

2.146

2.131

2.158

2.134

2.133

2.122

2.112

2.110

2.105

2.099
2.098
2.089
2.081

2.080

2.078
2.072
2.066

0.570

0.563

0.569

0.566

0.567

0.569

0.569

0.568

0.565

0.568
0.566
0.566
0.562
0.564
0.565

0.565

0.566

0.565

0.565

0.565

0.564

0.565

0.564
0.564
0.564
0.564
0.564

sh./su

0.686
0.689
0.680
0.680
0.676
0.674
0.667
0.665
0.672
0.662
0.661
0.656

0.660

0.655

0.654

0.651

0.649
0.648
0.646
0.645
0.643
0.641
0.638
0.638
0.637
0.635
0.633

eu/su sh/mpp v.sts/mpp

6.3

6.3

6.2

6.2

6.1

6.1

6.0

5.9

5.9

5.8

5.8

5.7

5.7

5.6

5.6

5.6

5.5

5.5

5.4

5.4

5.3

5.3

5.2

5.2

5.2

5.1

5.1

0.040

0.040

0.039

0.039

0.039

0.039

0.038

0.038

0.039

0.038

0.038

0.038

0.038

0.038

0.038

0.038

0.037

0.037

0.037
0.037

0.037

0.037
0.037

0.037

0.037
0.037

0.036

0.069

0.071

0.069

0.069

0.069

0.068
0.068
0.068
0.069

0.067

0.067

0.067

0.068
0.067

0.067

0.067

0.066
0.066
0.066
0.066
0.066
0.065

0.065

0.065

0.065

0.065

0.065

v.stn

-0.127

-0.105

-0.104

-0.122

-0.130

-0.108

-0.130

-0.107

-0.104

-0.113

-0.115

-0.131

-0.117

-0.113

-0.130

-0.107

-0.118

-0.132

-0.106

-0.124

-0.129
-0.117
-0.103
-0.108

-0.131

-0.117

-0.120
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APPENDIX C

CONSOLIDATION AT CONSTANT RATE OF STRAIN

C.1 Introduction

The constant Rate of Strain (CRS) Consolidometer was first developed by

Smith and Wahls (1969) with the objective of performing quicker consolidation tests.

Soon after, Wissa et. al. (1971) developed a more versatile general purpose one

dimensional consolidometer at MIT, which is shown schematically in Figure C.1. The

apparatus is designed to load the specimen, by incremental loads, at constant rate of

strain, or at a constant rate of stress. The equipment has high initial cost and is more

complicated than conventional consolidation devices. An expert operator is needed to

set-up the test. However, the constant rate of strain consolidation (CRSC) test is

reported to have several advantages over the standard incremental test (Wissa et al.,

1971; Germaine, 1985; Ladd, 1985), which are summarized below:

* A continuous curve corresponding to the end of primary consolidation is

easily obtained.

0 The duration of the test is reduced from several weeks to a few days for

Boston Blue Clay.

0 One can obtain continuous data on the rate of consolidation.

* The specimen can be saturated at constant volume under a back

pressure.

0 There is no loss of soil due to squeezing near the preconsolidation

pressure with soft clays.

* Data are easily collected with data acquisition system.

MIT's general purpose consolidometer was used to perform all the CRSC tests
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for this research. The tests were performed on samples of resedimented BBC with the

intended purpose of obtaining well defined compression curves for comparison of

general consolidation characteristics of the soil with CKoUDSS consolidation results.

This appendix presents an outline of the testing procedures, the tests results, and a

brief discussion on the consolidation behavior of resedimented BBC III. The reader is

referred to Wissa and Heiberg (1969) for detail description of the apparatus, operating

and testing procedures, and analysis of conditions in the CRSC test.

C.2 CRSC Testing Procedures "

The test specimen is trimmed directly into a smooth and greased stainless steel

ring by placing a knife-edged shoe adapter on the ring and alternately pressing the

cutting edge into the soil and trimming the excess soil ahead of the ring with a surgical

knife. This minimizes disturbance and results in a tight fit between the ring and the

sample, which is required to ensure that no lateral strain occurs during testing. The

shoe is than removed and the top and bottom of the test specimen are trimmed level

with a thin wire saw.

The stainless steel ring containing the specimen is then located in the test

chamber. A tight fit exists between the sample ring and the test chamber in order to

prevent lateral strain during loading. The piston head, with the loading cap containing

the porous stone, is brought in contact with the specimen. The clearance between the

loading cap and the test chamber wall is small in order to apply a uniform

displacement to the top surface and to prevent soil from squeezing out during loading.

At this stage, distilled de-aired water is added to the test chamber and the sample is

allowed to sit overnight under the back pressure for complete saturation.

On the following day, the specimen is loaded at a constant rate of strain by a

gear-driven load frame that forces the cell piston to move down at a constant velocity.

The load required to maintain constant piston velocity is monitored with the load cell,
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and the excess pore water pressure at the impervious sample base is measured with the

pore pressure transducer. The movement of the piston is monitored as a function of

time with a DCDT, throughout the test, to ensure that the cell piston velocity is

constant. The DCDT versus time readings are subsequently used to compute strain

rates (the selection of strain rates for CRSC tests is discussed under Sub Section C.3.1)

and also for data interpretation. All of the transducer readings are taken during the

test by MIT's central data acquisition system at specified time intervals.

C.3 Presentatior and Discussion of Test Results

The clay samples for this research came from Batch No. 204, 205, and 207 of

resedimented BBC III. Chapter 4 summarizes the batching procedures and properties

of the test soil. Four CRSC tests were performed for this thesis. All the samples were

loaded at a constant rate of strain to a maximum vertical consolidation stress of about

20 ksc, and then unloaded to about 0.4 ksc. CRSC Test No. 1 and 2 were also

rebounded from a vertical stress of about 4 ksc to 0.30 ksc before reloading to the

maximum vertical consolidation stress. At the end of each loading/unloading, all the

samples were equilibrated for about 24 hours at a constant vertical stress before they

were rebounded/reloaded (CRSC Test No. 1 was also stopped for about 18 hours at a

vertical stress of 1.5 ksc during the first loading. Some fluctuations in vertical stress

occurred due to a defective Bellofram and variations in the temperature during this

period). CRSC Test No. 1, 2, and 3 were loaded at the average strain rate of about

2.27 x 10-1 per second, where as CRSC Tests No. 8 was run at the strain rate of 2.018 x

10-5 per second. The loading program of each test is given in Table 4.7.

The tabulated data from all the tests are attached at the end of this appendix.

The following Figures present the selected test data in graphical form:

C.2 to C.7 - ev versus log(o'v);
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C.8 to C.11 - Constrained Modulus, D, versus log(or'v);

C.12 to C.16 - void ratio, e, versus log(ao'v);

C.17 to C.21 - e versus log of coefficient of permeability,k;

C.22 to C.26 - log(e) versus log(k);

C.27 to C.30 - Normalized excess pore pressure, ub/Uv, versus a'v;

Table C.1 summarizes the results of the CRSC tests performed on samples from

batches of resedimented BBC III. The subsequent sub sections present a discussion of

the experimental results.

C.3.1 Preconsolidation pressure

Figures C.2 through C.5 are the plots of vertical strain versus logarithm of

vertical effective stress for the four CRSC tests. The preconsolidation pressures,

determined by Casagrande's (1936) construction method, are given in Tables C.1. The

values of preconsolidation pressures for the three CRSC tests (CRSC Test No. 1, 2,

and 3) performed at slower rates of strain (i.e., the normalized excess pore pressures,

ub/Uv v 2 to 5 %; see plots of ub/uv versus o'v in Figures C.27 to C.29) are fairly close

to the applied loads during batch consolidation (computed au'p from batch

consolidometer tests are given in Table 4.2). Table C.3 compares the average values of

a'p from CRSC tests with average results from 14 oedometer tests (from Table 4.3) on

samples of BBC III and shows good agreement in the values of ur'p. However,

preconsolidation pressure determined from compression curve for CRSC Test No. 8

(which was performed approximately 9 times faster than the other CRSC tests, at a

displacement rate that resulted in normalized excess pore pressures ub/! v - 25 % in

the vicinity of preconsolidation pressure; Figure C.30) yielded a value of a'p which is

approximately 25% higher than the other tests. This increase in the preconsolidation

pressure may have been caused by a number of factors which are discussed in the
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succeeding paragraphs.

It has been reported that the Casagrande's construction method is only accurate

to 5 percent of the true value of 'lp for resedimented BBC (Seah, 1990) and that

reconstruction of the laboratory curve by Schmertmann (1955) may increase the

preconsolidation pressure by 10 to 15 % compared to Casagrande's method (Germaine,

1985). However, an increase of 25 % in the preconsolidation pressure can not be

attributed to the error in the method used for determining the preconsolidation

pressure in this case.

The side friction of the wall on the stainless steel ring may effect the stress

distribution, thus influencing the preconsolidation pressure. This effect is more

pronounced when the ratio of sample height to diameter is large. The sample height to

sample diameter ratio of about 0.37, application of grease on the smooth walls of

stainless steel ring, and reasonable and consistent values of ap, obtained from the

other CRSC tests, eliminate the possibility of side friction as the cause of such a large

increase in the preconsolidation pressure.

Thixotropic soil (reported by 0' Neill , 1985 and discussed in Chapter 4) may

exhibit increases in the apparent a'p with storage time. Seah (1990) verified by

extensive laboratory testing that BBC III is a non-thixotropic material. Furthermore,

this test specimen had less storage time than the specimens used for CRSC Tests No. 1

and 2 (Table 4.7).

It is well documented in the literature that the rate of loading can have

significant effect on the value of preconsolidation pressure determined from the CRS

consolidation curves (e.g. Ladd, 1973; Leroueil et al., 1983; Leroueil et al., 1985;

Jamiolkowski et al., 1985). Leroueil et al. (1983) reported experimental results for 11

clays which typically show a 10 % increase in a' p per log cycle increase in rate of

strain. Germaine (1985) and Jamiolkowski et al. (1985) opined that the de/dt should

not effect a'p at a strain rate equal to or greater than that required to prevent
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secondary compression, if the EOP curve is independent of drainage height. They

offered two possible explanations for the experimental evidence of increase in or 'p with

increase in the strain rate, which are in agreement with Mesri (1985):-

"1. ...CRS tests run at "fast" rate have significant pore pressure (effective

stress) gradients across the specimen such that resultant variations in

compressibility and permeability may invalidate Terzaghi's theory used

to interpret the results.

2. At strain rates faster than occur near the end of primary consolidation ifI

conventional incremental tests, many clays may indeed exhibit a

structural viscosity."

It is evident from the above discussion that there are many factors which may

influence the preconsolidation pressure. However, such a large increase in the

preconsolidation pressure seems to have been caused mainly due to the substantial

increase in the rate of loading. The writer concurs with the explanation given by

Germaine (1985) and Jamiolkowski et al. (1985) for increases in a'p with increase in

the rate of strain. The test data reveal that large excess pore pressures were developed

at the base of the specimen,which subject the specimen to high hydraulic gradients.

The data also indicate significant transient effects for stress-strain distribution during

initial stages of the test. Although the theoretical solutions presented by Wissa et al.

(1971) for a linear (constant my) and a non-linear material (constant Cc) include

transient behavior, the results of the tests have been analyzed assuming steady state

conditions. Furthermore, results are interpreted using the linear theory which is only

valid for small values of ub/ov (i.e. ub/0,v - 2 to 5 %).The results obtained from two

theories diverge significantly at the larger values of ub/aUv (Wissa et al., 1971). Hence

the results of the test may be viewed qualitatively only, i.e., preconsolidation pressure
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increases with increase in the strain rate. However, it is not confirmed that the increase

in a'p is due to high effective stress gradients or to structural viscosity.

Mesri and Castro, (1987) suggests the following relationship to select the strain

rate to be used in CRS tests in order to obtain the same olp as obtained from end of

EOP incremental oedometer curves:

de k____ Caed- k• p x - (C.1)

2 (Cc/Ck)x H w Cc(C.1)

where

Cc = - de/dlog (a,'vc)

ko = Initial coefficient of permeability at the in-situ void ratio.

7w = Unit weight of water.

Hd = Drainage height.

Cae = - de/dlog (t)

Ck = de/dlog (k)

The strain rate calculated based on the average parameters for resedimented

BBC III [i.e. Cc = 0.31, ko = 4.0 x 10-8 cm/s, and Ck = 0.425, (from Seah, 1990); Hd

= 2.35 cm (average of the three CRSC tests performed for this research); Cae / Cc =

0.04 (Mesri and Choi,1985)] yielded an approximate value of 2 x 10-7 per second. Wissa

et al. (1971) conducted CRSC tests on samples of resedimented BBC at strain rates

ranging from 10-8 to 8 x 10-6 per second and reported that their consolidation data

compared well with the incremental tests. Walbaum (1988) performed three CRSC

tests (Table C.2) on samples from batches of resedimented BBC III with average strain

rates falling in the range reported by Wissa et al.(1971) and ensuring that the value of

ub/orv remains between 2% to 5%, obtained compression data which showed good
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agreement with the results from EOP incremental consolidation tests. Wissa et al.

(1971) suggested that the optimum strain rate for determining a well defined e versus

log u'vc curve is that which results in Ub/av values of 2% to 5%. Based on the reported

data and the test performed for this research, the writer is of the opinion that the test

conducted on resedimented BBC at a strain rate calculated based on Equation C.1 will

yield lower value of a'p than that obtained for EOP incremental oedometer

compression curves. Hence, it is concluded that for resedimented BBC the strain rate

in CRSC test that results in the value of ub/lv between 2% to 5% is more likely to

yield the same value of O'p as obtained from EOP incremental oedometer compression

curves.The initial rate of deformation can be selected from the range of values reported

by Wissa et al. (1971).

Janbu (1969) has suggested that a plot of constrained modulus (D = 1/mv; my=

coefficient of volume change) versus a' vc (natural scale) can be used to determine the

preconsolidation pressure since D often undergoes a marked drop in the vicinity of al'p.

The constrained modulus versus vertical effective stress is plotted in Figure C.8

through C.11 for the four CRSC tests to observe the behavior of resedimented BBC in

the light of the proposed method. Significant scatter is observed in the plotted data for

CRSC Test No. 1 and 2. However, the arithmetic plots of D versus oa'v for CRSC Test

No. 3 and 8 indicate a sharp drop in D around the preconsolidation pressure, which

then increases linearly with stress. Linear regression analysis for D on ao'v in the

normally consolidated range results in a straight line passing approximately through

the origin (Figures C.8 through C.11). The preconsolidation pressure is better defined

by the lowest point on the curve, as proposed by Janbu and Senneset (1979), but yield

higher values of al'p than expected (i.e., based on applied pressures from the large

consolidometer tests and that obtained from incremental/CRSC tests by Casagrande's

construction method). The values of a'p obtained by using Jonas's (1970) technique,

who suggested that al'p equals the midpoint between points 1 and 2 in Figure C.11, are
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closer to the expected values. However, scatter in the test data for the overconsolidated

range makes it difficult to determine the value of cr'p precisely by this method.

C.3.2 Compression Curves

Figure C.12 through C.15 are plots of void ratio versus logarithm of vertical

effective stress for the CRSC tests. The variation observed between the different tests

(Figure C.16) is partly due to the errors in measuring the water content which

contributes to the error in void ratios (the void ratio is calculated based on Gw = Se

relationship; Gs = 2.785, S = 100%, w is the measured water content of the specimen).

Plots of vertical strain versus logarithm of vertical effective stress (Figure C.6) for the

four CRSC tests show much smaller variation in the curves for tests performed at the

same strain rate. However, the compression curve for CRSC Test No. 8, run at a fast

strain rate, indicate a large variation, specially in the normally consolidated zone.

Figure C.2 through C.5 are the plots of the vertical strain versus logarithm of

vertical effective stress for CRSC Test No. 1, 2, ,3 and 8. The slope of the virgin

compression line is concave upwards, i.e., the slope decreases with increase in the

vertical consolidation stress. Table C.1 summarizes the values of the virgin

compression ratio (CR) and swelling ratio (SR).

Table C.3 compares the results of CRSC tests with average values obtained for

13 incremental consolidation tests performed on batches of resedimented BBC III.

Figure C.7 is a plot of the compression curves for CRSC Tests No. 1, 2, and 3 and the

range of results for the four oedometer tests performed on samples from the same

batches (i.e. Batches 204, 205, and 207) of resedimented BBC III. Table C.3 and

Figure C.7 indicate that the CRSC and incremental oedometer tests compare very well

(the oedometer tests give slightly lower virgin compression ratios). Table C.3 and

Figure C.6 show that the virgin compression ratios increase with increase in the strain

rate for resedimented BBC.
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The time dependent deformation behavior of soil can be suitably analyzed based

on the continuous data obtained in the CRSC testing. However, reliable data on the

creep effects under constant stress could not be obtained during this research due to a

faulty air pressure system and fluctuations in the temperature which resulted in small

variations in the vertical stress.

Further discussion on the consolidation behavior of resedimented BBC III and

comparison of CRSC data with CKoUDSS results is done in Chapter 5.

C.3.3 Coefficient of Permeability

The coefficient of permeability in the CRSC tests can be calculated directly

using the relationship derived by Wissa et al. (1971) based on the linear theory

analysis, as follows:

k = Hd 2 7w (C.2)
2 Ub

where

ý = de/dt

Hd = Length of drainage path.

ub = Excess pore water pressure at the base of the specimen.

7w = Unit weight of water.

The coefficient of permeability is generally expressed as a function of the void

ratio. The most widely used empirical linear relationship between the logarithm of k

and the void ratio is given by Taylor (1948), which is expressed by the following

equation:

log(k/ko) = (eo--e/C) (C.3)
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where

C is a constant, which is latter defined as the permeability change index, Ck.

ko is the initial coefficient of permeability at the initial void ratio, eo.

The Equation C.3 can also be expressed as,

S ae (C.4)
Ck a~log(k)

In engineering practice, Ck is usually assumed to be constant over the typical

range of void ratios. Tavenas et al. (1983) concluded that Ck = 0.50 eo is a reasonable

practical approximation for clays having an initial void ratio between 0.8 and 3.0.

Ladd (1.322 Soil Behavior Course at MIT) suggests Ck falls within a range of 0.33 eo to

0.5 eo (Figure C.31).

Mesri and Olson (1971) presented another empirical relationship, this time

between logarithm of k and logarithm of e,

log(k) = A log(e) + B (C.5)

Where A and B are constants.

Equation C.5 can be written in terms of e as, follows:

log(e) = 2.303 (log k + B) (C.6)

Seah (1990) derived the following expression by differentiating Equation C.6

and then combining it with Equation C.4 to express Ck as a function of e, for a

log(e)-log(k) relationship,

log(e)=-~-~-(logkt B) (C.6)

Seah (1990) derived the following expression by differentiating Equation C.6

and then combining it with Equation C.4 to express Ck as a function of e, for a

log(e)-log(h) relationship,
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C 2.303 e (C.7)Ck = A

The void ratio versus coefficient of permeability data are plotted on semi-log

and log-log scales in Figures C.17 through C.26 for analysis and comparison in the

light of above discussed empirical relationships. Linear regression is used to compute

the constants Ck and A from Equations C.4 and C.6. Table C.4 summarizes the results

obtained from linear regression analyses on CRSC tests conducted for this research and

the incremental consolidation tests performed on samples of resedimented BBC III,

reported by Seah (1990).

Table C.4 indicates that the CRSC tests give higher k values than incremental

consolidation tests. The variation is partly due to errors in computing the initial void

ratios. However, a variation of approximately 25% may be attributed to the methods

of testing and interpretation of results. It is added that the explanation put forth by

Seah (1990) for higher values of k in the CRSC tests (i.e. the actual void ratios are

higher than those reported since the compressibility corrections are not made on the

CRSC data), is not valid since the test data presented for this research have been

appropriately corrected for the apparatus compressibility based on the measured load

deflection relationship of the apparatus.

The values of Ck (calculated based on Equation C.4), when plotted on Figure

C.31, fall within the typical range of Ck values (i.e. Ck = 0.33 eo to 0.50 eo) for clays

given by Tavenas et al. (1983). Figure C.32 is a plot of Ck versus eo for BBC. The

values of Ck, computed based on Equations C.4 and C.6, are compared with the

consolidation tests done on the 200 series BBC (3 CRSC, 11 oedometer, 2 DSS, and 8

large consolidometer tests). Figure C.32 shows that the Ck values computed using

Equation C.6 (i.e., log e -log k) are closer to 0.50eo than Ck calculated based on

Equation C.4 (e-log k).
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C.4 Conclusions

Based on the experimental results, the following conclusions are drawn:-

* The strain rate best suited for resedimented BBC to be used in CRSC

tests in order to obtain the same preconsolidation pressure as obtained

from EOP incremental tests is that which results in ub/va values

between 2% to 5%.

* CRS consolidation performed at significantly faster strain rates that

result in ub/ Uv values greater than 5% can result in value of a'p which is

higher than obtained from oedometer EOP curves.

0 Janbu's (1969) method for determining preconsolidation pressure yields

much higher values compared to Casagrande's (1936) construction

method. It is difficult to find precise value of o'p using the technique

suggested by Jonas (1970).

0 The values of virgin compression ratio obtained from CRSC tests on

resedimented BBC III decrease significantly with increase in the

consolidation stress and compare very well with values obtained from

EOP oedometer curves at high stresses. The compression ratio increased

with an the increase in the strain rate.

* The CRSC tests give coefficient of permeability which are approximately

25% higher than those obtained from incremental consolidation tests.

The CRSC results are analyzed using the linear theory solution for steady state

conditions presented by Wissa et al. (1971). It is reported (Wissa and Heiberg, 1969;

Wissa et al., 1971) that the difference between the results obtained using the linear or

non-linear theory is not significant if the rate of strain is slow enough to keep the

hydraulic gradients relatively small (ub/9vc < 5%) and the transient component of the
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strain distribution for the linear material is small for time after non-dimensional time,

Tv, is equal to 0.35 and becomes negligible for values of Tv greater than 0.5 (Wissa and

Heiberg, 1969). Hence, the analysis is justified for CRSC Test No. 1, 2, and 3 as the

ratio of pore pressure to the applied total vertical stress remained generally within 2%

to 5% in the normally consolidated range. The strain rate was sufficiently low so that

the transient state could be ignored. However, it would have been more appropriate to

also evaluate the data for CRSC Test No. 8, which was performed at a fast strain rate

resulting in ub/a, value greater than 5%, using non-linear theory and also considering

the transient effects.

The strain rate effects have been evaluated qualitatively only. The limited data

show significant rate effects on the consolidation behavior of resedimented BBC.

Hence, it is considered a worthwhile effort to run more CRSC tests at intermediate

strain rates for a better understanding of rate effects on the consolidation behavior of

new 200 series BBC.

-;-·- -- --·- ·



Table C.1: Results of CRSC Tests on Boston Blue Clay III

Batch Strain CR (Stress Range in ksc) SR (Stress Range in ksc) Ck,
Test No. f'p Rate from
No. (ksc) (per sec) 1.2-2 2-4 4-8 8-20 20-10 20-5 20-2.5 20-1.25 20- .625 e-logk

204
CRSCI 39.58 0.98 2.26x10 -6 0.1885 0.1730 - 0.134 0.011 0.014 0.018 0.021 0.023 0.375

204
CRSC2 39.55 1.08 2.27x10-6 0.1888 0.1670 0.140 0.132 0.011 0.013 0.016 0.020 0.022 0.421

207
CRSC3 41.02 1.08 2.29x10-6 0.1750 0.1680 0.156 0.136 0.009 0.012 0.015 0.019 0.023 0.521

Mean 40.05 1.05 2.27x10-6 0.1841 0.1693 0.148 0.134 0.010 0.013 0.016 0.020 0.023 0.440
S1 SD 0.84 0.05 - 0.0079 0.0032 - 0.002 0.001 0.001 0.002 0.001 0.001 0.070

205
CRSC8 39.59 1.30 2.02x10-5 0.2210 0.2090 0.182 0.158 0.007 0.010 0.016 0.019 - 0.490

- ~--1
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Table C.2: Results of CRSC Tests on BBC III (after Valbaun, 1988)

Test No. wi (%) T'p 0'vc 2 3
1 (ksc) CR RR Ck

Batch ei (ksc) OCR

2 40.60 3.82
1.05 0.165 - 0.45

201 1.131 1.00

3 41.50 0.62
0.97 0.174 0.0125 0.47

201 1.156 3.94

4 40.90 3.81
1.05 0.177 - 0.52

201 1.140 1.00

Notes: 1. Initial
and S =

2. Average

void ratio based on Gsw = Se; where Gs = 2.785
100%.
values of CR.

3. Gives best estimates of Ck. Linear regression was not
not performed.

4. The test were performed at variable strain rates ensuring
ub/Fov e 2-5%.

2

Ir - -aa~llsllllll~Y ~--py· --- :l····IY- i C:-::;'r~---r~-~Yf~-~^~i~i~iiiP-~PsY_ II.Ll~t~i-i:ii-iiliP:~~--~-~L~-ij~· - ~-



Summary of Consolidation Results from CRS and Oedometer Tests on BBC III

Type of CR (Stress Range in ksc) SR (Stress Range in ksc) Ck,
Tests Batch w, ' from
Number (%) (ksc) 1.2-2 2-4 4-8 8-20 20-10 20-5 20-2.5 20-1.25 e-logk
of Tests

CRSC 204
1 and 40.05 1.05 0.184 0.169 0.148 0.134 0.010 0.013 0.016 0.020 0.440
3 207 10.84 Q0.05 *0.008 Q0.003 - ±0.002 0.001 10.001 ±0.002 O0.001 +0.070

CRSC
2 205 39.59 1.30 0.221 0.209 0.182 0.158 0.070 0.010 0.016 0.019 0.490
1

Oedometer 200 4
3 to 41.03 1.00 0.160 0.164 0.146 - - - 0.016 - 0.470

14 207 ±0.73 +0.02 ±0.020 ±0.011 40.009 - - ±0.002 - +0.008

Notes: 1. Average rate of strain L 2.27x10 -6 per second.
2. Rate of strain L 2.02x10 -5 per second.
3. Results of the tests given in Table 4.3. From Seah, 1990.
4. SR taken from 16-2 ksc load increment.

Table C.3:



Table C.4: Linear Regression Results for e-k Relationship for Tests on BBC III

Source Type Number eo ko A Ck r2  Initial
of of void

Relation Observations (cm/s) (e) Ratio, ei

e vs lg(k) 87 1.05 11.68x10 -8  0.375 0.85 1.12
CRSC1

lg(e) vs lg(k) 87 1.05 11.02x10-8 5.293 0.435e 0.86 1.12

e vs lg(k) 87 1.05 11.08x10 -8 0.421 0.87 1.12
CRSC2

lg(e) vs lg(k) 87 1.05 11.15x10-8 4.693 0.491e 0.88 1.12

e vs lg(k) 103 1.08 11.25x10 -8  0.521 0.85 1.14
CRSC3

Ig(e) vs Ig(k) 103 1.08 11.72x10-8 3.920 0.588e 0.85 1.14

e vs lg(k) 76 1.06 11.28x10-8 0.458 0.99 1.10
CRSC8

Ig(e) vs Ig(k) 76 1.06 11.68x10-8 3.920 0.588e 0.97 1.10

e vs Ig(k) 79 0.90 4.00x10-8 0.425 0.73 L1.10
Oedometer

Ig(e) vs Ig(k) 79 0.90 4.10x10-8 5.056 0.455e 0.73 21.10

Oedometer e vs ig(k) 111 1.00 6.10x10 -8 0.565 0.91 L1.1-2
and
Batch Ig(e) vs (k) 111 1.00 6.50x10 -8 4.855 0.474e 0.94 -1.1-2

Note: Results from oedometer and batch tests from Seah (1990).

____~_~___~=____~ _ _ · -·---- -- I



Figure C.1: Schematic of MIT General Purpose Consolidometer. (from Wissa and Heiberg, 1969).
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CRSC TEST NO. 1
(Batch 204)

1 10
VERTICAL EFFECTIVE STRESS

Figure C.2: Compression Curve (ev Vs. log o-'v) from CRSC TEST No. 1.
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CRSC TEST NO. 2
(Batch 204)

1 10
VERTICAL EFFECTIVE STRESS (ksc)

Compression Curve (cv Vs. log u'vc) from CRSC TEST No. 2.
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CRSC TEST NO. 3
(Batch 207)

10
VERTICAL EFFECTIVE STRESS

Compression Curve (ev Vs. log / vc) from CRSC TEST No. 3.
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Figure C.4:
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CRSC TEST NO.
(Batch 205)
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Figure C.5: Compression Curve (ev Vs. log a',,) from CRSC TEST No. 8.
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CRSC TESTS ON BBC III
(CRSC 1,2,3&8)

10

VERTICAL EFFECTIVE STRESS (ksc)

Figure C.6: Comparison of Compression Curves (Ev Vs. log 0 vc) from All CRS

Tests.
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TESTS ON BBC III
(CRSC 1,2&3)

1 10
VERTICAL EFFECTIVE STRESS (ksc)

100

Figure C.7: Comparison of Compression Curves (ev Vs. log o vc) from CRS and

Oedometer Tests.
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CRSC TEST NO. 1
(Batch 204)

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

VERTICAL EFFECTIVE STRESS

Figure C.8: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress

(a'vc) for CRSC Test No. 1.
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CRSC TEST NO.
(Batch 204)
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Figure C.9: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress

(-'vc) for CRSC Test No. 2.
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CRSC TEST NO.
(Batch 207)
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VERTICAL EFFECTIVE STRESS, (ksc)

Figure C.10: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress
(-'vc) for CRSC Test No. 3.
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CRSC
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(ks c)

STEST
(Batch 206)

10. 8

0 1 2 3 4 5 6 7 8 9 10

VERTICAL EFFECTIVE STRESS (ksc)

Figure C.11: Plot of Constrained Modulus (D) Vs. Vertical Effective Stress

( O'v) for CRSC Test No. 8.
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CRS TEST NO. 1
(Batch 204)

1 10
VERTICAL EFFECTIVE STRESS (ksc)

Figure C.12: Compression Curve (e Vs. log a'v) from CRSC TEST No. 1.
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CRSC TEST NO. 2
(Batch 204)

100

Figure C.13: Compression Curve (e Vs. log 'Jvc) from CRSC TEST No. 2.
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CRSC TEST NO. 3
(Batch 207)
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Figure C.14: Compression Curve (e Vs. log 've,) from CRSC TEST No. 3.
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CRSC TEST NO. 8
(Batch 205)

10
VERTICAL EFFECTIVE STRESS (ksc)

Figure C.15: Compression Curve (e Vs. log J vc) from CRSC TEST No. 8.
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CRSC TESTS ON BBC III
(CRSC 1,2,3&8)
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Figure C.16: Comparison of Compression Curves (e Vs. log a'vc) from All the

CRS Tests.
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C.17: Graph of Void Ratio (e) Vs. Logarithm of Coefficient

Permeability (k) for CRSC Test No. 1.
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CRSC
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Figure C.18: Graph of Void Ratio (e) Vs. Logarithm of. Coefficient of

Permeability (k) for CRSC Test No. 2.
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CRSC TESTi
(Batch 207)

NO. 3
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COEF. OF PERMEABILITY (* 10
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cm/s)

Figure C.19: Graph of Void Ratio (e) Vs. Logarithm of Coefficient of

Permeability (k) for CRSC Test No. 3.
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CRSC TEST NO.
(Batch 205)

1 10
COEF. OF PERMEABILITY (* 10-. cm/s)

Figure C.20: Graph of Void Ratio (e) Vs. Logarithm of Coefficient of

Permeability (k) for CRSC Test No. 8.
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CRSC TESTS ON BBC
(Batches 204,206&207)

Test Batch Symbol

CRS 1 204

CRS 2 204 i
CRS 3 207 A
CRS 8 205 V
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D
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Figure C.21: Graph of Void Ratio (e) Vs. Logarithm of Coefficient of

Permeability (k) for All the CRS Tests.
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CRS(3 TEST
(Batch 204)

NO. 1

1 10
-8

COEF. OF PERMEABILITY (* 10
100

cm/s)

Figure C.22: Graph of Logarithm of Void Ratio (e) Vs. Logarithm of Coefficient

of Permeability (k) for CRSC Test No. 1.
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CRSC TEST N
(Batch 204)

0.2

1 10COEF. OF PERMEABILITY (* 108
COEF. OF PERMEABILITY (* 10

Figure C.23: Graph of Logarithm of Void Ratio (e) Vs. Logarithm of Coefficient

of Permeability (k) for CRSC Test No. 2.
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CRSC
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STESTr
(Batch 207)

0.1

COEF. OF F

Figure C.24:

1 10
PERMEABILITY (* 10

Graph of Logarithm of Void Ratio (e) Vs. Logarithm of Coefficient

of Permeability (k) for CRSC Test No. 3.
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CRSC TEST NO.
(Batch 205)
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COEF. OF PERMEABILITY (* 10
100
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Figure C.25: Graph of Logarithm of Void Ratio (e) Vs. Logarithm of Coefficient

of Permeability (k) for CRSC Test No. 8.
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CRSC TESTS ON BBC III
(Batches 204,205&207)
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Figure C.26: Graph of Logarithm of Void Ratio (e) Vs. Logarithm of Coefficient

Permeability (k) for All the CRS Tests.
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CRSC TEST NO. 1
(Batch 204)
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Figure C.27: Plot of Normalized Excess Pore Pressure (ub/av) versus Vertical

Effective Stress (o'v) for CRSC Test No. 1.
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CRSC TEST NO. 2
(Batch 204)

0.1

10 12 14 16 18 20
Vertical Effective Stress, a'V, (ksc)

Figure C.28: Plot of Normalized Excess Pore Pressure (Ub/ rv) versus Vertical
Effective Stress (a'v) for CRSC Test No. 2.
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CRSC TEST NO. 3
(Batch 207)
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Vertical Effective Stress, O'v (ksc)

Figure C.29: Plot of Normalized Excess Pore Pressure (Ub/Orv) versus Vertical

Effective Stress (a'v) for CRSC Test No. 3.
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CRSC TEST NO.
(Batch 205)

2 4 6 8 10 12 14 16 18
Vertical Effective Stress, a' v (ksc)

Figure C.30: Plot of Normalized Excess Pore Pressure (ub/u'v) versus Vertical

Effective Stress (l'v) for CRSC Test No. 8.
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Figure C.31: Graph of Permeability Change Index, Ck, Versus Void Ratio, eo, for All

Clays Tested (after Tavenas et al., 1983).
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Figure C.32: Graph of Permeability Change Index, Ck, Versus Void Ratio, eo, for
BBC III.
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CONSOLIDATION AT CONSTANT RATE OF STRAIN
MIT GEOTECHNICAL LAB

File Name: CRSO01.PRN

1. Test Name: CRS 01
2. Date: 1/7/89
3. Initial Height of Sample (cm): 2.357
4. Initial Water Content of Sample (%): 39.58
5. Area of Sample (sq cm):
6. DCDT

Zero: 0.38024
CF: -1.8526 cm/V/V

8. Vertical Load Cell
Zero: 0.00006

CF: 27013.98 kg/V/V

31.64
7. Cell Pressure

Zero: -0.00006
CF: 705.735 ksc/V/V

9. Pore Pressure
Zero: -0.0010

CF: 965.359 ksc/V/V

V.E.STS VOID DEL U
(ksc)
0.080
0.096
0.102
0.130
0.142
0.174
0.216
0.266
0.286
0.361
0.499
0.536
0.582
0.631
0.723
0.768
0.813
0.852
0.865
0.930
0.978
1.010
1.273
1.326
1.410
1.462
1.617
1.654
1.866
1.941
1.989
2.073
2.113
2.170
2.244
2.339
2.435
2.539

RATIO,e
1.102
1.101
1.100
1.099
1.099
1.096
1.094
1.091
1.089
1.086
1.079
1.077
1.074
1.072
1.068
1.065
1.063
1.061
1.057
1.052
1.050
1.045
1.001
0.998
0.993
0.986
0.971
0.964
0.944
0.943
0.935
0.930
0.927
0.924
0.918
0.912
0.906
0.900

(ksc)
0.021
0.022
0.034
0.025
0.046
0.032
0.037
0.039
0.073
0.036
0.045
0.051
0.054
0.053
0.047
0.044
0.038
0.045
0.058
0.074
0.049
0.037
0.033
0.006
0.018
0.040
0.027
0.017
0.138
0.071
0.054
0.096
0.103
0.084
0.103
0.092
0.092
0.081

DEL K TOT. K
(*10 cm/(*10 cm/s)
-29.032
-1.251
35.496
8.162

-51.839
56.433
-46.170
-33.775
-11.570
20.750
-16.493

-7.766
0.599
13.132
-17.513

8.116
-11.081
-7.959
27.547
19.717
45.729
17.725
0.278

17.738
8.810
3.087
10.121
8.444
-1.018
3.589

-5.587
7.364
5.476
10.919
5.864
4.423
4.837
4.573

30.960
28.706
19.102
25.411
14.109
19.902
17.115
16.444
8.686

17.810
14.172
12.477
11.656
11.875
13.312
14.292
16.525
13.776
10.732
8.356
12.569
16.484
17.867
93.858
32.706
14.482
21.290
33.327

3.988
7.731

10.088
5.662
5.248
6.428
5.212
5.824
5.742
6.512

TIME
(secs)

600
780
960
1260
1560
1860
2460
3060
3660
4260
6060
6600
7200
7800
9000
9600
10200
10800
11400
12600
13200
14400
32110
37510
42010
46510
51010
56410

600
780
1260
2414
3014
3614
4864
6064
7264
8464

STRAIN
(%)
0.002
-0.059
-0.103
-0.160
-0.172
-0.295
-0.397
-0.514
-0.628
-0.759
-1.099
-1.197
-1.320
-1.422
-1.650
-1.757
-1.869
-1.978
-2.136
-2.389
-2.506
-2.725
-4.799
-4.944
-5.212
-5.540
-6.249
-6.576
-7.527
-7.596
-7.931
-8.174
-8.325
-8.481
-8.782
-9.055
-9.337
-9.630

CELL
(ksc)
2.040
2.040
2.040
2.039
2.041
2.037
2.037
2.036
2.036
2.035
2.037
2.036
2.039
2.053
2.052
2.052
2.052
2.052
2.052
2.052
2.052
2.052
2.049
2.048
2.048
2.047
2.045
2.043
2.054
2.054
2.057
2.056
2.056
2.056
2.048
2.049
2.046
2.046

V.STS

(ksc)
0.094
0.111
0.125
0.147
0.172
0.196
0.241
0.292
0.335
0.385
0.529
0.570
0.618
0.667
0.754
0.797
0.838
0.882
0.903
0.979
1.010
1.034
1.295
1.330
1.422
1.488
1.635
1.666
1.959
1.989
2.025
2.137
2.182
2.226
2.313
2.400
2.497
2.593

PORE P
(ksc)
2.061
2.062
2.073
2.065
2.086
2.069
2.075
2.075
2.109
2.071
2.082
2.087
2.093
2.106
2.099
2.096
2.090
2.097
2.109
2.126
2.101
2.089
2.081
2.054
2.066
2.086
2.072
2.060
2.192
2.125
2.112
2.152
2.159
2.140
2.151
2.140
2.138
2.127

D
(ksc)
26.928
13.043
48.077
100.113
26.550
41.325
42.149
17.725
57.569
40.420
38.058
37.239
48.530
40.224
41.627
41.021
35.019

8.447
25.674
41.063
14.550
12.704
36.209
31.657
15.583
21.981
11.311
22.277
108.367
14.343
34.629
26.179
36.423
24.789
34.837
33.887
35.593
29.028

Ub/Ov

0.222
0.202
0.271
0.173
0.265
0.165
0.155
0.133
0.219
0.093
0.084
0.089
0.087
0.079
0.062
0.055
0.045
0.051
0.064
0.075
0.048
0.036
0.025
0.005
0.012
0.027
0.016
0.010
0.071
0.036
0.027
0.045
0.047
0.038
0.045
0.038
0.037
0.031
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TIME
(secs)

9913
11713
14713
16513
21313
24061
27661
35761
46561
52861
64561

840
1080
1320
1800
2040
2280
2520
2760
3000
3240
3420
3540
3780
4080
4380
4680
5677
7177
8677

10177
11677
13177
14677
14977
23377
28177
47077
47377

480
600
720

1057
1657
2257
2857
3457
4057
4657
5557
6457
7357
8257
9157

10057
10957
11857
12757

DEL K TOT. K
(*10 cm/(*1O cm/s)

STRAIN

(%)
-9.976

-10.409
-11.095
-11.519
-12.618
-13.109
-13.544
-13.837
-14.055
-14.104
-14.294
-14.707
-14.674
-14.643
-14.603
-14.550
-14.507
-14.462
-14.426
-14.369
-14.321
-14.299
-14.273
-14.215
-14.158
-14.102
-14.033
-13.873
-13.673
-13.425
-13.147
-12.871
-12.584
-12.281
-12.181
-11.878
-11.879
-11.877
-11.870
-11.883
-11.888
-11.912
-11.954
-12.071
-12.184
-12.262
-12.360
-12.480
-12.583
-12.722
-12.876
-13.057
-13.240
-13.394
-13.579
-13.761
-13.956
-14.168

CELL
(ksc)
2.042
2.046
2.032
2.031
2.031
2.031
2.032
2.033
2.036
2.039
2.041
2.045
2.046
2.046
2.046
2.047
2.047
2.047
2.047
2.047
2.047
2.047
2.047
2.045
2.048
2.049
2.049
2.049
2.049
2.049
2.050
2.045
2.050
2.048
2.047
2.044
2.044
2.059
2.059
2.059
2.059
2.058
2.060
2.058
2.060
2.059
2.059
2.059
2.059
2.059
2.059
2.060
2.060
2.060
2.060
2.060
2.061
2.061

D Ub/Ov
(ksc)

V.STS
(ksc)
2.713
2.873
3.156
3.343
3.897
4.080
4.275
4.417
4.414
4.460
4.636
3.962
3.708
3.475
3.067
2.883
2.721
2.563
2.422
2.291
2.166
2.082
2.029
1.920
1.805
1.684
1.582
1.292
0.961
0.723
0.542
0.399
0.284
0.193
0.188
0.268
0.279
0.280
0.280
0.327
0.366
0.398
0.461
0.548
0.632
0.715
0.805
0.889
0.975
1.113
1.284
1.455
1.647
1.845
2.063
2.307
2.586
2.871

PORE P V.E.STS VOID DEL U
(ksc) (ksc) RATIO,e (ksc)
2.153 2.640 0.893 0.111
2.167 2.792 0.883 0.121
2.172 3.062 0.869 0.140
2.151 3.263 0.860 0.119
2.143 3.823 0.837 0.112
2.084 4.045 0.827 0.052
2.066 4.252 0.817 0.034
2.059 4.400 0.811 0.026
2.041 4.411 0.807 0.005
2.049 4.453 0.806 0.010
2.055 4.627 0.802 0.013
1.966 4.014 0.793 -0.079
1.970 3.758 0.794 -0.075
1.953 3.536 0.794 -0.092
1.961 3.123 0.795 -0.085
1.959 2.942 0.796 -0.088
1.920 2.805 0.797 -0.126
1.965 2.618 0.798 -0.082
1.954 2.484 0.799 -0.093
1.980 2.335 0.800 -0.067
1.955 2.227 0.801 -0.092
1.922 2.165 0.802 -0.125
1.956 2.090 0.802 -0.091
1.954 1.981 0.803 -0.091
1.959 1.865 0.805 -0.090
1.915 1.773 0.806 -0.134
1.948 1.649 0.807 -0.100
1.952 1.357 0.811 -0.097
1.956 1.023 0.815 -0.093
1.956 0.785 0.820 -0.093
1.956 0.605 0.826 -0.094
1.947 0.465 0.832 -0.098
1.946 0.354 0.838 -0.104
1.874 0.309 0.844 -0.173
1.949 0.254 0.846 -0.098
2.046 0.266 0.853 0.002
2.047 0.277 0.853 0.002
2.060 0.280 0.853 0.001
2.060 0.280 0.853 0.001
2.092 0.305 0.852 0.034
2.104 0.336 0.852 0.045
2.117 0.359 0.852 0.059
2.129 0.415 0.851 0.069
2.138 0.495 0.848 0.079
2.157 0.567 0.846 0.097
2.166 0.643 0.844 0.107
2.159 0.738 0.842 0.100
2.169 0.816 0.840 0.110
2.169 0.902 0.838 0.110
2.183 1.030 0.835 0.124
2.168 1.212 0.832 0.109
2.187 1.370 0.828 0.127
2.161 1.579 0.824 0.102
2.124 1.803 0.821 0.064
2.147 2.006 0.817 0.086
2.178 2.229 0.813 0.117
2.172 2.512 0.809 0.111
1.949 2.945 0.804 -0.112

4.609
4.012
2.799
4.469
5.158
6.682
5.160
2.970
5.590
3.640
1.568
0.752
2.021
0.140

-7.596
-2.273
7.417

12.423
8.485
5.268
13.617
1.959

10.014
15.568
8.948
2.386

14.492
3.221
2.866
4.407
5.198
2.946
4.169
0.996
7.301

8.615
21.126

-67.546
-10.706
-9.028
13.202
7.040
7.440
5.633
4.285
1.633
4.297
4.310
1.872
2.840
3.512
3.487
3.498
2.397
2.682
1.948

-4.570

4.722
4.281
3.643
4.235
4.407
9.323

14.178
18.400
97.125
45.755
35.515
-5.959
-6.229
-5.092
-5.549
-5.337
-3.732
-5.773
-5.084
-7.076
-5.149
-3.789
-5.195
-5.193
-5.311
-3.556
-4.749
-4.921
-5.163
-5.195
-5.160
-5.013
-4.743
-2.864
-5.068

295.061
212.553
477.871
622.004

14.929
11.111
8.545
7.217
6.309
5.154
4.628
4.950
4.515
4.504
3.963
4.501
3.837
4.787
7.597
5.588
4.097
4.310

-4.252

35.175
39.388
47.372
50.946
45.275
47.551
50.574
4.824

85.879
91.859

ERR
773.364
727.232

ERR
343.891
318.001
411.770
376.102
262.280
223.321
277.575
292.197
187.732
203.671
164.169
181.494
181.477
167.312
96.007
64.801
50.787
38.631
14.794
55.038
-4.208

1545.899
-199.476

-4.453
186.570
700.004
93.320

131.472
68.546
64.268
96.981
96.218
64.739
83.584
92.616

117.731
87.605

114.643
144.982
109.507
122.789
145.322
204.227
78.530

0.041
0.042
0.044
0.036
0.029
0.013
0.008
0.006
0.001
0.002
0.003

-0.020
-0.020
-0.027
-0.028
-0.031
-0.046
-0.032
-0.038
-0.029
-0.042
-0.060
-0.045
-0.048
-0.050
-0.080
-0.064
-0.075
-0.097
-0.129
-0.174
-0.245
-0.366
-0.897
-0.522
0.006
0.008
0.004
0.003
0.103
0.123
0.147
0.150
0.144
0.153
0.150
0.124
0.123
0.112
0.111
0.085
0.087
0.062
0.035
0.042
0.051
0.043

-0.039
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E00"0- L.7'oL, 009'5- £M'9 S90"0- S09"0 6ZI'OZ 9661L 99O'O 190"Z L9J.Z- 1L06
£00"0- 9L6LLZL LL'9- ELE Z90'0- 09"0 VO'OZ O00OZ L9OZ L90'"Z 999"Z- LI'
S00"0- 6L9SLIZ LW'E- .ZL'Z- L60"0- "090 91'OZ S96"L LSI'OZ Z90"g L69"£Z- LOL
ZO0"O-********* 0'iL- S6"0- LSO'O- 109"0 Z99"0Z OLO'Z 2Z9"OZ Z90"Z L99-0- IZL
ZO0"O-********* g'L- L90"0- 0S00- '09O 9 ll'OZ LO' IL9oZ L90oZ S9- L99
2OO-********* '9L6- 096"ZL LO'O- 'O"90 6ZOL'E 020'Z LOO'LZ L90"Z S99*"- L09
000"0 9"LEMl 90"L9 06'L"- 900"0 109"0 009"12 90'Z S09", L90"Z 9LL'fZ- LIZ
000"0 L09'60L- LS9g'S ******** LOOO '109*0 999L2 990Z 1L69"L L90"'2 OL*Z- L
000"0 £DS•'- M9'99 SZ'2 900"0 09"0 OLL'L 990'Z LL'LZ 090"Z ZE9'"Z- 99L92L
100"0 0691 £DOLZ 99L'O ILO'O L09"0 9OL'LZ OLO'Z LL'I 9SO'Z S'OE- 0•£6
L000 90'Z6Z 09"9Z S4;'0 VO 

4
O 9090 169"LZ LLO'Z OOLLZ L SO'Z ZS'EZ- OZS?6

L00"0 926"+/96- ZOL' ZL'o0 El0'0 909"0 VLL'LZ OLO'Z 9UL.Z LSO'Z 92S'£Z- 0O9L6
100"0 M*l'9z L'L 096"0 SZO'O 909"0 9L'LZ ZO'Z £W'LZ LSO*Z 6LS'EZ- Z0U06
LO000 £EL'gOL LE9"1Z 99S'0 SLO'O 909"0 '69L2 ,LO'Z IOL'LZ BSO'Z 66;'£Z- OZLgL
LO000" S16'08- 61O0EZ 108'O 9LO'0 909"0 SOL'L •LLO'Z 91'LZ VSO'Z 9V'EZ- OZ£S9
L00"0 SS*'62- ZE'6L LLL'L OZO'O 609"0 L OO'LZ SLO* OULLZ BSO'Z 2;'£EZ- OE;'M
L00"0 06Z'*S 9.L'ZL ,S'VO 010'0 609"0 LS9"LZ 99O'Z OL9"LZ 6SO'Z 99"''Z- OZGi
LO000 6LO'U -LLS'99 "LO ZZO'O 609"0 09'LZ Z0'Z S.6912 6•O0Z 6SVEZ- OZ9Z9
100"0 S99,09L- 9S'1 £SS'0 VZO'O 609"0 L69" L9O'Z 91L'lLZ 6SO'Z OS*'EZ- OULI
L00"0 ZSL'*Si 9E9"zL £99'0 OEOO 0L90 OS9'LZ 060'Z OL9"LZ 090"Z L£*'EZ- OZ9O9
L00"0 SSZ'ZLZ ELI"*L 9L' 9ZO'O OL9O 029'LZ 990'2 LE9"L 090"Z £0Z'Z- OE66L
£00"0 L90"9SZ 9L'9 OLE'L 6S0"0 Il9W0 LOL'LZ OZL' Ol'LZ L90"Z OZZ'EZ- OZg99
100"0 ZE'6£9 9W9" S;'O 29O'O SL9"0 Zg'oZ £EIL'Z 299'OZ L90'2 LLL'Z- OZL9
O00"0 6S9"I£L L09'6 9L9"0 OOO S,9"0 6SS'02 LOLZ 99S'02 L90"Z LSL'EZ- OZ*I99
LO000 £6L'26 6£9'SL LW6O O000 9L9"0 LOS'OZ L60"2 LZS'02 L90"Z ?IL'EZ- 02SS9
SLO'O 9LS'ZSZ 6SZ'L 291'L SO'0 OZ9'O S96"6L S9E'Z g9L'VO 090"Z O6'"ZZ- L90SS
SLO'O LZO'LO OW'L 2W'L L6Z'O 629"0 6'EL9L ISV Z £6"L Z90"Z £ZS'ZZ- £OUS
9100 960'OZE OlWL EE£'L ZL'O 6S9'0 ZSZ*LL 8*'Z LE'LL 090'Z 9SO'ZZ- E080GS

lO'O0 OL6"929 LOfL 9Z"L , Z'O 61'90 6S;'S, SV'Z L*O'91, 9'Z 9LS"LZ- EO£ I
ZLO'O I;L'ZSZ S£'2 LES'L LLL'O 6S9"0 L,'9"f EEZ'Z SSL•' Z90'Z £60"L2- E0091
LLO'O L62'LSZ ?A'L 66S'L iZ'O 699"0 £O''L L6Z'2 6SS*'L £90"Z L0902- £09E
OZO'O £Z'9LZ L99"L 96S'L SIZ'O 099'0 S9Z'ZL 60£'Z 9Z'9ZL 9O2 LO'OZO- £OZL;
L20'O £S*'6L •'L9• O2'L 921'O 069"0 OSV'LL LL,'Z SS'LL 90OZ Z9"61L- LSL6E
IZO'O 99L'0ZZ £9S'L LZ6"0 92'O 169"0 ZLS'OL lif'Z LSO'LL S90"Z L6'61- LWS6L

WO'O 9SZ'•SLL SL9L L9L'O ZSZO OOL'O OL'OL 9L' 9 LSOL 90"Z £M'61- LSL9E
£iO'O 96L'9LL 6'L SSL'L LEO SOLO 9S6"6 £6Z'Z ZL'OL Z90"Z .'L9L- LSSSE
l00 LS"'L9L O£9Z 9OS'Z 9LL'0 LLL'O IIS'6 LEZ' 1L99"6 1L90"Z 09'gL- LSEQ

ZZO*O 60E'9LL ZOL"' 960"Z SOZ'O 9L'0 0LL'6 S9Z'Z 91Z'6 090"Z E'V9L- LS£E
£fO'O LI9991, ILL'Z lW'L 661'0 ZU'O ,OL' 09'O O Z lg' 190"Z SOl,'gL- LS61L
£EO'O OZL'SL 6Z'Z 99L'L S6'O LU'O L£'9 LSZ'Z 611'9 L90"Z SS9L'L- LSLO
1ZO'O 2E'91,9L Zl' L66"Z S6'O O'O ,70' 6SZ'Z LLL'8 790"Z 999"LL- LS962
LZO'O S6'6SL ISO'Z 09'L 

4
*L'O S,'O £UZ'L 9LZ' 998'L Z90"Z 99'LL- LS68Z

WO'O 9899"LL 9LE'z £SE'L 99L'O 6L'O Z9I'L 94I'Z 909'L Z90Z LLZ'LL- LSO8Z
IZO'O UZ'I9L LOS'Z LO" LLL'O Z'VLO 1,'L 012'Z 0O'L £90"2 9LI'LL- LSLLZ
0S00 ZL9919 L9Z9L , i'L " ZS'O L.L'O 6*'9 SLZ 'LOL £90"Z S69'9L- LS292
9ZO'O , '*6 LES'Z 69'E 9LL'0 OS'O 1L69'9 62"'Z 90'9 £90Z SEL'9L- LSES2

ZO'O LL9'SLL OLS'" L,'1 LSI'O SS;'O L•'9 LZZ'Z LIS'9 90"Z SLS'91L- LOWZ
OO"O .LL'9E1 ZO47 99L'1L 9L'O 6S*'0 l'9 OSZ'Z LO'9 Z90"2 6Z'91- LSS£2
ZZO'O LZ'9"L LO'£ L6S'E £L'O £9L'0 L£6S 96L'Z 9Z0"9 £90"Z 0OS'91- LS9ZZ
9L0"0 £LO'*9L M"'I lS'

4  
£60"0 99L'O 919"S 9SL'Z 6L9"S Z90"Z 9'SL- LSiLZ

LZO'O EZ'9SL L' ZLE'L l'O ZLL'O 9LV'S 90Z'Z Ml'S Z90"g L69"SL- LSSOZ
6ZO'O S;9"ZL L90'' LLZ OSL'O 9LL'O ISO'S ZZ'Z SS'S Z90"Z £LS'SL- LS96L
L£O'O E'.SLL 660"1 Z6£' 6 O'0 6LL'0O SLLI LLZ'2 SLU' 290"Z SE£'SL- LSLUL
OEO'O 9ZE'OIL L'E 9LL'Z O

4
V'O "'O 961'" ZOZ'Z 29S'l Z90" t;L'SL- LS9LL

L2O'O L9'*SL L66"E 8L'L LLL'O LL0 EZZ' 6LLZ' L0'V Z90"Z SL6"IL- LS69L
£00 EU'6, £.S' 6" I,'0 06L'OO 06 606 E6L'Z L66"£ 290"Z S'IL- LS09L
LO'O L9L'LSL 029'1 OL9'L 01'0 6L'0 S6£' Z6L'Z ZWE'£ L90"Z S6f~'L- LSSl
S£0 L,9"'LZ 662'* 9LW" OILO OO9'0 L60" 6L'Z S91,' 690'2 S'•L- LS9EL

(s•/ ) (S/a O Oi )Imo 0L0) (3s3 ) e'Olfl (3sl) (osw) (osd) (OSl) (%) (sags)
AO/qn a N "i0i A "130 n "130 OlOA SJS'3*' d 3lOd SIVS'A 1133 NIVSIS 3WI.

8SE



359

TIME STRAIN CELL V.STS PORE P V.E.STS VOID DEL U DEL K TOT. K D Ub/Ov
(secs) (X) (ksc) (ksc) (ksc) (ksc) RATIO,e (ksc) (*10 cm/(*1O cm/s) (ksc)

1081 -23.661 2.058 19.566 1.981 19.617 0.605 -0.077 3.505 -4.892 5980.399 -0.004
1261 -23.652 2.058 19.055 1.979 19.108 0.605 -0.079 -1.698 -4.755 2835.711 -0.004
1502 -23.629 2.061 18.387 1.964 18.452 0.605 -0.097 1.750 -3.901 2105.435 -0.005
1982 -23.571 2.060 17.159 1.947 17.235 0.607 -0.114 2.905 -3.309 *********-0.007
2342 -23.578 2.061 16.298 1.934 16.383 0.607 -0.127 -2.672 -2.967 4639.265 -0.008
2702 -23.561 2.061 15.479 1.898 15.588 0.607 -0.163 0.027 -2.318 2846.992 -0.011
3062 -23.532 2.061 14.686 1.916 14.783 0.608 -0.145 0.721 -2.601 4913.976 -0.010
3422 -23.517 2.061 13.928 1.903 14.034 0.608 -0.159 1.386 -2.375 2114.374 -0.011
3782 -23.483 2.061 13.211 1.906 13.315 0.609 -0.156 0.818 -2.429 797.753 -0.012
3785 -23.482 2.062 13.204 1.906 13.308 0.609 -0.156 3.092 -2.425 1681.422 -0.012
4085 -23.447 2.061 12.627 1.926 12.717 0.609 -0.135 1.415 -2.806 2553.828 -0.011
5285 -23.367 2.061 10.546 1.882 10.665 0.611 -0.179 0.375 -2.120 1509.304 -0.017
5885 -23.306 2.061 9.640 1.903 9.745 0.612 -0.158 1.423 -2.402 1433.892 -0.016
7085 -23.192 2.062 8.025 1.939 8.107 0.615 -0.123 1.118 -3.098 992.122 -0.015
8285 -23.061 2.062 6.683 1.874 6.809 0.617 -0.189 1.080 -2.023 598.828 -0.028
9185 -22.914 2.062 5.817 1.894 5.929 0.621 -0.168 1.100 -2.280 688.178 -0.029
10385 -22.774 2.063 4.811 1.833 4.964 0.623 -0.230 0.896 -1.677 414.685 -0.048
11585 -22.575 2.063 3.982 1.824 4.142 0.628 -0.239 1.512 -1.618 334.790 -0.060
13345 -22.288 2.063 3.011 1.812 3.179 0.634 -0.251 1.278 -1.553 224.390 -0.083
15145 -21.942 2.064 2.242 1.822 2.403 0.641 -0.242 1.013 -1.627 162.375 -0.108
16345 -21.690 2.063 1.819 1.801 1.993 0.646 -0.262 1.212 -1.511 116.901 -0.144
18745 -21.172 2.065 1.220 1.812 1.388 0.657 -0.253 1.164 -1.588 101.307 -0.207
19589 -21.010 2.065 1.057 1.814 1.224 0.661 -0.251 1.800 -1.605 126.344 -0.238
19634 -20.994 2.066 1.048 1.832 1.204 0.661 -0.234 -0.961 -1.723 114.496 -0.223
19964 -20.950 2.065 0.985 1.813 1.153 0.662 -0.252 -2.066 -1.598 64.987 -0.256
20294 -20.879 2.066 0.947 1.826 1.107 0.663 -0.240 11.160 -1.685 95.633 -0.253
21239 -20.748 2.066 0.817 1.820 0.982 0.666 -0.246 1.426 -1.646 66.463 -0.301
23714 -20.272 2.067 0.512 1.836 0.666 0.676 -0.231 5.709 -1.777 69.679 -0.451
24344 -20.166 2.065 0.446 1.846 0.592 0.678 -0.219 -4.344 -1.881 33.126 -0.491
25274 -19.981 2.068 0.378 1.839 0.530 0.682 -0.228 -3.957 -1.810 31.825 -0.604
25799 -19.851 2.068 0.336 1.839 0.489 0.685 -0.229 2.233 -1.810 31.265 -0.681

0 -19.616 2.068 0.266 1.843 0.416 0.690 -0.224 ******** -1.858 26.081 -0.844
120 -19.592 2.069 0.260 1.845 0.409 0.690 -0.224 1.984 -1.867 32.097 -0.859
240 -19.569 2.069 0.253 1.846 0.402 0.691 -0.223 3.958 -1.871 73.719 -0.882

276.2 -19.544 2.069 0.248 1.864 0.384 0.691 -0.204 5.928 -2.044 1.964 -0.826

I ___
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CONSOLIDATION AT CONSTANT RATE OF STRAIN
MIT GEOTECHNICAL LAB

File Name: CRSO2.PRN

1. Test Nam
2. Date:
3. Initial
4. Initial
5. Area of
6. DCDT

Zero:
CF:

8. Vertical

CRS 02
1/17/89

Height of Sample (cm): 2.354
Water Content of Sample (%): 39.55
Sample (sq cm): 31.62

7.
0.37518
-1.8526 cm/V/V
Load Cell 9.

Zero: 0.00005
CF: 27013.98 kg/V/V

Cell Pressure
Zero: -0.00006
CF: 705.735 ksc/V/V

Pore Pressure
Zero: -0.0010
CF: 965.359 ksc/V/V

DEL K TOT. K
(*10 cm/(*10 cm/s)
2.309 14.083

-59.836 13.492
-0.431 11.848
-11.121 12.537
31.168 11.561
-4.820 12.247
-13.186 9.961

7.374 10.807
3.237 9.133
15.536 10.690
11.595 10.180

273.608 271.353
5.594 12.765
8.515 13.062
0.911 21.743
0.127 22.615
1.853 21.565
10.567 21.979
2.710 9.856
6.550 11.405
1.481 10.442
18.289 12.594
4.557 7.484
8.462 8.238
4.602 8.631
12.124 7.601
9.854 8.724
4.941 8.062
32.618 24.130
8.005 8.712

38.045 28.605
6.262 6.535
2.557 6.362
10.061 5.523
7.064 5.841
7.258 6.000

V.E.STS VOIDTIME
(secs)

900
960
1117
1357
1597
1837
2077
3060
3660
4260
4860
6360
8160
9360

10560
12360
13560
14760
15960
17760
18960
20160
21360
22560
23760
24960
26160
27360
28560
30360
30960
32160
33360
34560
35760
37560

STRAIN

(X)
-0.032
0.026

-0.053
-0.090
-0.187
-0.204
-0.237
-0.484
-0.661
-0.778
-0.887
-1.242
-1.531
-1.682
-1.690
-1.756
-1.825
-1.860
-1.895
-2.025
-2.162
-2.465
-2.657
-2.972
-3.126
-3.465
-3.746
-3.959
-4.289
-4.609
-4.785
-5.102
-5.317
-5.701
-5.924
-6.363

CELL

(ksc)
2.009
2.009
2.009
2.008
2.008
2.008
2.007
2.007
2.006
2.006
2.006
2.003
2.002
2.002
2.007
2.001
2.000
2.001
2.002
2.000
2.001
2.001
2.000
2.001
2.000
2.000
2.001
1.999
2.001
2.002
2.000
2.001
2.001
2.002
2.001
2.001

V.STS
(ksc)
0.098
0.105
0.118
0.130
0.143
0.163
0.179
0.234
0.273
0.322
0.369
0.502
0.662
0.664
0.686
0.700
0.709
0.713
0.774
0.853
0.956
1.034
1.125
1.183
1.242
1.287
1.336
1.385
1.431
1.502
1.526
1.579
1.625
1.679
1.738
1.821

PORE P

(ksc)
2.053
2.055
2.061
2.057
2.061
2.058
2.068
2.063
2.072
2.063
2.065
2.005
2.049
2.047
2.034
2.027
2.027
2.027
2.061
2.051
2.057
2.047
2.077
2.071
2.066
2.075
2.065
2.069
2.024
2.066
2.020
2.085
2.086
2.100
2.093
2.090

(ksc)
0.069
0.075
0.083
0.098
0.108
0.130
0.138
0.197
0.229
0.285
0.330
0.500
0.631
0.634
0.668
0.683
0.691
0.695
0.734
0.819
0.918
1.004
1.073
1.137
1.198
1.237
1.293
1.338
1.416
1.459
1.513
1.523
1.568
1.614
1.677
1.762

RATIO,e
1.101
1.102
1.100
1.100
1.098
1.097
1.096
1.091
1.088
1.085
1.083
1.075
1.069
1.066
1.066
1.065
1.063
1.062
1.062
1.059
1.056
1.050
1.046
1.039
1.036
1.029
1.023
1.018
1.011
1.005
1.001
0.994
0.990
0.982
0.977
0.968

DEL U

(ksc)
0.043
0.045
0.051
0.048
0.052
0.050
0.061
0.056
0.066
0.056
0.059
0.002
0.046
0.045
0.027
0.026
0.027
0.027
0.059
0.051
0.056
0.046
0.077
0.070
0.066
0.075
0.065
0.070
0.023
0.064
0.019
0.084
0.086
0.098
0.092
0.089

D

(ksc)
-9.817
11.168
39.104
11.153

122.533
23.739
23.723
18.384
47.453
40.964
47.987
45.152
1.972

406.059
23.111
11.066
11.791

111.139
65.016
73.122
28.179
36.156
20.180
39.703
11.536
19.743
21.466
23.376
13.655
30.678
3.008

21.007
12.041
28.262
19.298
18.634

Ub/Ov

0.442
0.431
0.436
0.373
0.366
0.303
0.340
0.238
0.241
0.174
0.159
0.004
0.070
0.068
0.039
0.037
0.038
0.037
0.077
0.060
0.058
0.044
0.069
0.059
0.053
0.058
0.048
0.050
0.016
0.042
0.013
0.053
0.053
0.058
0.053
0.049

I__ ~_

re:



V.E.STS VOIDTIME
(secs)
38760
39960
41760
42960
45360
46560
48960
50160
51360
52560
53760
54960
56160
57360
59760
62760
63960
72960
84360
88861

0
900
2700
5400
7200
9000
10800
12600
14256
900

1380
1620
1920
2881
3481
4081
4681
5281
5881
6481
7081
7681
8581
9481

10381
11281
12181
14881
16681
18481
20281
22081
23881
29281
31081
32881

361

STRAIN
(X)

-6.662
-6.950
-7.397
-7.787
-8.253
-8.486
-9.036
-9.328
-9.652
-9.910

-10.183
-10.412
-10.741
-11.023
-11.533
-12.209
-12.495
-12.773
-12.913
-12.937
-12.938
-12.941
-12.949
-12.959
-12.961
-12.979
-12.981
-12.988
-13.289
-13.266
-13.219
- 13.161
-13.194
-13.069
-12.926
-12.735
-12.695
-12.597
-12.434
-12.353
-12.256
-12.271
-12.107
-12.028
-12.047
-12.038
-11.931
-11.879
-11.882
-11.711
-11.430
-11.327
-11.528
-11.527
-11.540
-11.686

CELL
(ksc)
1.991
2.001
2.001
2.002
2.003
2.004
2.002
2.004
2.004
2.006
2.005
2.015
2.007
2.009
2.006
2.010
2.011
2.017
2.023
2.024
2.024
2.024
2.025
2.025
2.026
2.026
2.027
2.028
2.029
2.029
2.030
2.030
2.030
2.032
2.031
2.031
2.032
2.030
2.032
2.032
2.033
2.035
2.033
2.033
2.033
2.033
2.027
2.034
2.034
2.035
2.035
2.036
2.035
2.034
2.034
2.035

V.STS
(ksc)
1.882
1.948
2.046
2.148
2.281
2.366
2.549
2.642
2.743
2.843
2.955
3.054
3.188
3.308
3.574
3.932
4.090
4.150
4.137
4.149
4.156
4.127
4.144
4.144
4.141
4.142
4.142
4.146
4.171
3.453
2.988
2.799
2.576
2.029
1.768
1.547
1.358
1.201
1.063
0.955
0.850
0.756
0.719
0.699
0.680
0.656
0.636
0.629
0.598
0.480
0.319
0.506
0.658
0.679
0.735
0.943

PORE P
(ksc)
2.088
2.077
2.062
2.096
2.097
2.106
2.115
2.086
2.128
2.107
2.116
2.101
2.065
2.130
2.143
2.150
2.127
2.052
2.049
2.049
2.061
2.048
2.050
2.050
2.049
2.050
2.051
2.052
2.052
2.050
1.995
1.982
1.990
1.988
1.979
1.976
1.973
1.977
1.900
1.994
1.990
1.976
2.021
2.028
2.034
2.036
2.060
2.069
2.051
2.010
1.975
2.115
2.081
2.065
2.057
2.092

(ksc)
1.817
1.897
2.006
2.085
2.218
2.298
2.473
2.587
2.660
2.775
2.881
2.997
3.150
3.228
3.483
3.839
4.013
4.127
4.120
4.132
4.131
4.111
4.127
4.127
4.125
4.126
4.126
4.130
4.155
3.440
3.011
2.831
2.603
2.058
1.803
1.584
1.397
1.237
1.151
0.980
0.878
0.796
0.727
0.702
0.679
0.655
0.614
0.606
0.586
0.496
0.358
0.453
0.627
0.658
0.720
0.905

RATIO,e
0.961
0.955
0.946
0.938
0.928
0.923
0.912
0.905
0.899
0.893
0.887
0.883
0.876
0.870
0.859
0.845
0.839
0.833
0.830
0.830
0.830
0.830
0.829
0.829
0.829
0.829
0.829
0.829
0.822
0.823
0.824
0.825
0.824 -
0.827
0.830 -
0.834 •
0.835 -
0.837 -
0.840
0.842 •
0.8" -0.844 -
0.844-
0.847 •
0.849 -
0.848
0.849
0.851
0.852
0.852
0.855 -
0.861 -
0.863
0.859
0.859
0.859
0.856

DEL U
(ksc)
0.096
0.076
0.061
0.094
0.094
0.102
0.113
0.083
0.124
0.101
0.111
0.086
0.058
0.121
0.136
0.139
0.116
0.035
0.026
0.025
0.037
0.024
0.025
0.025
0.024
0.023
0.024
0.024
0.023
0.020
0.034
0.048
0.040
0.044
0.052
-0.055
0.058
0.054
0.132
0.038
0.042
0.059
0.013
-0.005
0.001
0.002
0.033
0.035
0.017
0.025
-0.060
0.079
0.046
0.031
0.023
0.057

DEL K TOT. K
(*10 cm/(*10 cm/s)

4.243 5.498
7.676 6.978
16.019 8.628
11.608 5.504
6.294 5.471
5.038 4.980
4.065 4.441
3.927 6.043
4.262 4.011
4.431 4.899
3.924 4.405
2.698 5.653
10.081 8.376
5.584 3.979
2.918 3.500
3.199 3.365
5.741 4.012
1.286 13.083
2.856 17.627
2.263 18.107

******** 12.392

0.238 19.234
-0.034 18.442
-0.177 18.630
-0.488 19.494-
0.507 19.622
0.774 19.116
0.321 19.391
35.561 19.963
******** 22.374

55.333 -13.399
88.523 -9.636
27.028 -11.506
2.203 -10.496
7.317 -8.862

12.209 -8.368
-2.596 -7.977
-0.477 -8.640
7.044 -3.540
5.591 -12.232
23.841 -11.051
-0.376 -7.949
36.142 -37.030
-4.996 -100.488

******** 423.300
-53.133 209.475
-15.724 14.148
-12.831 13.579
-5.672 27.718
41.221 -19.082
11.708 -8.001
-3.028 6.066
10.056 10.353
-8.056 15.543
-13.040 20.614
1.934 8.321

-~--

D Ub/ov
(ksc)
27.694 0.051
24.312 0.039
20.253 0.030
28.635 0.044
34.092 0.041
31.897 0.043
38.920 0.044
22.600 0.031
44.640 0.045
38.703 0.035
50.501 0.038
46.583 0.028
27.575 0.018
50.097 0.037
52.681 0.038
60.619 0.035
41.015 0.028
-4.951 0.009
50.016 0.006
-82.000 0.006
-800.735 0.009
198.770 0.006
-0.119 0.006
-67.041 0.006
3.023 0.006
-4.202 0.006
58.301 0.006
8.564 0.006

3200.559 0.005
909.521 0.006
311.998 -0.011
-704.422 -0.017
438.415 -0.015
177.576 -0.022
114.691 -0.029
476.452 -0.036
163.271 -0.043
52.208 -0.045
210.766 -0.124
105.886 -0.040

-549.992 -0.050
41.466 -0.078
32.149 -0.018

-116.950 -0.007
252.470 0.002
38.511 0.003
14.439 0.052

-634.925 0.055
52.684 0.029
49.102 -0.052
-91.532 -0.187
86.837 0.156

********* 0.070
465.255 0.045
126.944 0.031
155.856 0.061
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******************************************* ********** ********************

CONSOLIDATION AT CONSTANT RATE OF STRAIN
MIT GEOTECHNICAL LAB

+***+************************************************ **++************+********

File Name: CRSO3.PRN

1. Test Name: CRS 03
2. Date: 2/12/89
3. Initial Height of Sample (cm): 2.339
4. Initial Water Content of Sample (%): 41.02
5. Area of Sample (sq cm): 31.64
6. DCDT 7. Cell Pressure

Zero: 0.21181 Zero: -0.00004
CF: -1.8526 cm/V/V CF: 705.735 ksc/V/V

8. Vertical Load Cell 9. Pore Pressure
Zero: 0.00006 Zero: -0.0010
CF: 27013.98 kg/V/V CF: 965.359 ksc/V/V

PORE P V.E.STS VOID
(ksc) (ksc) RATIO,e
2.119 0.105 1.145
2.111 0.132 1.142
2.106 0.164 1.139
2.097 0.195 1.136
2.124 0.211 1.134
2.106 0.256 1.132
2.104 0.298 1.129
2.121 0.319 1.126
2.112 0.366 1.123
2.132 0.387 1.121
2.096 0.461 1.118
2.211 0.513 1.110
2.117 0.599 1.108
2.104 0.617 1.107
2.089 0.629 1.106
2.093 0.629 1.105
2.083 0.654 1.104
2.086 0.650 1.104
2.082 0.654 1.104
2.094 0.649 1.103
2.079 0.667 1.103
2.075 0.676 1.101
2.081 0.675 1.102
2.074 0.695 1.101
2.118 0.711 1.099
2.093 0.753 1.098
2.090 0.765 1.097
2.116 0.801 1.095
2.100 0.847 1.093
2.102 0.893 1.091
2.113 0.923 1.089
2.113 0.960 1.086
2.109 1.001 1.082
2.127 1.025 1.079
2.114 1.066 1.077
2.109 1.099 1.074

DEL U
(ksc)
0.064
0.056
0.050
0.042
0.064
0.051
0.042
0.066
0.057
0.077
0.042
0.155
0.061
0.050
0.035
0.045
0.021
0.030
0.027
0.040
0.025
0.021
0.026
0.019
0.061
0.038
0.034
0.060
0.044
0.045
0.056
0.052
0.052
0.070
0.057
0.058

DEL K TOT. K
(*10 cm/(*10 cm/s)
12.121
11.705
9.424
13.697
8.636
8.571

10.865
10.556
9.478
7.133
12.000
3.325
8.198
2.028
5.052
4.951
2.708
1.107
2.381
4.208
3.634
10.415
-3.017
3.208
4.160
4.654
5.962
2.747
8.792
10.219
8.197
11.115
12.211
8.336
8.438
8.082

9.614
11.057
12.307
14.512
9.496
11.965
14.560
9.154
10.704
7.818
14.410
3.850
9.737
12.004
17.240
13.271
27.913
19.644
22.024
14.981
24.181
28.921
22.475
30.720
9.669

15.511
17.570
9.899
13.396
12.963
10.466
11.236
11.110
8.336
10.132
10.010

TIME
(secs)
39480
40080
40680
41280
41880
42480
43080
43680
44280
44880
45480
47280
47880
48480
49080
49680
50880
51480
52080
52680
53280
53880
54480
55680
56280
56880
57480
58680
59280
59880
60480
61080
61680
62280
62880
63480

STRAIN
(%)
0.000
-0.039
-0.145
-0.276
-0.403
-0.502
-0.606
-0.766
-0.890
-1.016
-1.132
-1.503
-1.620
-1.643
-1.684
-1.736
-1.776
-1.784
-1.799
-1.838
-1.859
-1.909
-1.890
-1.951
-2.010
-2.052
-2.099
-2.205
-2.297
-2.406
-2.515
-2.653
-2.805
-2.944
-3.060
-3.172

CELL
(ksc)
2.055
2.055
2.056
2.055
2.059
2.055
2.062
2.055
2.055
2.055
2.054
2.055
2.055
2.054
2.055
2.048
2.062
2.056
2.055
2.055
2.054
2.055
2.054
2.055
2.057
2.055
2.056
2.056
2.057
2.056
2.057
2.061
2.056
2.057
2.057
2.051

V.STS
(ksc)
0.148
0.169
0.198
0.223
0.254
0.290
0.326
0.364
0.404
0.439
0.489
0.616
0.640
0.650
0.653
0.659
0.668
0.670
0.672
0.676
0.683
0.690
0.692
0.708
0.752
0.779
0.787
0.841
0.877
0.924
0.960
0.994
1.036
1.072
1.104
1.137

D
(ksc)
69.451
30.555
23.031
12.759
45.672
40.758
12.972
38.120
16.742
63.389
14.012
73.664
76.760
30.731
-0.050
61.466
-58.294
28.924
-12.398
85.745
17.765
6.392

34.124
26.225

100.844
24.535
34.210
50.723
42.092
26.859
26.804
26.969
17.722
34.846
29.582
16.995

Ub/Ov

0.435
0.330
0.253
0.190
0.254
0.176
0.128
0.183
0.140
0.176
0.086
0.252
0.096
0.076
0.053
0.068
0.032
0.045
0.040
0.059
0.036
0.030
0.038
0.027
0.081
0.049
0.043
0.071
0.050
0.049
0.058
0.052
0.051
0.065
0.052
0.051
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DEL K TOT. K
(*10 cm/(*10 cm/s)

TIME
(secs)
64080
64680
66480
68280
69480
70680
71880
73080
74280
75480
77280
78480
79680
83280
84480
85680
86280
87480
88680
90480
91680
92880
94080
95280
96480
97080
98280
99480

100680
101880
103080
104280
106080
107280
108480
109680
110880
112080
113280
114480
115680
116880
118080
119280
120480
121680
122880
124080
125280
126480
127680
128880
130080
131280
132480
133680

STRAIN
(X)

-3.339
-3.476
-3.845
-4.246
-4.482
-4.775
-5.094
-5.388
-5.642
-5.959
-6.392
-6.652
-6.954
-7.797
-8.129
-8.404
-8.556
-8.839
-9.140
-9.577
-9.834

-10.162
-10.409
-10.705
-10.988
-11.134
-11.387
-11.693
-11.972
-12.223
-12.505
-12.754
-13.183
-13.471
-13.699
-14.004
-14.269
-14.496
-14.750
-15.009
-15.277
-15.584
-15.843
-16.059
-16.371
-16.619
-16.903
-17.158
-17.370
-17.634
-17.913
-18.161
-18.461
-18.690
-18.976
-19.195

365

V.E.STS VOID D Ub/Ov
(ksc)

CELL
(ksc)
2.059
2.068
2.057
2.059
2.059
2.059
2.059
2.060
2.061
2.066
2.062
2.062
2.062
2.071
2.063
2.065
2.054
2.065
2.064
2.066
2.066
2.065
2.066
2.066
2.066
2.067
2.066
2.067
2.066
2.068
2.067
2.067
2.067
2.068
2.068
2.068
2.070
2.068
2.067
2.069
2.068
2.068
2.069
2.069
2.069
2.069
2.068
2.068
2.069
2.069
2.068
2.068
2.067
2.066
2.067
2.066

V.STS
(ksc)
1.164
1.211
1.271
1.349
1.397
1.456
1.510
1.568
1.614
1.685
1.781
1.851
1.908
2.139
2.215
2.298
2.342
2.435
2.526
2.681
2.785
2.891
3.024
3.126
3.243
3.298
3.428
3.568
3.711
3.854
4.005
4.158
4.408
4.582
4.749
4.934
5.150
5.346
5.551
5.786
6.017
6.272
6.524
6.786
7.077
7.367
7.669
7.994
8.317
8.671
9.040
9.424
9.819

10.227
10.669
11.122

PORE P
(ksc)
2.113
2.106
2.121
2.117
2.128
2.131
2.122
2.135
2.136
2.117
2.125
2.143
2.139
2.123
2.137
2.135
2.148
2.158
2.130
2.146
2.154
2.152
2.204
2.146
2.154
2.155
2.134
2.159
2.155
2.175
2.163
2.108
2.167
2.160
2.156
2.214
2.171
2.170
2.172
2.189
2.162
2.176
2.044
2.194
2.189
2.197
2.162
2.203
2.222
2.205
2.213
2.212
2.197
2.217
2.247
2.213

(ksc)
1.127
1.185
1.229
1.310
1.351
1.408
1.468
1.517
1.564
1.651
1.738
1.797
1.857
2.104
2.166
2.251
2.279
2.373
2.483
2.627
2.726
2.834
2.931
3.072
3.184
3.239
3.383
3.507
3.652
3.783
3.941
4.131
4.341
4.520
4.690
4.836
5.083
5.278
5.482
5.706
5.954
6.200
6.541
6.702
6.997
7.282
7.606
7.903
8.215
8.580
8.943
9.328
9.732

10.126
10.549
11.024

RATIO,e
1.071
1.068
1.060
1.051
1.046
1.040
1.033
1.027
1.022
1.015
1.005
1.000
0.993
0.975
0.968
0.962
0.959
0.953
0.947
0.937
0.932
0.925
0.919
0.913
0.907
0.904
0.898
0.892
0.886
0.881
0.874
0.869
0.860
0.854
0.849
0.842
0.837
0.832
0.826
0.821
0.815
0.809
0.803
0.798
0.792
0.786
0.780
0.775
0.770
0.765
0.759
0.753
0.747
0.742
0.736
0.731

DEL U
(ksc)
0.054
0.038
0.063
0.059
0.069
0.072
0.063
0.076
0.075
0.051
0.064
0.081
0.077
0.052
0.074
0.070
0.094
0.093
0.066
0.080
0.088
0.086
0.139
0.081
0.088
0.088
0.068
0.092
0.089
0.107
0.096
0.040
0.101
0.092
0.089
0.147
0.101
0.102
0.104
0.120
0.094
0.108
0.026
0.125
0.120
0.128
0.094
0.135
0.152
0.136
0.145
0.144
0.130
0.151
0.181
0.147

12.683
14.945
7.788
7.958
7.195
7.153

10.243
8.315
7.281
11.052
10.193
5.750
8.601
9.572
6.829
6.958
5.989
6.163
8.327
7.428
5.291
6.968
3.801
5.772
6.150
5.798
7.056
6.511
4.552
3.263
3.925

11.958
5.437
6.276
5.449
2.893
5.680
4.651
2.581
1.868
4.763
4.236

19.368
2.297
3.551
3.387
5.344
3.095
2.565
2.045
2.980
2.372
4.062
2.219
2.059
2.097

10.583
15.193
9.008
9.669
8.159
7.745
8.790
7.302
7.320
10.736
8.482
6.619
6.947
10.005
7.043
7.381
5.482
5.527
7.743
6.292
5.684
5.773
3.572
6.094
5.576
5.512
7.160
5.231
5.383
4.446
4.921

11.692
4.626
5.022
5.187
3.112
4.501
4.415
4.308
3.705
4.690
4.072
16.926
3.476
3.593
3.364
4.520
3.131
2.764
3.072
2.861
2.864
3.162
2.696
2.244
2.742

42.477
11.777
20.260
17.478
19.278
18.825
16.803
18.310
27.389
20.301
22.381
19.940
29.291
18.742
30.992
18.279
33.143
36.409
33.122
38.478
32.776
39.441
47.687
39.659
37.459
56.873
40.329
52.016
52.347
55.932
76.677
48.891
62.063
74.480
47.835
93.041
86.245
80.146
86.837
92.579
79.820

131.707
74.882
94.551
114.893
113.891
116.636
147.165
138.112
130.314
155.093
134.637
172.162
147.875
217.177
167.751

0.047
0.031
0.050
0.043
0.049
0.050
0.042
0.048
0.047
0.030
0.036
0.044
0.040
0.025
0.033
0.031
0.040
0.038
0.026
0.030
0.032
0.030
0.046
0.026
0.027
0.027
0.020
0.026
0.024
0.028
0.024
0.010
0.023
0.020
0.019
0.030
0.020
0.019
0.019
0.021
0.016
0.017

-0.004
0.018
0.017
0.017
0.012
0.017
0.018
0.016
0.016
0.015
0.013
0.015
0.017
0.013
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V.E.STS VOID DEL UTIME
(secs)
14335
14935
15535
16135
16735
17335
17935
18535
19135
19735
20335
20935
21535
22135
22735
23335
23935
24535
25135
25735
26335
26935
27535
28135
28735
29335
29935
30535
31135
31735
32335
32935

DEL K TOT. K
(*10 cm/(*10 cm/s)

STRAIN

(X)
-21.935
-21.795
-21.692
-21.556
-21.466
-21.333
-21.226
-21.139

-20.995
-20.911
-20.848
-20.718
-20.619

-20.517

-20.453

-20.424
-20.332
-20.315
-20.291
-20.251
-20.208
-20.136
-20.124
-20.081
-20.053
-20.023
-20.008
-20.009
-19.979
-20.000
-19.983

-19.959

CELL
(ksc)
2.028
2.028
2.028
2.028
2.027
2.027
2.027
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.028
2.027
2.027
2.027
2.028
2.028
2.027
2.027
2.027
2.027
2.027

D Ub/Ov
(ksc)

V.STS
(ksc)
2.201
2.002
1.812
1.648
1.494
1.357
1.226
1.117
1.016
0.953
0.888
0.789
0.746
0.735
0.723
0.684
0.680
0.663
0.644
0.642
0.647
0.639
0.629
0.625
0.620
0.626
0.622
0.620
0.617
0.611
0.605
0.549

PORE P
(ksc)
1.881
1.875
1.873
1.876
1.872
1.877
1.869
1.877
1.884
1.909
1.873
1.898
1.924
1.967
1.983
1.980
1.996
2.006
2.008
2.027
2.039
2.042
2.074
2.042
2.048
2.060
2.059
2.060
2.062
2.061
2.057
2.023

(ksc)
2.299
2.104
1.914
1.749
1.597
1.458
1.332
1.218
1.112
1.032
0.991
0.875
0.815
0.775
0.753
0.716
0.701
0.677
0.657
0.642
0.640
0.630
0.597
0.615
0.606
0.605
0.601
0.598
0.594
0.589
0.585
0.552

RATIO,e (ksc)
0.672 -0.147
0.675 -0.153
0.678 -0.154
0.681 -0.152
0.683 -0.156
0.685 -0.150
0.688 -0.158
0.690 -0.151
0.693 -0.144
0.694 -0.118
0.696 -0.155
0.699 -0.130
0.701 -0.104
0.703 -0.060
0.704 -0.045
0.705 -0.048
0.707 -0.032
0.707 -0.021
0.708 -0.020
0.709 -0.000
0.709 0.012
0.711 0.014
0.711 0.047
0.712 0.015
0.713 0.021
0.713 0.032
0.714 0.031
0.714 0.032
0.714 0.035
0.714 0.034
0.714 0.030
0.715 -0.004

2.417
2.475
1.816
2.444
1.590
2.441
1.846
1.598
2.770
1.965
1.137
2.801
2.646
4.749
4.003
1.671
8.009
2.202
3.466

302.681
-10.468
-14.597

-0.725
-8.156
-3.868
-2.618
-1.409
0.106
-2.410
1.730
-1.623
15.351

-2.554
-2.465
-2.454
-2.498
-2.446
-2.544
-2.416
-2.542
-2.673
-3.261
-2.499
-2.991
-3.732
-6.451
-8.656
-8.078

-12.127
-18.411

-19.670

-1055.795
34.028
28.112

8.376
26.388
18.907
12.420
12.610
12.177
11.148
11.650
13.379

-90.161

140.187
183.996
121.700
167.599
104.835
118.149
131.093
73.460
94.926
65.119
89.155
60.524
39.329
33.849
128.862
16.438
145.358
80.377
38.958
4.998

13.937
268.566
-42.181
31.559
6.326
22.891

-226.628
15.358

-23.846
19.867

140.074
2.767

-0.067
-0.076
-0.085
-0.092
-0.104
-0.111
-0.129
-0.135
-0.142
-0.124
-0.174
-0.164
-0.140
-0.082
-0.062
-0.071
-0.048
-0.032
-0.031
-0.001
0.018
0.022
0.075
0.024
0.034
0.051
0.050
0.052
0.057
0.055
0.049

-0.008
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CONSOLIDATION AT CONSTANT RATE OF STRAIN
MIT GEOTECHNICAL LAB

File Name: CRS08.PRN

1. Test Name:
2. Date:

CRS 08
5/30/89

3. Initial Height of Sample (cm): 2.08
4. Initial Water Content of Sample (%): 39.59

Area of Sample (sq cm): 31.64
DCDT
Zero: 0.291
CF: -1.8526 cm/V/V

8. Vertical Load Cell
Zero: 0.00009
CF: 27013.98 kg/V/V

TIME
(secs)

840
960
1080
1200
1320
1440
1560
1680
1800
1920
2040
2160
2280
2400
2520
2577
2757
2937
3117
3297
3477
3657
3837
4017
4197
4377
4557
4737
4917
5097
5277
5457
5637
5817
5997
6177

STRAIN

(X)
-0.012
-0.224
-0.411
-0.576
-0.793
-1.022
-1.218
-1.385
-1.567
-1.807
-2.019
-2.215
-2.420
-2.686
-2.949
-3.043
-3.425
-3.788
-4.188
-4.561
-4.938
-5.326
-5.720
-6.108
-6.514
-6.904
-7.294
-7.727
-8.120
-8.510
-8.887
-9.280
-9.642

-10.038
-10.390
-10.782

CELL
(ksc)
1.988
1.990
1.990
1.990
1.990
1.991
1.990
1.990
1.985
1.985
1.985
1.985
1.990
1.991
1.990
1.991
1.990
1.990
1.989
1.989
1.989
1.988
1.986
1.982
1.984
1.984
1.983
1.983
1.983
1.983
1.983
1.980
1.980
1.980
1.980
1.980

V.STS
(ksc)
0.225
0.323
0.438
0.537
0.637
0.736
0.836
0.941
1.036
1.129
1.213
1.296
1.368
1.438
1.505
1.531
1.623
1.712
1.799
1.886
1.964
2.047
2.140
2.231
2.326
2.414
2.501
2.591
2.691
2.791
2.896
3.008
3.133
3.255
3.375
3.510

7. Cell Pressure
Zero: -0.00009
CF: 705.735 ksc/V/V

9. Pore Pressure
Zero: -0.0010
CF: 965.359 ksc/V/V

PORE P
(ksc)
2.150
2.217
2.275
2.299
2.304
2.311
2.310
2.307
2.307
2.312
2.312
2.316
2.327
2.334
2.350
2.348
2.368
2.389
2.405
2.443
2.468
2.494
2.526
2.551
2.572
2.610
2.624
2.643
2.667
2.688
2.698
2.707
2.728
2.737
2.754
2.775

V.E.STS VOID
(ksc)
0.117
0.172
0.247
0.330
0.428
0.523
0.623
0.730
0.821
0.911
0.995
1.075
1.143
1.209
1.265
1.293
1.370
1.446
1.522
1.583
1.645
1.709
1.780
1.853
1.934
1.997
2.073
2.151
2.234
2.320
2.419
2.523
2.634
2.750
2.858
2.980

RATIO,e
1.102
1.097
1.093
1.090
1.085
1.081
1.076
1.073
1.069
1.064
1.060
1.056
1.051
1.046
1.040
1.038
1.030
1.022
1.014
1.006
0.998
0.990
0.982
0.974
0.965
0.957
0.949
0.940
0.931
0.923
0.915
0.907
0.899
0.891
0.884
0.875

DEL U
(ksc)
0.162
0.227
0.286
0.309
0.314
0.320
0.320
0.317
0.323
0.328
0.327
0.332
0.337
0.343
0.360
0.357
0.379
0.399
0.416
0.455
0.479
0.506
0.540
0.568
0.589
0.627
0.642
0.660
0.685
0.705
0.715
0.727
0.748
0.757
0.774
0.795

DEL K TOT. K
(*10 cm/(*1O cm/s)
23.331
16.689
11.737
9.507
12.220
12.621
10.763
9.260
9.818
12.777
11.203
10.187
10.436
13.245
12.399
9.419
11.295
10.135
10.589
8.983
8.541
8.258
7.805
7.235
7.245
6.480
6.275
6.713
5.815
5.566
5.272
5.344
4.746
5.082
4.386
4.718

27.010
19.141
15.164
13.958
13.671
13.355
13.315
13.389
13.112
12.859
12.824
12.589
12.341
12.048
11.435
11.510
10.763
10.133
9.634
8.753
8.239
7.732
7.190
6.776
6.486
6.042
5.851
5.635
5.384
5.186
5.072
4.944
4.769
4.668
4.531
4.374

D
(ksc)
25.944
40.129
50.394
44.908
41.551
50.940
64.008
50.331
37.190
40.044
40.472
33.280
24.718
21.346
30.067
20.212
20.933
18.815
16.344
16.534
16.547
17.939
18.750
20.064
16.055
19.529
18.077
21.151
22.140
26.203
26.352
30.788
29.173
30.880
31.110
32.308

Ub/Ov

0.719
0.702
0.653
0.576
0.493
0.435
0.383
0.337
0.311
0.290
0.269
0.256
0.246
0.239
0.239
0.233
0.233
0.233
0.231
0.241
0.244
0.247
0.252
0.255
0.253
0.259
0.257
0.255
0.255
0.253
0.247
0.242
0.239
0.233
0.229
0.226

___ ____
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TIME STRAIN
(secs) (X)
6357 -11.165
6537 -11.533
6717 -11.886
6897 -12.248
7077 -12.641
7257 -12.979
7437 -13.361
7617 -13.743
7797 -14.102
7977 -14.455
8157 -14.816
8337 -15.180
8517 -15.541
8697 -15.904
8877 -16.262
9057 -16.623
9237 -16.977
9417 -17.337
9597 -17.695
9777 -18.045
9957 -18.391
10137 -18.721
10317 -19.068
10497 -19.392
10677 -19.726
10857 -20.053
11037 -20.373
11217 -20.663
11397 -20.963
11577 -21.249
11757 -21.562
11937 -21.888
12117 -22.198
12297 -22.495
12477 -22.783
12657 -23.075
12837 -23.334
13017 -23.596
13197 -23.890
13377 -24.183
13557 -24.470
13737 -24.759
13802. -24.848

0 -24.956
120 -25.023
240 -25.358
360 -25.460
300 -25.656
600 -25.753
688 -25.777
1588 -25.928
2488 -26.017
3388 -26.076
4288 -26.121
5188 -26.156
6088 -26.189

CELL V.STS
(ksc) (ksc)
1.980 3.645
1.980 3.793
1.980 3.951
1.980 4.101
1.979 4.233
1.979 4.452
1.979 4.617
1.979 4.812
1.975 5.015
1.978 5.225
1.976 5.455
1.978 5.692
1.976 5.950
1.976 6.227
1.976 6.491
1.976 6.780
1.977 7.088
1.977 7.392
1.977 7.695
1.977 8.045
1.977 8.388
1.977 8.732
1.977 9.105
1.977 9.495
1.977 9.903
1.977 10.335
1.977 10.770
1.977 11.227
1.977 11.710
1.978 12.205
1.977 12.727
1.978 13.268
1.978 13.817
1.977 14.382
1.977 14.985
1.977 15.589
1.978 16.231
1.978 16.908
1.978 17.603
1.978 18.330
1.978 19.095
1.978 19.899
1.978 20.202
1.977 19.475
1.979 19.337
1.983 20.346
1.983 20.260
1.983 20.212
1.983 20.160
1.983 20.076
1.983 20.090
1.983 20.031
1.983 20.167
1.983 20.039
1.983 20.016
1.983 20.061

PORE P
(ksc)
2.791
2.806
2.829
2.852
2.825
2.894
2.905
2.931
2.949
2.959
2.969
2.982
3.015
3.060
3.080
3.109
3.137
3.158
3.174
3.221
3.255
3.273
3.301
3.325
3.349
3.385
3.420
3.448
3.489
3.517
3.547
3.591
3.630
3.666
3.708
3.726
3.762
3.811
3.851
3.892
3.950
4.005
4.024
3.130
2.832
3.478
3.108
2.642
2.429
2.329
2.149
2.072
2.063
2.028
2.020
2.011

V.E.STS VOID
(ksc)
3.104
3.242
3.385
3.520
3.669
3.842
3.999
4.178
4.366
4.571
4.793
5.023
5.257
5.505
5.755
6.025
6.315
6.604
6.897
7.215
7.536
7.868
8.222
8.596
8.987
9.396
9.807
10.246
10.702
11.180
11.680
12.192
12.715
13.256
13.831
14.423
15.042
15.686
16.354
17.054
17.780
18.548
18.839
18.707
18.769
19.350
19.510
19.772
19.863
19.845
19.980
19.972
20.114
20.009
19.992
20.043

RATIO,e
0.867
0.860
0.852
0.845
0.836
0.829
0.821
0.813
0.806
0.798
0.791
0.783
0.775
0.768
0.760
0.753
0.745
0.738
0.730
0.723
0.715
0.709
0.701
0.694
0.687
0.681
0.674
0.668
0.661
0.655
0.649
0.642
0.635
0.629
0.623
0.617
0.612
0.606
0.600
0.594
0.588
0.582
0.580
0.577
0.576
0.569
0.567
0.563
0.561
0.560
0.557
0.555
0.554
0.553
0.552
0.552

DEL K TOT. K
(*10 cm/(*10 cm/s)

DEL U
(ksc)
0.811
0.826
0.849
0.872
0.846
0.915
0.926
0.952
0.974
0.981
0.993
1.005
1.039
1.083
1.104
1.133
1.160
1.181
1.197
1.245
1.279
1.296
1.324
1.349
1.373
1.408
1.444
1.471
1.512
1.539
1.570
1.613
1.652
1.690
1.731
1.750
1.784
1.833
1.873
1.914
1.972
2.027
2.045
1.153
0.853
1.494
1.125
0.659
0.446
0.346
0.166
0.089
0.080
0.045
0.036
0.028

4.479
4.199
3.879
3.844
4.254
3.366
3.718
3.591
3.262,
3.170
3.170
3.127
2.985
2.847
2.733
2.663
2.525
2.502
2.437
2.268
2.171
2.019
2.060
1.877
1.883
1.786
1.687
1.492
1.488
1.386
1.477
1.482
1.361
1.271
1.190
1.187
1.028
1.001
1.094
1.056
0.996
0.972
0.808

********

0.795
2.248
0.912

155.123
0.868
0.946
1.199
1.309
0.983
1.310
1.271
1.531

D Ub/Ov
(ksc)

4.249
4.141
3.994
3.859
3.940
3.615
3.541
3.414
3.309
3.258
3.193
3.128
3.000
2.851
2.775
2.680
2.595
2.527
2.472
2.357
2.275
2.226
2.160
2.105
2.050
1.983
1.918
1.869
1.804
1.761
1.712
1.652
1.600
1.553
1.505
1.477
1.439
1.391
1.351
1.312
1.263
1.220
1.206
2.134
2.879
1.628
2.158
3.663
5.403
6.960
14.462
26.879
29.870
53.526
65.745
84.764

n

37.486
40.386
37.184
38.015
51.246
41.194
46.651
52.520
58.018
61.433
63.212
64.897
68.274
69.785
74.780
82.014
80.466
81.721
90.931
92.400
100.751
102.356
115.357
117.149
124.749
128.632
151.316
151.990
167.031
159.638
156.878
169.361
181.489
200.174
202.520
238.320
246.483
226.714
239.225
253.413
264.995
327.059
-122.146
92.591

173.714
156.398
134.063
93.568
-73.882
89.008
-8.902

238.164
-235.448

-50.997
155.850
627.936

0.223
0.218
0.215
0.213
0.200
0.205
0.201
0.198
0.194
0.188
0.182
0.176
0.175
0.174
0.170
0.167
0.164
0.160
0.156
0.155
0.152
0.148
0.145
0.142
0.139
0.136
0.134
0.131
0.129
0.126
0.123
0.122
0.120
0.117
0.116
0.112
0.110
0.108
0.106
0.104
0.103
0.102
0.101
0.059
0.044
0.073
0.056
0.033
0.022
0.017
0.008
0.004
0.004
0.002
0.002
0.001
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0.6

Test Batch

DSS14 207
DSS18 207
DSS22 207

DSS25 207

DSS31 205

0.6 -

-

-

0.8

Normalized Vertical Effective Stress, o' v/ o' vc

Figure 6.1: Normalized Stress Paths from CKoUDSS Tests on Normally Consolidated
Boston Blue Clay.
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