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ABSTRACT 

Results of consolidated-undrained plane strain active 

(c^lf = ovf) and passive (°^£ = ahf^ ^es^s are reported on 

K consolidated samples of resedimented Boston Blue Clay 
o 

at overconsolidation ratios of one, two, and four. The 

plane strain equipment, developed at M.I.T., uses a sample 

with dimensions 3.5 in. high by 3.5 in. wide by 1.4 in. deep. 

The vertical and horizontal stresses can be independently 

varied. The magnitude of the cell pressure during consoli¬ 

dation yields values of Kq and pressure transducers in the 

fixed end platens yield values of Kq and o2. The apparatus 

gives reliable stress-strain data for active tests; for 

passive tests the data become unreliable beyond 3+1 per 

cent axial strain due to various sources of "friction" and 

due to necking. However, a failure criteria based on the 

maximum obliquity of principal stresses gave fairly reliable 

undrained strength parameters for passive conditions. 

The active and passive test data show that Boston 

Blue Clay has highly anisotropic undrained strength pro¬ 

perties. For normally consolidated clay, su/”vc = 0.34 and 

0.19 for active and passive conditions; the corresponding 

ratios at an OCR of four are 0.95 and 0.67. These strength 

ratios have been verified by undrained model footing bearing 

capacity tests. A comparison of plane strain and triaxial 

test data shows that CKoU triaxial compression tests yield 

results very similar to those obtained by the active tests. 

However, CK U triaxial extension tests will underestimate 
o 

the undrained passive strength. 
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FOREWORD 

The work described in this report was performed 

under Contract No. DA-22-079-eng-457 entitled, "Research 

Studies in the Field of Earth Physics" between the V.S. 

Army Engineer Waterways Experiment Station and the 

Massachusetts Institute of Technology. This research is 

sponsored by the O.S. Army Materiel Command, Project No. 

1-V-0-14501-B-52A-01, and by the Office, Chief of Engineers, 

Directorate of Military Engineering, Project 4A061102B52E. 

This contract was monitored at the Waterways Experiment 

Station by Messrs. W.E. Strohm, Jr., Engineering Studies 

Section, and B.N. Maclver, Laboratory Research Section, 

under the general supervision of Mr. J.R. Compton, Chief, 

Embankment and Foundation Branch. Messrs. W.J. Turnbull 

(retired) and J.P. Sale were Chiefs, Soils Division, and 

Mr. Maxwell (deceased) was Assistant Chief, Soils Division 

during the contract period. Contracting Officers were 

COL Alex G. Sutton, Jr., CE, COL John R. Oswalt, Jr., CE, 

and COL Levi A. Brown, CE. 

The general objective of Research in Earth Physics 

is the development of a fundamental understanding of the 

behavior of particulate systems, especially cohesive soils, 

under varying conditions of stress and environment. Work 

on the project, initiated in May 1962, has been carried out 

in the Soil Mechanics Division of the Civil Engineering 

Department under the supervision of Dr. Charles C. Ladd, 

Professor of Civil Engineering. 

This report presents only one portion of the overall 

research conducted under the contract. Phases that were 
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under investigation are: 

1. In Situ Strength and Compression Properties of 

Natural Clays 

(a) Effects of stress-system variables (anisotropic 

consolidation, intermediate principal stress, 

rotation of principal planes) on stress-strain 

behavior of clays during drained and undrained 

shear. 

(b) Effects of sample disturbance (i.e. excessive 

shear strains) on the undrained strength, stress- 

strain modulus, and one-dimensional compression 

behavior of natural clays. 

(c) Correlation of predicted versus observed behavior 

via model loading tests and field measurements. 

2. Influence of Environment on Strength and Compression 

Properties of granular systems 

(a) Fundamental friction properties of granular systems. 

3. The Structure of Clay 

(a) Fabric of kaolinite 

Many of the above topics complement and/or draw information 

from other research projects in the Soil Mechanics Division. 

The data presented in this report were obtained through 

the efforts of many persons. Mr. Joseph W. Dickey, former 

Research Assistant, designed and assembled the prototype 

plane strain device and performed the first tests on Boston 

Blue Clay during 1966-1967. Mr. Joseph J. Rixner, former 

Research Assistant, carried on the experimental program 

during 1967-1968 and, with Mr. Dickey, developed the 
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"production” model apparatus. Mr. Richard B. Bovee, 

former Research Assistant, then spent two years evaluating 

and modifying the equipment and test procedures, he also 

performed most of the passive tests and assisted in pre¬ 

paration of this report. Dr. Edward B. Kinner, former 

Research Assistant, aided in analysis of the data. Finally, 

Mr. Lewis Edgers, Research Assistant, performed some check 

tests and helped prepare this report. 

This report constitutes work on Item b of Article 1 

of the forementioned Contract No. DA-22-079-eng 457. 

Pertinent reports under Research in Earth Physics are: 

1. "Research in Earth Physics, Progress Report for the 

Period June 1962 - December 1962," Department 

of Civil Engineering Publication R63-9, M.I.T., 

February 1963. 

2. Ladd, C.C., "Stress-Strain Behavior of Saturated Clay 

and Basic Strength Principles," Phase Report No. 1, 

Part 1, Department of Civil Engineering, Publication 

R64-17, M.I.T., April, 1964. 

3. Bromwell, L.G., "Adsorption and Friction Behavior of 

Minerals in Vacuum," Phase Report No. 2, Department 

of Civil Engineering Publication R64-42, M.I.T., 

March, 1965. 

4. Bailey, W.A., "The Effects of Salt on the Consolidation 

Behavior of Saturated Remolded Clays,” Phase Report 

No. 3, Department of Civil Engineering Publication 

R65-19, M.I.T., May, 1965. 
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5. Ladd, C.C. and J. Varallyay, "The Influence of Stress 

System on the Behavior of Saturated Clays during 

Undrained Shear," Phase Report No. 1, Part II, 

Department of Civil Engineering Publication R65-11, 

M.I.T., July, 1965. 

6. Martin, R.T., "Quantitative Fabric of Consolidated 

Kaolinite," Phase Report No. 4, Department of Civil 

Engineering Publication P.65-47, M.I.T., September, 

1965. 

7. Ladd, R.S., "Use of Electrical Pressure Transducers 

to Measure Soil Pressure," Phase Report No. 5, 

Department of Civil Engineering Publication R65-48, 

M.I.T., September, 1965. 

8. Ladd, C.C. and W.B. Preston, "On the Secondary Com¬ 

pression of Saturated Clays," Phase Report No. 6, 

Department of Civil Engineering Publication R65-59, 

M.I.T., December, 1965. 

9. Bromwell, L.G., "The Friction of Quartz in High Vacuum, 

Phase Report No. 7, Department of Civil Engineering 

Publication R66-18, M.I.T., May, 1966. 

10. Ladd, C.C. and E.B. Kinner, "The Strength of Clays at 

Low Effective Stress," Phase Report No. 8, 

Department of Civil Engineering Publication R67-4, 

M.I.T., January, 1967. 
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11. Ladd, C.C. and R.T. Martin, "The Effects of Pore Fluid 

on the Undrained Strength of Kaolinite," Phase Report 

No. 9, Department of Civil Engineering Publication 

R67-15, M.I.T., March, 1967. 

12. Dickey, J.W., C.C. Ladd and J.J. Rixner, "A Plane 

Strain Shear Device for Testing Clays", Phase Report 

No. 10, Department of Civil Engineering Publication 

R68-3, Soils Publication 237, M.I.T., January, 1968. 

13. Martin, R.T. and C.C. Ladd, "Fabric of Consolidated 

Kaolinite", Phase Report No. 11, Department of Civil 

Engineering Publication R70-15, Soils Publication 254, 

M.I.T., February, 1970. 

14. Bovee, R.B. and C.C. Ladd, "M.I.T. Plane Strain Shear 

Device", Phase Report No. 12, Department of Civil 

Engineering Publication R70-24, Soils Publication 

257, M.I.T., July 1970. 

15. Kinner, E.B. and C.C. Ladd, "Load-Deformation Behavior 

of Saturated Clays during Undrained Shear", Phase 

Report No. 13, Department of Civil Engineering 

Publication R70-27, Soils Publication 259, M.I.T., 

May 1970. 
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1. INTRODUCTION 

1.1 BACKGROUND 

Stability analyses based on undrained shear strengths 

are generally required for the design of structures placed 

on soft clay deposits. In many instances, the determination 

of undrained strengths by conventional procedures, such as 

via field vane tests or unconfined compression tests on 

"undisturbed" samples, leads to conflicting results. 

Research in Earth Physics has been developing a new approach 

for e-stimating the in situ undrained strength and stress- 

strain behavior of saturated clays. This approach employs 

consolidated-undrained (CU) shear tests and expresses the 

resulting stress-strain-strength data in a "normalized" 

fashion. The normalized parameters are related to the over¬ 

consolidation ratio(OCR) of the test samples. These relation¬ 

ships and a knowledge of the in situ stress history of the 

clay deposit are then used to yield estimates of the in 

situ properties. 

This approach, called SHANSEP for Stress History and 

Normalized Soil Engineering Properties, has several major 

advantages over conventional procedures: 

(1) The effects of sample disturbance are minimized. 

(2) It can study the influence of the in situ mode 

of failure. 

(3) It provides stress-strain data for finite element 

deformation analyses 

(4) The normalized parameters can be used to estimate 

changes in strength and deformation properties 

with in situ consolidation and rebound. 

-15- 



One of the objectives of Research 

has been the generation of a set of normalized stress- 

strain-strength data versus overoonsolidation ratio for 

variety of clays for undrained shear conditions that are 

representative of typical in situ modes of failure. 

selected for study were: 

In situ Condition 

1. Under centerline of a cir¬ 

cular footing 

2. Under centerline of a cir¬ 

cular excavation 

3. Under centerline of a 

strip loading 

4. Under centerline of a 

strip excavation 

5. Horizontal failure plane 

under stabilizing berm 

in Earth Physics 

a 

Those 

Laboratory Test 

1. Triaxial compression 

2. Triaxial extension 

3. Plane strain "active" 

4. Plane strain "passive 

5. Direct-simple shear 

Ladd and Varallyay (1965) reported the results of 

triaxial compression and extension tests on normally consoli¬ 

dated Boston Blue Clay. Phase Report No. 16 will present 

direct-simple shear data versus OCR for several clays, 

including Boston Blue Clay. This report presents the results 

of plane strain tests on Boston Blue Clay. 

M.l.T. started development of a plane strain device 

suitable for testing undisturbed samples of soft clay in 

1966. The "prototype- device and some of the preliminary 

data were described by Dickey, Ladd and Rixner (1968). 

Subsequently, a second device, called Model B, was developed. 

A detailed description of this device and the test procedures 

are presented by Bovee and Ladd (1970). 

-16- 



1.2 SCOPE 

This report presents data obtained from consolidated- 

undrained plane strain tests with pore pressure measurements 

on Boston Blue Clay. The testing program included active 

and passive tests run on Kq consolidated specimens at over¬ 

consolidation ratios of one, two and four using both the 

prototype and model B devices. Section 2 summarizes the 

test procedures and plane strain equipment. Data obtained 

during the consolidation phase of the tests are presented 

in Section 3. Undrained strength and stress-strain data are 

contained in Section 4; these data are compared to triaxial 

test data and the findings of others in Section 5. 

As pointed out in Bovee and Ladd (1970), problems have 

been experienced from various sources of "friction" in the 

plane strain devices, particularly during passive tests at 

large strains. The main body of the report presents the 

authors' interpretation of the data. However, measured 

stress-strain data are tabulated and plotted in appendices 

so that the reader is free to draw his own conclusions. 

A plane strain test involves a considerable collection 

of data and lengthy calculations. Consequently, the results 

that are presented undoubtedly contain some inconsist¬ 

encies and errors because of the difficulties in checking 

the data, especially since the tests were run over 

a period of several years with changing test equipment, 

procedures, and personnel. However, the authors believe 

that considerable data with some minor errors are prefer¬ 

able to a limited set of error free data. 
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2. TEST PROCEDURES AND EQUIPMENT 

2.1 PREPARATION AND PROPERTIES OF BOSTON BLUE CLAY 

Batches of resedimented Boston Blue Clay were prepared 

by consolidating a clay slurry using the procedures described 

m Appendix B. The procedure yields a fairly uniform source 

of clay with strength and consolidation properties similar 

to those of natural Boston Blue Clay (Ladd and Luscher, 1965). 

A slurry with a water content of 100 percent and a salt 

concentration of 16 g/1 of Nad is placed in an evacuated 

12 in. diameter consolidometer and consolidated in increments 

to 1.5 kg/cm . The consolidated cake, four to six inches 

high, is extruded and stored in transformer oil prior to 

testing. Specimens are then cut from the cake for consolidated- 

undrained tests that employed a maximum consolidation stress 
of about four kg/cm2. 

Table B-l of Appendix B summarizes the properties of 

the eleven batches that were used for testing over a three 

year period. Typical properties were: 

Batch water content = 36 i 2% 

Liquid Limit = 41 i 2% 

Plastic Limit =5 20 ± 2% 

Plasticity Index =21+3% 

The Boston Blue Clay has a specific gravity of 2.79, 

contains approximately 50 percent clay size (minus two microns) 

material, and has the following approximate mineralogical 

composition: 

Quartz 15 - 20% 

Chlorite 5% 

Illite 30 - 45% 

-18- 



2.2 PLANE STRAIN APPARATUS 

Figure 2-1 shows a photograph of the prototype and 

Model B M.I.T. plane strain devices. Both devices have 

the following features: 

(1) Sample dimensions are 3.5 by 3.5 by 1.4 in., 

thus enabling trimming from a four inch diameter 

tube. 

(2) The major principal stress may be applied in 

either the horizontal or vertical direction, 

providing both active and passive shear tests. 

(3) K0 consolidation is obtained using fixed end 

platens and removable side platens. 

(4) Values of KQ during consolidation and o2 

during shear can be measured. 

(5) Both drained and undrained tests with either 

stress or strain controlled loading are possible. 

Dickey et. al (1968) and Bovee and Ladd (1970) present 

a detailed description of the equipment and test procedures. 

This Section will summarize the main features of the apparatus. 

Pertinent test procedures are summarized in connection with 

presentation of the data. 

Figure 2-2 shows the vertical loading system used in 

both devices. During consolidation, the test specimen is 

back pressured through one of the push-pull valves attached 

to the base plate. During shear, the pore pressure is 

monitored through the other push-pull valve. 

Figure 2-3 shows the fixed end platens used in the 

prototype plane strain device. The end platens maintain KQ 

conditions during consolidation and prevent straining in 

the Oj direction during shear. The pressure plate 

and force transducer in Figure 2-3 were later replaced by 

-19- 



two flush diaphragm transducers. This provided measurement 

of at various heights. Figure 2-4 shows the removable 

side platens used by the prototype device to maintain Kq 

consolidation and provide an additional measure of 

during consolidation. 

Figure 2-5 shows the horizontal loading system used in 

the Model B device. These side platens are of the same 

design as the right side platen in the prototype device. 

The fixed end platen in the Model B device, shown in Figure 

2-6, has one flush diaphragm transducer at mid-height of the 

test specimen. Measurements of for the Model B device 

are obtained using the flush diaphragm transducer during 

consolidation and for during shear. The cell pressure at 

the end of consolidation also furnishes a measure of for 

determination of K at the end of consolidation. A top 
o 

view of the Model B device is shown in Figure 2-7. 

The letters P and B are used to denote which device 

was used for a particular plane strain tests. 

2.3 TEST PROGRAM 

Table 2-1 outlines the types of consolidated-undrained 

tests that can be run with the M.I.T. plane strain devices. 

An active test refers to shear wherein the major 

principal stress at failure acts in the in situ vertical 

direction, i.e., ^2.f= °vf an<^ °3f = Ghf* Ko ^ess t*1311 

one, a^, always acts in the vertical direction and there is 

no rotation of principal stresses during shear. A "standaro" 

test is run by strain controlled vertical loading. 

A passive test usually refers to shear wherein the major 

principal stress at failure acts in the in situ horizontal 

direction, i.e., = If Kq is less than one, the 

direction of rotates 90 degrees during shear. A "standard" 

test is run by strain controlled vertical unloading. 

-20- 



in passive tests of the type described above, the sample 

is liable to neck at large strains. This situation can be 

avoided by performing a passive test on a”horizontally" K0 

consolidated specimen. In this case, the major prrncipa 

stress at consolidation acts in the horizontal direction in 

the apparatus, which corresponds to the in situ vertical 

direction. Undrained strained controlled shear is conducted 

by increasing the vertical stress in the apparatus. In 

theory, both typer of passive tests should yield identical 

stress-strain behavior in terms of effective stresses. In 

fact, they do not because of friction along the sides of the 

sample and/or in the loading piston. 

The program of CÜ plane strain tests on Boston Blue C y 

consisted of active and passive tests run on samples with 

nominal overconsolidation ratios of one, two and four. 

Results from 23 tests, distributed as follows, are reported: 

OCR Active Passive 

5 + 1H 

1 + 2H 

2 + 2H 

The H designation for the passive tests refers to passive 

tests on horizontally consolidated specimens. 
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TYPICAL TYPES OF CON SOLIDATED-UNDRAINE D PLANE 

STRAIN SHEAR TESTS WITH THE M.I.T. DEVICE 

K Consolidation 
o_ 

"Standard" IT, = K IT ; side plates prevent 
he o vc 
lateral movement during consolidation. 

Horizontal K ã = K 5. ; sample trimmed at 
o vc o he 

90 degrees from usual direction and 

vertical height of sample maintained 

constant during consolidation. 

CK Ü Plane Strain Active Tests (CK U PSA) 
o_ o 

"Standard" Strain controlled vertical loading 

(ov increased) at constant horizontal 

stress (^0^= 0) 

Typical Variations Stress controlled vertical loading 

(ov increased) or stress controlled - 

horizontal unloading (a^ decreased). 

CÍK U Plane Strain Passive Tests (CK Ü PSP) 

"Standard" Strain controlled vertical unloading 

(ov decreased) at constant horizontal 

stress (Aoh = 0). 

Typical Variations Stress controlled vertical unloading 

(ov decreased) or stress controlled 

horizontal loading(oh increased) 

After Horizontal Strain controlled vertical loading 

Kq Consolidation (ov increased) at constant horizontal 

stress (Ao. = 0). n 

TABLE 2-1 
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3. BEHAVIOR DURING CONSOLIDATION 

3.1 INTRODUCTION 

All samples were consolidated one-dimensionally prior 

to undrained shear. The active tests and eight of the passive 

tests used "vertical K " consolidation where the major 

principal stress acted in the vertical direction, i.e. ^ic=%c’ 

Five of the passive tests employed "horizontal Ko" consoli¬ 

dation where the major principal stress acted in the 

horizontal direction, i.e. ®ic=õhc* 

For vertical consolidation, the major principal stress 

is applied via the top loading piston (Fig. 2-2). Lateral 

deformations are prevented by the fixed end platens and the 

removable side platens (Fig. 2-3 through 2-7). The side 

platens are pushed into contact with the sample at the start 

of each consolidation increment. After a few hours of 

consolidation, when most of consolidation has occurred, the 

side platens are removed in order to reduce side friction 

along the sample. Throughout the consolidation process, the 

cell pressure is varied in order to maintain, as closely as 

possible, equal volumetric and axial strains. During 

rebound, the side platens were not used so that Kq conditions 

had to depend on variations in cell pressure. 

Vertical loads were applied by lead weights placed on a 

vertical hanger (Fig. 2-1). The lateral (cell) pressure was 

obtained from a screw pump or a self-compensating mercury 

pot system. 

The following measurements were taken during consolidation: 

(1) Axial movement with a 0.0001 inch dial. 

(2) Volume change with 5 ml. burettes. 

-30- 



(3) Cell pressure with a Bourdon gage. 

(4) Horizontal stress at the end platens with a 

pressure plate (front end platen) and/or flush 

diaphragm tranducers (back end platen), as shown 

in Figs. 2-3, 2-6, and 2-7. 

(5) Horizontal stress on the side of the sample with 

a special side platen (see Fig. 2-4). 

Items (1) - (3) above were always measured. The typ^ of 

horizontal stress measurement depended on which device was 

being used and whether or not all transducers were operational. 

During horizontal Ko consolidation, the cell pressure 

equalled the major principal stress. Lateral deformation 

was prevented by the end platens and by holding the vertical 

loading piston in place. 

For normally consolidated specimens, the consolidation 

stresses equalled 0.5, 1, 2 and 4 kg/cm , after applying an 

initial stress of 0.05 - 0.2 kg/cm2. For overconsolidated 

samples, the consolidation stress was usually reduced by 

50 percent for each increment. 

Testing procedures employed during consolidation are 

presented in detail in Dickey et. al (1968) for the prototype 

device and in Bovee and Ladd (1970) for the Model B device. 

3.2 COMPRESSIBILITY 

Three types of behavior will be discussed: compression 

curves, axial versus volumetric strain, and strain versus 

time. 

3.2.1 Compression Curves 

Figures 3-1 and 3-2 present plots of axial (vertical) 

strain versus consolidation stress (log scale) from nine 
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active and nine passive tests. These compression curves 

were obtained with both the prototype and Model B devices 

by several different people over a three year period. The 

samples were taken from ten different batches, the properties 

of which are listed in Table B-l. The compression curves 

generally show a"break"near a stress of 1.5 kg/cm2, the 

final consolidation stress used to prepare the batches of 
resedimented clay. 

Figure 3-3 compares compression curves for five plane 

strain tests from batch 1200 with one-dimensional compression 

data obtained with the Geonor direct-simple shear device. 

This device achieves Ko consolidation via a wire reinforced 

rubber membrane (Bjerrum and Landva, 1966). The general 

agreement suggests that the plane strain devices yield 

reasonably good one-dimensional compression curves. 

3,2#2 Axial Versus Volumetric Strain 

If one-dimensional compression is achieved precisely, 

axial and volumetric strains are identical. Measured final' 

values of axial and volumetric strain are presented in 

Table 3-1 and Fig. 3-4.* Data obtained during individual 

increments are summarized in Table 3-2. In test A-7, the 

recorded volumetric strain was too low, perhaps because of 

an undetected leak. The final axial strain recorded for 

test P-l was questionable. Otherwise, there was either 

excellent agreement, or the measured volumetric strains 

appeared to be somewhat too large. The latter trend would 

occur if the cell pressure was too large, or if there was 

excessive friction along the ends and sides of the sample 

(this would restrain vertical movement more than horizontal 

movement). The incremental data in Table 3-2 suggest that 

the volumetric strains become larger than axial strains as 

Compression data are presented from some tests for 

which strength data are not reported, and vice versa. 
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(3) Cell pressure with a Bourdon gage. 

(4) Horizontal stress at the end platens with a 

pressure plate (front end platen) and/or flush 

diaphragm tranducers (back end platen), as shown 

in Figs. 2-3, 2-6, and 2-7. 

(5) Horizontal stress on the side of the sample with 

a special side platen (see Fig. 2-4). 

Items (1) - (3) above were always measured. The type of 

horizontal stress measurement depended on which device was 

being used and whether or not all transducers were operational. 

During horizontal K0 consolidation, the cell pressure 

equalled the major principal stress. Lateral deformation 

was prevented by the end platens and by holding the vertical 

loading piston in place. 

For normally consolidated specimens, the consolidation 

stresses equalled 0.5, 1, 2 and 4 kg/cm , after applying an 

initial stress of 0.05 - 0.2 kg/cm2. For overconsolidated 

samples, the consolidation stress was usually reduced by 

50 percent for each increment. 

Testing procedures employed during consolidation are 

presented in detail in Dickey et. al (1968) for the prototype 

device and in Bovee and Ladd (1970) for the Model B device. 

3.2 COMPRESSIBILITY 

Three types of behavior will be discusseds compression 

curves, axial versus volumetric strain, and strain versus 

time. 

3.2.1 Compression Curves 

Figures 3-1 and 3-2 present plots of axial (vertical) 

strain versus consolidation stress (log scale) from nine 
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active and nine passive tests. These compression curves 

were obtained with both the prototype and Model B devices 

by several different people over a three year period. The 

samples were taken from ten different batches, the properties 

of which are listed in Table B-l. The compression curves 

generally show a"break"near a stress of 1.5 kg/cm2, the 

final consolidation stress used to prepare the batches of 
resedimented clay. 

Figure 3-3 compares compression curves for five plane 

strain tests from batch 1200 with one-dimensional compression 

data obtained with the Geonor direct-simple shear device. 

This device achieves Ko consolidation via a wire reinforced 

rubber membrane (Bjerrum and Landva, 1966) . The general 

agreement suggests that the plane strain devices yield 

reasonably good one-dimensional compression curves. 

3*2*2 Axial Versus Volumetric Strain 

If one-dimensional compression is achieved precisely, 

axial and volumetric strains are identical. Measured final’ 

values of axial and volumetric strain are presented in 

Table 3-1 and Pig. 3-4.* Data obtained during individual 

increments are summarized in Table 3-2. In test A-7, the 

recorded volumetric strain was too low, perhaps because of 

an undetected leak. The final axial strain recorded for 

test P-1 was questionable. Otherwise, there was either 

excellent agreement, or the measured volumetric strains 

appeared to be somewhat too large. The latter trend would 

occur if the cell pressure was too large, or if there was 

excessive friction along the ends and sides of the sample 

(this would restrain vertical movement more than horizontal 

movement). The incremental data in Table 3-2 suggest that 

the volumetric strains become larger than axial strains as 

Compression data are presented from some tests for 

which strength data are not reported, and vice versa. 
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the consolidation stress increases. This behavior is 

consistant with the effects of end and side friction. 

It is concluded, however, that the device yields a 

reasonable approximation of one-dimensional consolidation. 

It should also be pointed out that the consolidation pro¬ 

cedure is far easier and more rapid than is possible with 

a conventional triaxial cell where KQ consolidation must 

occur in very small increments in order not to cause excessive 

undrained shear strains. 

3.2.3 Strains During Consolidation 

Figures C-l through C-14 in Appendix C present plots 

of changes in sample volume and height versus log time from 

six active and eight passive tests. A volume change of two 

cubic centimeters corresponds to an axial movement of 

0.025 in. for zero lateral strain. The scales are such that 

the volume and height change curves should theoretically be 

identical. The agreement is, in fact, generally fairly good 

for the tests having the larger test numbers since the test 

procedures and absence of leaks improved with time. 

3.3 HORIZONTAL STRESSES 

3.3.1 Types of Measurements 

Measurements of horizontal stress were made in a 

variety of ways, as summarized over: 
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Location 

Side 

Side 

Front End 

Platen 

Back End 

Platen 

Method (Figure No.) 

Applied cell pressure (2-4r 

2-5) 

Force transducer on left 

side platen (2-4) 

Pressure plate and force 

transducer (2-3) 

Remarks 

Both devices 

Prototype only 

Prototype only; 

later replaced by 

1 or 2 pressure 

transducers 

Pressure transducer at Both devices 

one or two heights 

The prototype device contained several methods in order to 

investigate the reliability of alternate schemes. After 

concluding that the end platen pressure transducers yielded 

data as reliable as that from the more complicated schemes, 

this method was adopted for the Model B device. 

A consolidation increment contains the following steps 

(see Bovee and Ladd, 1970): 

(1) Close all drainage lines 

(2) Push side platens into contact with the sides of the 

specimen (butts against the end platens) 

(3) Increase cell pressure, oc, and vertical stress, ov 

(via dead weights on the hanger) by equal amounts to 

the desired level. 

(4) Take readings and open drainage lines 

(5) Vary cell pressure so that axial and volumetric strains 

are equal. 

(6) After several hours, release the side platens and 

continue to vary the cell pressure. 
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The side platens prevent a lateral bulging. But since 

the cell pressure can act between the sample and the side 

platens, it has to be reduced in order to prevent a lateral 

contraction. In other words, KQ consolidation can be achieved 

if the cell pressure is too low, but not if the cell pressure 

is too high. 

3.3.2 Initial Values 

For one-dimensional loading of a saturated sample, 

Ac = Ac. = Au. Table 3-3 presents measured values of 
V h 

Aoh/Aov from increments during several tests with the proto¬ 

type device. The values of Ao^ were measured by the end 

platen pressure plate and pressure transducers. The values 

of Aov were based on the applied load adjusted for filter 

paper, membrane and piston friction corrections (see Bovee 

and Ladd, 1970). 

During loading, Ac^/Acv generally fell within 10 per 

cent of unity. The few very high values probably resulted 

from an additional horizontal load that occurred when the 

side platens were forced into position (the height of the 

sample increased during the application of these increments). 

Values of Ac./Ac , less than unity would be caused by 

incomplete saturation, compliance in the system (i.e. lateral 

strain), and friction. 

During unloading, the decrease in ch was only 50 to 75 

percent of the decrease in c^. The discrepancy is due to the 

fact that the cell pressure was seldom decreased by as much 

as the vertical stress. 

3.3.3 Variation with Time 

Figures C-15 through C-28 in Appendix C present plots 

of total horizontal stress versus log time during the 
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consolidation increments. Values of ah measured at the end 

platens generally fell below that measured by the side 

platen force transducer. Because of friction along the side 

platens and difficulties in maintaining a cell pressure 

exactly corresponding to Kq conditions, these data are 

probably not very significant. 

3.3.4 Values of K 
o 

Values of Kq measured by the various methods are 

tabulated in Table 3-4(a) and (b). The data are for the end 

of individual consolidation increments at stresses greater 

that the batch consolidation stress of 1.5 kg/cm2. 

Figure 3-5 shows the variation in K with type of 

measurement and consolidation stress for normally consolidated 

samples. There is more scatter than desirable. Moreover, 

there is a significant difference in average values, as 

shown below: 

Measured By 

1. Cell Pressure 

2. Side Platen 

3. Front End Pressure 

Plate 

4. Back End Pressure 

Transducers 

Mean Ko Standard Deviation 

0.53 0.03 

0.50 0.025 

0.45 

0.47 0.05 

R. Ladd (1965) measured Kq = 0.48 on resedimented Boston 

Blue Clay using a square oedometer with a pressure transducer 

inserted into one of the vertical faces. 

The cell pressure generally yielded the highest values 

of Ko. The fact that volumetric strains often exceeded axial 
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strains by a slight amount during consolidation (see Table 

3-2) suggests that the applied cell pressures may have been 

too large. Thus the corresponding values of KQ would be 

too large. 

The side platen assembly generally yielded fairly con¬ 

sistant values of Kq that are judged to be quite reliable. 

However, this procedure is complicated to use. 

The front end pressure plate gave fairly erratic 

results that appear to be on the low side. In any case, 

this procedure offers little advantage over the simpler 

pressure transducers. 

The end platen pressure transducer yielded average 

results that are judged to be somewhat low and they exhibited 

considerable scatter. A brief study of the influence of 

transducer location did not yield any consistent pattern of 

variation in KQ with the height of the transducer. 

K data for rebounded samples are presented in Figure 

3-6. The relationship obtained by R. Ladd (1965), which 

is considered to be reliable, is shown for comparison. 

It appears that most of the measurement techniques yielded 

values of K0 that are too low, often by a considerable 

amount. The reasons for the large discrepancies are not 

known. 

It is tentatively concluded that: 

(1) The cell pressure a i yield reasonably reliable values 

of K if one very carefully maintains volumetric 
o 

strains equal to axial strains. 

(2) Pressure transducers inserted in the end platens will 

frequently give erratic results. Thus many measurements 
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are required. Average values appear to be only slightly 

low in the normally consolidated range, but much too 

low at increasing overconsolidation ratios. 

3.4 PORE PRESSURE RESPONSE 

At the conclusion of the final consolidation increment 

and prior to undrained shear, the pore pressure response was 

checked. This consisted of measuring Skempton's B parameter 

for an increased total stress of one kg/cm2. The results are 

summarized in Table 3-5. 

During the initial phases of testing, B was measured 

by increasing the cell pressure while "restraining" the top 

loading piston (denoted by TPR in Table 3-5). The resulting 

values of B generally equalled 80 i 10 per cent. These 

values are too low because some vertical strain did in fact 

occur. Thus the vertical stress did not increase as much 

as the cell pressure. Moreover, there was probably some 

movement in the direction. In other words, the sample did 

not experience a uniform increase in total pressure and, 

therefore, the pore pressure response was less than unity 

even though the sample may have been saturated. 

After noting the above improper procedure, both the 

vertical stress and the cell pressure were increased by 

like amounts during measurements of the pore pressure 

response (denoted by IVS in Table 3-5). The resulting values 

of B equalled 96+4 per cent, indicating a high degree of 

saturation for back pressures generally ranging from two 

to three kg/cm2. 
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TOTAL AXIAL AND VOLUMETRIC 

STRAINS AFTER FINAL CONSOLIDATION 

Test 
No. 

Back 

Pressure 
(kg/cm2) 

Axial 

Strain 
AH/Ho(%) 

(1) 
Volumetric 

Strain 

Vo m 

(2) 
Final 

<íg/cn,’)0CR 
Device 

(3) 

(5) 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-10 

A-11 

P-l 

P-2 

P-3 

P-4H 

P-9H 

P-10 

P-ll 

P-12H 

P-17H 

(5) 

1.0 

1.5 

1.5 

1.5 

3.0 

3.0 

3.0 

2.0 

2.0 

2.0 

2.0 

1.0 

1.0 

2.0 

3.0 

2.5 

2.0 

2.0 

2.0 

7.57 

5.83 

9.51 

7.28 

9.76 

5.19 

7.73 

7.89 

9.24 

6.60 

13.51 

9.53 

10.68 

(4) 

(4) 

10.97 

8.54 

(4) 

(4) 

(7) 

7.55 

9.57 

(6) 

11.79 

2.95 

8.65 

8.39 

9.52 

9.41 

10.80 

10.39 

(6) 

9.29 

9.96 

10.90 

9.51 

8.88 

6.94 

(8) 

3.62 

3.82 

3.88 

0.73 

3.80 

1.46 

1.96 

2.00 

3.96 

3.95 

4.51 

3.85 

0.91 

4.03 

2.09 

3.98 

3.97 

1.01 

2.00 

1.0 

1.0 

1.0 

3.9 

1.0 

4.1 

2.0 

2.0 

1.0 

1.0 

1.0 

1.0 

4.2 

1.0 

2.0 

1.0 

1.0 

4.0 

2.0 

P 

P 

P 

P 

P 

P 

P 

B 

B 

B 

P 

P 

P 

P 

P 

B 

B 

B 

B 

(1) From Dial Readings 

(2) From Burette Readings 

(3) P = Prototype, R = Model B 
(4) Horizontal K Consolidation 

(5) Strains Recorded for final set up only 

(6) Leakage in drainage line known to have occurred 

(7) Questionable strain reading for last increment 

(8) Discrepancy occurred during first increment where 
AH/Ho = 0.2% and AV/Vo = 2.6% 
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INCREMENTAL VALUES OF 

AXIAL AND VOLUMETRIC STRAINS 

Final 3 (1) 
vc 

(kg/cm2) 

AH/Ho % AV/Vo % 

Average Range Number 
of Tests 

Average Range Number 
of Tests 

1.0 

2.0 

4.0 

4.0 -»1.0 

2.0 -»1.0 

1.83 

2.14 

3.29 

-0.41 

-0.64 

1.04 - 
3.38 

1.50 - 
2.41 

1.16 - 
4.63 

-0.40 
-0.42 

11 

12 

10 

2 

1 

1.58 

2.32 

3.89 

-0.38 

-1.25 

0.83 - 
4.40 

1.33 - 
3.37 

1.93 - 
5.12 

-0.31 - 
-0.44 

-1.08 
-1.42 

14 

16 

12 

5 

2 

(1) Nominal values 

TABLE 3-2 
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MEASURED CHANGES IN INITIAL TOTAL 

HORIZONTAL STRESS WITH 

PROTOTYPE DEVICE 
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VALUES OF K 
o 

Test No. 
(Device) 

ö 
VC 

kg/cm2 

OCR K Measured By 
o 

Cell 
Pressure 

Side 
Platen 

Front 
End 
Pressure 
Plate 

Front 
End 
Pressure 
Trans¬ 
ducer 

Back 
End 
Pressure 
Trans¬ 
ducer 

A-2 

(P) 

1.91 

3.86 

1.0 

1.0 0.49 

0.47 0.35 

0.50 

- 0.40 

0.50 

A- 3 

(P) 

1.90 

3.82 

1.0 

1.0 0.50 

0.45 0.49 

0.48 

— 0.48 

0.39 

A-4 

(P) 

1.90 

3.88 

1.0 

1.0 0.47 

0.49 0.34 

0.44 - 

0.42 

0.46 

A-5 

(P) 

1.90 

2.89 

2.20 

1.45 

0.73 

1.0 

1.0 

1.31 

1.99 

3.95 0.89 

0.50 

0.50 

0.51 

0.72 

0.52 

0.47 

0.59 

0.63 

0.92 

- 

0.49 

0.45 

0.50 

0.74 

A-6 

(P) 

1.99 

3.80 

1.0 

1.0 0.55 

0.53 

- 

0.41 

0.42 

0.41 

0.49 

A-7 

(P) 

2.09 

2.99 

3.91 

5.01 

5.99 

5.49 

3.99 

2.48 

1.46 

1.0 

1.0 

1.0 

1.0 

1.0 

1.09 

1.50 

2.41 

4.10 

0.58 

0.66-? 

0.54 

0.52 

0.55 

0.54 

0.54 

0.60 

0.89 

- 

- 

0.48 

0.51 

0.48 

0.50 

0.47 

0.56 

0.78 

0.55 

0.51 

0.48 

0.44 

0.42 

0.44 

0.80 

A-8 

(P) 

1.95 

3.94 

1.96 

1.0 

1.0 

2.01 

0.50 

0.52 

0.71 

- - - 

0.59 

A-9 

(B) 

1.94 

3.93 

2.01 

1.0 

1.0 

1.95 

0.58 

0.54 

0.73 - — 

- 
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VALUES OF Ko (Continued) 

Test No. 
(Device) 

Õ 
VC 

kg/cm2 

OCR K Measured By 
o -1 

Cell 
Pressure 

Side 
Platen 

Front 
End 
Pressure 
Plate 

Front 
End 
Pressure 
Trans¬ 
ducer 

Back 
End 
Pressure 
Trans¬ 
ducer 

A-10 

(B) 

1.94 

3.96 

1.00 

1.00 

0.53 

0.51 

- - - 0.45 

0.44 

A-ll 

(B) 

1.96 

3.95 

1.00 

1.00 

0.57 

0.57 - - 

0.41(1) 
+ 0.09 

0.49 

±0.02 

0.42 

0.53 

P-1 

(P) 

2.26 

4.51 

1.00 

1.00 0.50 

0.35 0.30 

0.41 

- 0.34 

0.48 

P-2 

(P) 

1.92 

3.85 

1.00 

1.00 0.51 

0.50 0.47 

0.50 — 

0.59 

0.52 

P-3 

(P) 

1.87 

3.85 

2.98 

1.90 

0.91 

1.00 

1.00 

1.29 

2.02 

4.25 0.85 

0.52 

0.53 

0.52 

0.61 

0.44 

0.47 

0.45 

0.54 

0.57 

- 

0.44 

0.42 

0.66 

P-4H 

(P) 

2.00 

4.03 

1.00 

1.00 - 

0.37 

0.47 

— 0.49 

0.46 

P-9H 

(P) 

1.99 

4.20 

2.09 

1.00 

1.00 

2.01 

- - - 

0.50 

0.56 

0.68 

0.52 

0.45 

0.61 

P-10 

(B) 

1.95 

3.98 

1.00 

1.00 

0.51 

0.49 - 

— 

_ 0.50 

P-11 

(B) 

1.99 

3.97 

1.00 

1.00 

0.56 

0.52 

— 

— — 

- 

P-12H(B) 1.01 3.98 - - - - 0.65 

P-17H(B) 2.01 

4.01 

2.01 

1.00 

1.00 

2.00 

- - - - 

0.62 

0.60 

0.79 

(1)Average of top and bottom transducers 
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PORE PRESSURE RESPONSE 

Test No. Õ 
VC 

kg/cm2 

OCR UB 
kg/cm2 

Device Method B,% 

A-2 3.62 1.00 1.0 P TPR 85 

A-3 3.82 1.00 1.5 P TPR 55 

A-4 3.88 1.00 1.5 P TPR 72 

A-5 0.73 3.94 1.5 P IVS 94 

A-6 3.80 1.00 3.0 P TPR 91 

A-7 1.46 4.08 3.0 p TPR 74 

A-8 1.96 2.01 2.0 P IVS 95 + 5 

A-9 2.00 1.95 2.0 B IVS 98 

A-10 3.96 1.00 2.0 B IVS 100 

A-11 3.93 1.00 2.0 B IVS 92 + 2 

P-1 4.51 1.00 1.0 P TPR 80 

P-2 3.85 1.00 1.0 P TPR 71 

P-3 0.91 4.25 2.0 P TPR 86 

P-4H 4.03 1.00 3.0 P TPR 89 

P-9H 2.09 2.01 3.5 P IVS 94 

P-10 3.98 1.00 2.0 B IVS 95 

P-11 3.97 1.00 2.0 B IVS 98 

P-12H 1.01 3.98 3.0 B IVS 99 

P-13 1.98 2.00 2.0 B IVS 99 

P-22 4.24 1.00 2.0 B IVS 100 

(1) TPR = Top piston restrained (old method) 
IVS = Increased vertical stress (new Method) 

TABLE 3-5 

-44- 



A
X

IA
L
 

S
T

R
A

IN
, 

A
H
/H

0
 

Symbol Test Batch Device 

0 

> 
A 

□ 
O 
V (1) 

• 
▼ 
■ 

A - 2 
A - 3 

A - 4 
A - 5 
A - 6 
A - 7 
A - 8 
A - 9 
A - 10 

150 
160 

300 
400 
700 
1000 
1200 
1200 
1200 

P 
P 
P 
P 
P 

P 
P 
B 
B 

(I) Accounts for strain prior to rupturing diaphragm 

AXIAL STRAIN VS CONSOLIDATION STRESS: ACTIVE TESTS 
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(1) Horizontal K0 tests used AV/V0 in place of AH/H0 

(2) Second sut up only 

AXIAL STRAIN VS CONSOLIDATION STRESS : PASSIVE TESTS 
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Symbol Test Water content Device 
« 
▼ 
■ 
♦ 
▲ 0> 

A - 8 
A - 9 
A - 10 
P - II 
P - 12 H 

38.7 
371 
39.1 
379 
38.5 

P 
B 
B 
B 
B 

(I) Horizontal K0 test, AV/V0 plotted 

C0MFÄRIS0N OF COMPRESSION CURVES FROM PLANE 

STRAIN AND DIRECT- SIMPLE SHEAR DEVICES 
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VOLUMETRIC STRAIN AV/Vo,% 

Test 

Device Prototype Model B 

Active 0 ! • , 

Passive □ =zd 
Noies: (I) A-7and P-IO.data for second set-up only 

(2) Numbers besides points show test no 

FINAL AXIAL VS FINAL VOLUMETRIC STRAINS 

I 
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K0 measured by 
Device 

p B 

Cell pressure o • 

Side platen O 

Front end 
pressure plate □ 

Front end 
pressure transducer V ▼ 

Back end 
pressure transducer 

A ▲ 

K0 VERSUS CONSOLIDATION STRESS FOR OCR = I 
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2 4 6 8 10 

OCR = (Tvn/flvc 

Kq measured by Symbol 

Cell pressure 
0 
• 

Side platen O 

Front end pressure plate □ 

Front end 
pressure transducer 

V 

Back end 
pressure transducer 

A 

▲ 

Note1 • and ▲ are average 

values for OCR = I 

K0 VERSUS OCR 
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4. BEHAVIOR DURING UNDRAINED SHEAR 

4.1 INTRODUCTION 

This Section presents strength parameters, stress- 

curves, and stress paths* from consolidated-undrained 

plane strain active and passive tests at overconsolidation 

ratios of one, two and four. These data are based on the 

authors' interpretation of the results of over twenty plane 

strain tests. Appendix D presents stress-strain curves and 

stress paths from individual tests; Appendix E presents the 

data in tabulated form for most of the tests. Thus the 

reader is free to draw his own conclusions. 

Emphasis is placed on the values of the undrained 

strength ratio, the parameters controlling this ratio, and 

the effects of overconsolidation ratio. Some conclusions 

regarding the reliability of the data are included. Section 

5 compares active and passive tests and compares plane strain 

data with that obtained by triaxial tests and discusses the 

results in light of what others have found. 

4.2 NORMALLY CONSOLIDATED ACTIVE TESTS 

4.2.1 Strength Parameters 

The undrained strength ratio, s /5 = g^/o , is a 
u vc vc' 

function of the K ratio at consolidation, the pore pressure 

parameter A^; and the effective friction angle, ¢) (assuming 

zero cohesion intercept). The equation relating these 

parameters is: 

vc f 
(Eq. 4.1) 

* The peak point on the Mohr circle is plotted where: 

q = - 03)/2 and p = (^ + ã3)/2 
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Values of these parameters, as well as other pertinent 

information, for the active tests are presented in Table 4- . 

A total of six tests were run on normally consolidated 

(0CR=1) samples. However, two of these tests (A-2,3) had 

a very short period of consolidation under the last increment 

without the side platens. The much lower value of tc lead 

to significantly higher values of the strain at failure, 

Af and J. Consequently, these data will be discounted. 

The remaining four tests (A-4, 6, 10 and 11), which 

were run by three different people over a three year period 

with two difficult devices, showed: 

At (Oj-03) max 

q£/ã = 0.34 (range = 0.32 - 0.35) 
'if' uvc 

K = 0.52 ± 0.05 
c 

Af = 0.8 ± 0.15 

I = 29° (27 - 30) 
Yu 
e = 0.4 ± 0.15% 

At (õj/õ^ max 

q/ã vc 
¢, max 

0.29 ± 0.03 

34 ± Io 

3.5 ± 1% 

The magnitude of q£/cv0 did not vary in a consistent 

fashion with K, Af, or V However, there is a fairly 

consistent increase in the ratio with decreasing water 

content at failure, w£. This is contrary to the results of 

Ladd and Varallyay (1965), who found little effect of w£ 

for CÜ triaxial compression tests on Boston Blue Clay. 
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By in large, the strength parameters show relatively 

little scatter. The value of <j> at maximum obliquity is 

particularly consistent. 

4.2.2 Stress-Strain and Stress Path Characteristics 

Figures D-l and 2 in Appendix D present stress-strain 

curves from the six individual tests run on normally consoli¬ 

dated samples. These data have been synthesized to produce 

the stress-strain relationships shown in Figure 4-1. Similarly, 

the stress path data in Figures D-5 and 6 have been reduced 

to the representative curve shown in Figure 4-3. 

The following characteristics are noted: 

(1) The peak strength occurs at a very low strain; 

thereafter, there is a substantial drop off in 

strength (strain softening) with increasing strain. 

Beyond six to seven percent strain, the value of 

q/õ drops below that at consolidation. Many of 

the samples exhibitea a distinct failure plane (see 

Figures B-l and B-2, Appendix B). 

(2) Maximum obliquity occurs at a much larger strain 

than the undrained strength. The corresponding 

increase in $ is about five degrees. After 

maximum obliquity, the decrease in (o^/c^) is 

slight. 

(3) Thus the substantial strain softening effect is 

due primarily to decreases in effective stress 

(increased pore pressures), rather than decreases 

in obliquity. 

(4) Skempton's A parameter starts off with a value of 

about 0.5 and increases rapidly with strain. 

Beyond a few tenths percent strain, the stress 
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difference is decreasing while the excess pore 

pressures continue to increase. Thus the A para¬ 

meter loses its physical significance. At large 

strains, A becomes infinite, then negative when 

^cl-03^ ^roPs below the initial value at consoli¬ 

dation. 

(5) The magnitude of the excess pore pressures generated 

during a test varied with the K ratio at consoli¬ 

dation. However, if the effect of K is accounted 
c 

for, the results are quite consistent, as shown 

below for the four tests A-4, 6 10 and 11: 

Axial Strain, % (Au+Aa3)/3ve (Au+Aa3)/5vc+(l-Ke) 

0.11 to 0.20 0.64 ± 0.01 

0.20 to C.34 0.76 ± 0.03 

0.5 

4 

(6) The tabulated data in Appendix E show that õ2/p 

starts off with a value of about 0.67 (corresponding 

to Kc = 0*5)• This ratio appears to increase some¬ 

what during shear, reaching a value of 0.74 * 0.05 

at maximum obliquity. The scatter in the data reflect 

the fact that the end platen pressure transducer 

readings tend to be erratic. Bishop (1966) suggested 

the empirical relationship, 02^/pf = cos2 ¢, for 

plane strain tests on sands. For <j> = 34 degrees, 

this yields ^^/Pf = 0.65. Thus the measured values 

are higher than that predicted by this correlation. 

For õj/p = 0.74, the corresponding value of Poisson's 

ratio, V, is 0.37 for an isotropic elastic material 

(V = ã2/2p). 

Kinner and Ladd(1970) have presented an extensive analysis 

of the values of secant modulus determined from CK U plane 
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strain active and passive tests. The secant modulus is 

defined as: 

= 0.75 [AA~g3’] 
where e = vertical (axial) strain. The 0.75 factor enters 

because of plane strain conditions. It equals (1 - v2), 

where v = 0.5, Poisson's ratio for undrained shear. 

Figure 4-5 presents values of the normalized secant 

modulus plotted versus the applied shear stress ratio for 

representative CK~U plane strain active tests. The applied 

shear stress ratio is defined as the increment of shear 

stress divided by the change in shear stress to cause 

failure. For normally consolidated samples: 

Aq/Àq* Es/õyç Nomina^ Strain, % 

0.2 600 ± 200 0.005 

0.5 250 ± :0 0.025 

0.8 HO ± 10 0.1 

4.3 OVERCONSOLIDATED ACTIVE TESTS 

4.3.1 Strength Parameters 

Two tests each were run at OCR values cf two and 

four. The tests are summarized in Table 4-1. The resulting 

undrained strength ratios, values of Af, and obliquity 

(expressed as q^/pf) are plotted versus OCR in Figure 4-4. 

The two tests with OCR = 2 were very consistent, whereas 

the two with OCR = 4 exhibited somewhat erratic behavior.* 

The following trends occur with increasing overconsoli¬ 

dation ratio: 

(1) The undrained strength ratio, qf/õvc, increases 

markedly from 0.34 to 0.95. 

* Both tests had testing problems. Moreover, the maximum 
past pressures were quite different (2.9 and 6.0 kg/cm2 
for Tests A-5 and A-7 respectively). 
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from 0.4 to 1.8 
(2) The strain at failure increases 

percent. 

(3) Skempton's A parameter at failure decreases from 

about 0.8 down to 0.14. 

(4) The obliquity at undrained failure increases, as 

does the maximum obliquity. However, there are 

insufficient data with which to determine a reliable 

failure envelope for overconsolidated clay. 

4.3.2 --strain an-* Path Characteristics 

individual stress-strain curves and stress paths are 

presented in Figures D-3,4 and D-7,8 respectively. Figure - 

shows the synthesized stress-strain curves and Figure - 

presents normalized stress-paths. In the latter figure, 

values of q and p have been divided by the jximum P»st 

pressure, so that both normally consolidated and 

consolidated samples can be shown on the same plot. 

The following characteristics are noted: 

(1) The overconsolidated samples exhibit less strain 

softening than occurred for the normally consoli 

dated clay. 

(2) Maximum obliquity occurs before maximum stress 

difference for the heavily overconsolidated soil 

(OCR = 4) . 

(3) The A parameter again starts out with a value of 

about one-half, but it decreases with increasing 

strain and then increases (OCR = 2) «mains 

almost constant (OCR = 4). 

(4) The magnitude of (Au - Ao3)/õvc at small st 

increases with increasing overconsolidation ratio 

This seemingly unusual behavior is the result of 
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a much larger increase in normalized stress 

difference, due in part to the higher values of 

V The corresponding pore pressure ratios are: 

(based on the synthesized curves): 

Strain, % OCR 

1 

0.5 2 

4 

(Au-Aa3)/5vc (Au-Aa 3)/0yc+(1-Kc) 

0.17 0.65 

0.24 0.52 

0.35 0.46 

4 

1 0.30 

2 0.38 

4 0.27 

0.78 

0.66 

0.38 

(5) The stress paths in Figure 4—3 show the characteristic 

change in shape as the samples become more overconsoli— 

dated. 

Values of normalized secant modulus for overconsolidated 

samples are presented in Figure 4-5. It is difficult to 

ascertain trends because of the variation in modulus for 

samples with the same OCR. However, whereas all samples appear 

to start off with about the same normalized modulus, the more 

overconsolidated samples exhibit a somewhat less rapid decrease 

in modulus as failure is approached. 

If the secant modulus is normalized with respect to 

undrained shear strength, su, rather than consolidation stress, 

the resulting ratio decreases with increasing OCR, as shown 

below* 

Aq/Aqf 

0.2 

OCR E /s - s' u 

1 2000 i 500 

2 825 ± 75 

4 750 ï 50 
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Aq/Aqf OCR E /s s' u 

0.5 

1 

2 
4 

750 i 50 

600 i 100 

475 ± 25 

4.4 NORMALLY CONSOLIDATED PASSIVE TESTS 

4.4.1 Failure Criteria 

Because of various sources of "friction" in the 

device, most of the passive tests with vertical Kq consoli¬ 

dation yielded obviously incorrect data at large strains, 

particularly with normally consolidated samples. The error 

occurs because the measured magnitude of the vertical stress 

is too low, thus resulting in excessively high values of 

obliquity (ã1/c3 = õh/õv). In some cases, the computed value 

of vertical effective stress, õv, became negative. 

Standard passive tests with vertical KQ consolidation 

involve a strain controlled decrease in the vertical stress, 

with a constant value of horizontal stress (constant cell 

pressure). Thus the height of the sample is increasing 

during shear. The value of vertical stress measured via a 

proving ring or load cell placed at the top of the loading 

piston will be smaller than the actual (or average) vertical 

stress acting on the sample for the following reasons (also 

see Bovee and Ladd, 1970): 

(1) Friction between the loading piston assembly and 

the ball bushing and/or the top retaining plates 

(Figures 2-2 and 2-5); 

(2) Friction between the top platen and the end platens 

(Figures 2-3 and 2-6); 

(3) Friction between the ends of the sample and the end 

platens (Figures 2-3 through 2-7). 
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(4) Friction between the sides of the sample and 

the cell diaphragm (Figures 2-4 and 2-5). 

(5) Resistance caused by stretching of the sample 

membrane and the vertical filter strips. 

Items (1) and (2) are considered via a calibration based on 

loading a water filled sample membrane. Item (5) is con¬ 

sidered via theoretical equations. The reliability of the 

calibration and equations is unknown. No attempt is made 

to correct measured data for the effects of Items (3) and 

(4). Estimates of the effect indicate that full mobili¬ 

zation of friction along the sides and ends of the sample 

might reduce the measured value of vertical stress by up to 

0.5 kg/cm2 (Bovee and Ladd, 1970). An error of this magni¬ 

tude could easily result in computed values of vertical 

effective stress that approach zero, or even become negative. 

Plane strain passive tests should be run where the 

vertical load is measured at both the top and bottom of the 

sample. 

Some of the passive tests de'/eloped necking at large 

strains (see Figures B-3 and B-4, Appendix B). When this 

occurs, the computed value of vertical stress is again too 

small since the actual area of the sample is less than 

assumed. 

The question is how to interpret test data that contain 

errors because of unknown amounts of friction (and/or 

necking). The approach will be based on an evaluation of 

the obliquity of principal stresses, o1/a3 = ah/<V That 15> 

undrained failure will be defined in terms of when the 

measured obliquity of stresses reaches a certain value. This 

approach is used because: 
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(1) Measured values °f “ ah “ U should be 

fairly reliable; 

(2) Thus the uncertainty lies in av * av ” u' 

(3) Because the undrained failure occurs at 

fairly large strains, the "friction" of the 

clay should be fully mobilized; that is, 

maximum stress difference and maximum 

obliquity should occur at essentially the 

same strain. 

A failure criteria based on the obliquity of principal 

stresses will yield the maximum possible value of undramed 

strength, _ 
s - q^ = 0.5 (o^ ” Gy) “ 0*5 - Gy) 

if the value of õh is constant, or decreasing, while the 

obliquity is still increasing. This condition will occur 

if the incremental A parameter* is equal to or greater than 

unity. 

The CíÇÜ Plane strain active tests yielded the following 

values of maximum obliquity* 

OCR 

1 

4 

3.70 i 0.15 

4.25 - 4.40 

Corresponding ¢, Degrees 

35 ± 1 

38.6 ± 0.4 

Triaxial extension tests on normally consolidated Boston Blue 

clay from Ladd and Varallyay (1965) yielded: 

Type of 
Consolidation 

Kc - 1.00 

Kc = 0.50 

K = 2.0 
c 

^1^3^ max 

4.50 i 0.10 

4.20 ± 0.4 

3.85 i 0.15 

Corresponding 
¢, Degrees 

39.5 ± 0.5 

38 ±2 

36 ±1 

Remarks 

Problem with 
Necking 

Problem with 
Necking 

No Necking 

* For passive tests with vertical consolidation: 
Au - Ao^ Au "ACy 

A = Ao1- Ao3 = Aoh-Aov 
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Based on the above data, the following values of 

obliquity were selected for use as failure criteria for 

normally consolidated passive tests: 

Obliquity 
Condition (al/a3) Corresponding (j>, Degrees 

Minimum Possible 3.85 36 

Reasonable Upper 
Limit 4.60 40 

Maximum Possible 
Upper Limit 00 (cv equals zero) 

The application of the above failure criteria to six 

passive tests run on normally consolidated samples results 

in the data presented in Table 4-2. (Appendix D presents 

individual stress-strain and stress path data for these tests.) 

Tests P-1 and 2 were run during the very early phases of 

testing when there were numerous problems with leakage of 

membranes and pore pressure lines. Test P-4H employed 

horizontal Kq consolidation; during undrained shear, the 

cell pressure was first reduced until o = o. , then a was 
V n V 

increased by strain controlled loading. Tests P-10, 11 and 

22 were run with the Model B device using the standard test 

procedures. Test P-10 exhibited the best overall behavior. 

It also had the highest initial water content (see Table 4-3) 

and underwent the largest vertical strain during consolidation.* 

The following average results are obtained from Tests 

P-4H through P-22 for the various failure criteria: 

Failure Criteria Vertical Strain, % qf/^i Af 

(õ1/õ3)=3.85 3.4 0.18 1.015 

(^1/^3)=4 *60 4,3 0*19 1*02 
6 0.205 1.035 ‘max 

* At the start of shear, Test P-10 had a sample height equal 
to 84 percent of the original height, whereas 90 percent 
was typical of the other tests. The larger vertical strain 
at the start of shear may have been a significant factor 
in the superior behavior of this test. 
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„,f.rla produce fairly consistent 
A11 three failure ^ values o£ obllquity do 

asta. M°re°ver; variations in qf/*lc- «ven though 

Tn: vertical"strain ailost douhles. Changes in hf are 

negligible- 

•voria based on a maximum obliquity of A failure enterra based criteria shouia 

4.60 (* = « de^eeS’stlmate o£ the maximum possible undrained 

yield a reasonab e However, it should be realized 

<= trength from passive tests. How 

“at the actual strengths ,ay be so.ewhat smaller than 

assumed. 

4.4.2 Strength Parameters 

The equation relating Kc' 

tests with vertical consolidation is: 

Af and ^ for passive 

^f 

To 
. Lii: K.lAfl sin i C--1 I . mmf 

1+ (2Af-l) sin <j) 

Au - Äo 

(Eq. 4.2) 

Au - AcJ 

where Af = aOj- Aoj 

For the standard passive test: 

Aöh = 0 

A°v * ^ic11'^' - 2qf 

Auf t s^d-K.) 12qf Therefore 

Af " *ic(1-v + 2qf 
hr,th the numerator and denominator, 

i:::::YnC^-:*a—e£fect on the ma9nitude of 

Af. 
For passive tests on horizontally consolidated samples, 

where õlc = õhc and a3c = avc: 
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Au - Ao3 Au - Aoh 

Af = Ao1- Ao3 " Aov- Aoh 

= õ1c(i-kc) + 2qf 

Table 4-3 summarizes the results of six passive tests 

on normally consolidated samples. Individual stress-strain 

curves and stress paths are presented in Appendix D and 

detailed tabulations are contained in Appendix E for most of 

the tests. Table 4-3 contains strength parameters based on 

two criteria: 

(1) At (53/03) < 4.60 (corresponds to ^ = 40°) 

(2) At q or when õ becomes zero. 
nnax v 

Based on the four tests P-4H, P-10, P-11, and P-22 and 

the 40 degree obliquity criteria, it is concluded that: 

qf/õlc = 0.19 (range = 0.17 - 0.215) 

K C = 0.50 (0.45 - 0.52) 

hf = 1.015 (0.96 - 1.06) 

^ = 40° based on failure criteria 

ef = 4.3 ± 1.5 % 

It should be remembered that the use of the maximum obliquity 

criteria is thought to yield a reasonable estimate of the 

maximum possible value of qf/5lc. It may be that the actual 

undrained strength ratio is somewhat smaller than 0.19. 

Because of the problems with "friction" in the apparatus, 

it is not possible to reliably determine an effective stress 

envelope, or to study strain softening effects. 
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(1) 

4 4 3 -ana Strops Path Characteristics 

Figures 0-, ana iO in 

Strain curves £r0m six tests run on normal y ^ 

samples. These data have been slBilariy, 
stress-strain relationships shown in Fi9ure 

the stress path data in Figures ^13 *1 in rs 4-8. 
reduced to the representative curve shown in Fig 

The following characteristics are noted: 

"he peak strength occurs at a relatively large 

‘strain which is an order of magnitude larger than 
strain* . There is pro- 
that determined from active e . 

bably little strain softening beyond the peak 

strength. 
. j there is a continuous 

Throughout undrained shear, the 

decrease in the average effective stress, p. The 

rite of decrease becomes particularly pronounced 

after the principal planes have been rotated, i.e.. 

when o is less than V 

♦-or starts out with a value of about 
(3) The a parameter start a of 

0.75 and continuously increase 

about 1.01 ± 0.05. 
nie o = o. , the A 

14) At the point where q = 0, i.e.» v h (4) At rne V ^ ^ ^ five of the 
parameter equalled . «oerfect 
Psix tests. This condition corresponds to perfec 

sampling" if one discounts the Cj irec i 

A parameter for unloading 
Au - Aah 

RU = Aov- 

is equal to 1-A. Therefore, Au = 0.18 1 0.06. 

(2) 

-64- 



(5) 

(6) 

,,« • - n 18 + 0.06 reported 
This agrees exactly with Au • - . 

Mfor perfect sampling 
by Ladd and Varallyay (1965) for per 

of Boston Blue Clay in a triaxial cell 

consolidation. 

The excess pore pressure, (Au - Ao3)/0lc' 

rapidly, reaching a maximum of 0.89 1 • 
, , amp "measured" values exceeded this range failure (some measui-eu 

because of apparatus friction). 

The tabulated data in Appendix E show that o2/p 

increases during shear (except for P-4H) reaching 

a value of 0.92 i 0.13 at failure. There were 

considerable scatter in the data. 

Figure 4-10 presents values of the normalized secant 

modulus plotted versus the applied shear stress ratio 

representative CK¡Ü plane strain passive test'ThPP 
i«, defined as the increment of applied 

shear stress ra change in applied shear stress 

Shear I lure or the standard passive test, this would 

—h it is still denoted by Ag/Agf . for 

representative normally consolidated samples: 

Nominal Strain, % 
Aq/Aqf 

0.2 

0.5 

0.8 

Es/5vc 

450 

150 

55 

0.03 

0.22 

0.95 

For a'perfectly operating plane strain device, passive 
For a per y consolidated samples 

rests on vertically and in the apparatus 

should yield idéntica re However, the two types of 

irsTpei: to yield reasonably -----8 

r;nr;;r:--e: «eu wuh those ^ verucany 
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K consolidated samples with an OCR of one. The normalized 

stress difference versus strain from Test P-8H* agreed almost 

exactly with that from Test P-22 (see Figure 4-10), w ic 

fell between that for Tests P-10 and P-11. Data from the two 

types of tests on overconsolidated samples also showe goo 

agreement at OCR = 2. 

4.5 OVERCONSOLIDATED PASSIVE TESTS 

4.1.1 Failure Criteria and Strength Parameters 

Various sources of friction also affected the over¬ 

consolidated tests, although the magnitude of the side 

friction may have been less important because of the reduced 

total horizontal stress, especially at an OCR equal to four. 

Failure criteria based on a maximum obliquity were again 

used, but the results are less definitive than for the normal y 

consolidated tests. 

The results of seven passive tests on overconsolidated 

samples are summarized in Table 4-4. Detailed stress-strain 

and stress path data for three of the tests are presented in 

Appendix D and E. 

At an OCR of two, the average effective stress at 

failure divided by the maximum past pressure, Pf/0™' equa e 

about 0.25. An extrapolation of the failure envelope from 

the active tests (see Figure 4-3) suggests the following 

conditions of maximum obliquity: 

ãj/õj = 5.80 

or q/p * 0.707 

which corresponds to a friction angle of 45 degrees for 

zero cohesion intercept. The application of this criteria 

. Data from this test are not presented because of an 

apparent leak in the pore pressure line. 
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to Tests P-13 and P-23 yields: 

q/c-ic = 0.36 - 0.385 

Af = 0.85 + 0.01 

Test P-9H, which used horizontal Ko consolidation, yielded: 

q/5lc = 0,39 

Õ1/Õ3 = 5.10 

Af = 0.72 

at the measured value of <3max* 

The above strength parameters are plotted versus OCR 

in Figure 4-9. An undrained strength ratio of 0.38 corres¬ 

ponds to an undrained shear strength that equals the un¬ 

drained strength at the maximum past pressure*. Since one 

would expect some decrease in strength with unloading, a 

value of su/°vc equal to or greater than 0.38 is considered 

unlikely. 

It is concluded that for an OCR of two: 

V5lc = °-37 

K = 0.71 (which equals K ) 
c 0 

Af = 0.82 

qf/Pf = 0.707 based on failure criteria 

e. = 5.5% (an estimate) 

Table 4-4 summarizes the results of four tests with an 

OCR of four. Only one of these, P-12H, yielded satisfactory 

stress-strain data. Pertinent conments on the other tests 

are: 

2 
* Assume that = 4.00 kg/cm . Therefore: 

At OCR = 1.0, su = (su/cvc)(cvc) = (0.19) (4.00) = 0.76 

At OCR = 2.0, su = (su/övc) (?vc) = (0.38) (2.00) = 0.76 
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Test P-3. Se1£1£9ehctt.P;ere3tPrrersSrta!ebkutÍrd1rained strength 

considered reliable. 

P-5H. initial stress-strain data no good, ^ ^ 

considered too large, but (VVitiax 

r = 5.5 to 6.5%. 
final water content too 

p_7: Test set-up twice so fin 

low. measured su much too high. 

Based on the active tests and J/“!'„^ns, 
.. ^ ñ in = 6.00 was selected vqf/Ff 

maximum obliquity 1 3 ln Figure 4-9. Based 
The resulting parameters are p 

on no loss in su during rebound to an OCR 

s /5 = (4)(0.19) - 0.76 

“ V\ sh and p-7 with ratios of 0.85 and 0.835 are 
Thus Tests P-5H and P 7 wi 

obviously incorrect. 

It is concluded that for passive tests with an 

four ï 

qf/*ic “ °-67 

K_ 
=0.85 (less than K0 = 0.97) 

- 0.49 

qf/Pf = 0.715 based on failure criteria 

ss 7% (an estimate) 
i. 

4 5 2 .and Strnnn Path CharacterisUcs 

Measured stress-strain and stress Path data in 
a . have been synthesized to produce the str. s 

Appendix D and E e 4.7 and the normalized stress 

strain relations ip secant modulus data for 

paths in Fi9«a - • versus the applied shear 
representative tests are px« 

stress ratio in Figure 4-10. 
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The following comments are in order: 

(1) Increasing overconsolidation probably increases the 

strain at failure. It has been assumed that = 5.5 

and 7.0 percent at OCR = 2 and 4 respectively. 

(2) There is probably little if any strain softening. 

(3) The A parameter starts out with a value of 0.4 + 0.1 

(versus about 0.75 for normally consolidated passive 

tests). It increases to about 0.8 for an OCR of two 

and to about 0.5 for an OCR of four. 

There appears to be a slight increase with OCR of 

the secant modulus normalized with respect to the 

vertical consolidation stress. The data at an OCR of 

one and two are very consistent, whereas the data at 

an OCR of four are erratic. 

If the secant modulus is normalized with respect 

to undrained shear strength, su, rather than consoli¬ 

dation stress, the resulting ratio decreases with 

increasing OCR, as shown below: 

Aq/Aqf OCR 

0.2 

1 

2 

4 

2500 

1500 

1100 (approximate) 

0.5 

1 

2 

4 

800 

535 

350 (approximate) 
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5. DISCUSSION AND COMPARISON OF RESULTS 

5.1 INTRODUCTION 

In plane strain active tests, the major principal 

stress always acts in the vertical direction (for Kq £ 1), 
and thus there is no rotation of the principal stresses 

during shear. This stress system duplicates conditions 

under the centerline of a strip load or behind a retaining 

wall with an active state of stress. In plane strain 

passive tests, the major principal stress at failure acts 

in the horizontal direction, and thus the principal stresses 

have rotated through 90 degrees. This stress system 

duplicates conditions in the "passive" wedge of a strip load 

or behind a retaining wall with a passive state of stress. 

The two stress states represented by the active and passive 

conditions will generally represent extreme cases for most 

plane strain stability problems. Thus the results of active 

and passive tests will usually yield the largest degree of 

anisotropic strength behavior. This section will summarize 

and compare the results of the active and passive tests on 

Boston Blue clay at OCR values of one, two and four. 

Plane strain test equipment and procedures are obviously 

more complicated than those of conventional triaxial tests. 

Comparisons of plane strain and triaxial data are needed for 

a variety of soils and stress histories in order to ascertain 

the limitations of conventional triaxial tests. For normally 

consolidated Boston Blue Clay, a detailed comparison will be 

made between: CK U plane strain active tests and triaxial 
o _____ 

compression tests and between CKQU plane strain passive tests 

and triaxial extension tests. Finally, CK0U plane strain 

active tests will be compared to CKoU and CIU triaxial 

compression tests as a function of overconsolidation ratio. 
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The above findings with Boston Blue Clay will be com¬ 

pared to triaxial and plane strain data obtained by others 

on saturated clays. These data are summarized in the 

section. 

5.2 RESULTS OF PLANE STRAIN AND TRIAXIAL TESTS ON 

SATURATED CLAYS FROM THE LITERATURE 

Duncan and Seed (1965, 1966) performed CIÇO plane strain 

active and passive tests on undisturbed samples o^he ^h 

plastic San Francisco Bay Mud. These data, and the results 

of companion CU triaxial compression tests, are summari 

in Table 5-1. The plane strain apparatus was similar 
rani- oasslve tests had to employ the M.I.T. device, except that passive c 

horizontal K0 consolidation, followed by vertical loading. 

Henkel and Wade (1966) ran a series of dyj plane strain 

active tests on remolded samples of the Weald Clay and com¬ 

pared the results to CIU and CK0U triaxial compression tes s. 

Table 5-1 also summarizes these data. The plane strain 
1 a • 9 in wide and 16 in. long, 
apparatus used samples 4 in. high, 2 in. 

Lee and Shubeck (1971) performed an extensive series of 

CÃÚ plane strain active tests on two compacted clays over a 

wide range of consolidation stresses with a device siml 

to the Berkeley apparatus. The two clays we 

Compacted Kaolinite (wL = 44%, wp = 21%) with 

static compaction to optimum + 5% 

Compacted Higgins Clay (wL = 38%, wp - 21%) with 

static compaction to optimum + 5%. 
a +•« rrñ and CAU triaxial compression 

The results were compared to CIU an 
_ V - n 5 the plane strain active tests. For CAU tests with Kc - 0.5, the p 

tests showed the following results compared to the 

compression tests: 
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(1) Same undrained shear strength, value of Af, 

and effective stress envelope 

(2) Lower strain at failure and more strain softening 

(more brittle type stress-strain curve). 

Shibata and Karube (1965, 1967) ran CIU and some CAU 

"triaxial" tests with varying intermediate principal stress 

on normally consolidated samples of remolded Osaka alluvial 

clay (wT = 64-69%, w = 20-27.5%). The 1965 data, restricted 

to CIU tests, showed increased excess pore pressures and a 

lower strain at failure with increasing (a2 - a^/ia^ - o3) ; 

the maximum undrained strength occurred at an intermediate 

value of o2. The 1967 data showed that plane strain conditions 

increased the friction angle at - a3)max' relative to 

triaxial compression tests, for isotropic consolidation, 

but had little effect after anisotropic consolidation. 

Lee (1970) reviewed the extensive data that exist com¬ 

paring drained plane strain active and triaxial compression 

tests on cohesionless soils. Plane strain conditions 

generally produced the following effects relative to triaxial 

compression: 

(1) Increased friction angle, the effect being more 

pronounced as the relative density increased. 

(2) Reduced strain at failure and a much more brittle 

type stress-strain behavior. The larger strain 

softening effect was accompanied by formation of 

a failure plane. 

5.3 COMPARISON OF CKQU PLANE STRAIN ACTIVE AND PASSIVE 

TESTS ON BOSTON BLUE CLAY 

The various strength parameters and other pertinent 

information are plotted versus overconsolidation ratio in 
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Piqûre 5-1. Average values are summarized In Table 5-2. 

9 . .h. results presented In Section 4, show 

o£ Boston Blue Clay at overconsolidatron ratros £r» one 

four. Failure in passive shear, relative to an active 

U)1“Reduces the undrained strength by 30 to 44 percent, 

"feet being most pronounced with normally consola- 

dated clay. The ratio 

s (Passive) 

Ks = su (Active) 

su(H) 

(2) 

(3) 

* n cc OCR = 1 to 0.705 at OCR = 4. 
inrrpases from 0.56 at uuk ^ 

Greatly increases the strain at iailure. The active 

tests failed at e = 0.4 to 1.8 percent, while ef 

the passive tests was 4 to 7 percent, 

increases Skempton’s pore pressure parameter A 

failure, primarily because of the large difference 

is the strain at failure. « compared at equal strains. 

A for passive tests is less than that for ac 

with normally consolidated clay; the reverse is true 

for overconsolidated clay. 4.0C4-c 
The only other data comparing active and passive tests 

are that by Duncan and Seed (1966, for normally consolidât, 

undisturbed San Francisco Bay Mud (see ^ 

much more plastic clay showed less 

IK = 0.76 vs 0.56 for Boston Blue Clay). 

Blue Clay, the passive tests showed a larger strain at 

failure (10.2 vs 3.6 percent,; but in contrast both Af 

<jT were decreased. 
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The effect of rotation of principal planes on secant 

modulus is complex, as summarized below: 

Aq/Aqf 

0.2 

0.5 

OCR 

E /0 
S VC 

Active Passive Active 

E /s 
s u 

Passive 

1 

2 

4 

650 450 

470? 550 

700 750 

2000 2500 

825? 1500 

750 1100 

1 250 150 

2 340 200 

4 450 230 

750 800 

600 535 

475 350 

However, if one compares values of E /ã at the same strain 
s vc 

as shown in Figure 5-2 for normally consolidated clay, passive 

tests yield much higher modulii. 

5.4 COMPARISON OF CKqU PLANE STRAIN AND TRIAXIAL TESTS 

ON BOSTON BLUE CLAY 

5.4.1 Normally Consolidated Boston Blue Clay 

This section compares the results of plane strain and 

triaxial tests on normally consolidated samples. The 

appropriate pairs to compare are: 

(1) Plane strain active versus triaxial compression where 

ovf and there is no rotation of the principal 

planes. 

(2) Plane strain passive versus triaxial extension where 

= ohf and there is a 90 decree rotation of the 

principal planes. 

In both cases, the only variable is the value of the inter¬ 

mediate principal stress, o 
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(a) Plane strain active versus triaxial compression 

Stress-strain curves are compared in Figure 5-3 and 

the stress paths in Figure 5-5; Table 5-3 summarizes 

consolidation and failure conditions for these tests. The 

triaxial compression data were obtained from Ladd and 

Varallyay (1965) and several other tests performed since 

then (Braathen, 1966, Guertin, 1967, and Research in Earth 

Physics). 

Plane strain active conditions, compared to triaxial 

compression, produce the following: 

(1) A slight increase in su/^vc» although the difference 

is of little practical significance. This is in 

agreement with the data on undisturbed San Francisco 

Bay Mud, remolded Weald Clay (see Table 5-1), and 

remolded Osaka Clay. 

(2) An increase in both Aj and at undrained failure. 

A higher failure envelope was also obtained by 

others (Table 5-1), whereas there was no change in 

Af for the Bay Mud and a decrease in Af for the 

Weald Clay. Because A changes rapidly with strain 

in both tests (see Figure 5-3), one might expect 

variable trends in Af depending on the change in 

strain at failure. 

(3) A very slight increase in the maximum obliquity, 

although it occurs at a much lower strain, as 

happened for the Weald Clay. 

(4) An increase in the excess pore pressures at lower 

strains, as occurred with the remolded Weald and 

Osaka clays. The A parameter starts off with a 

value of about one half compared to one third for 

triaxial compression, as would be expected for an 

elastic medium. 
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(5) An increased rate of strain softening after failure, 

perhaps due to the formation of a failure plane. 

Plane strain tests on the Weald Clay also produced more 

strain softening. 

It is difficult to assess differences in Young's 

modulus prior to failure because of the very small strains 

at failure. Based on the limited data plotted in Figure 

5-6, one concludes that triaxial compression yields a 

somewhat higher value of Young's modulus. However, the 

difference is small and will generally be masked by scatter 

in the data. 

(b) Plane strain passive versus triaxial extension 

Stress-strain curves are compared in Figure 5-4 and the 

stress paths in Figure 5-5; Table 5-3 summarizes consolidation 

and failure conditions for these tests. The triaxial extension 

data are the strain controlled tests from Ladd and Varallyay 

(1965) . 

Plane strain passive tests yield a significantly 

higher value of primarily because of a lower Af. 

One can not reliably compare failure envelopes because of 

necking in both tests and "friction" in the passive tests. 

The passive test also failed at a much lower strain. 

The stress-strain characteristics from both tests appear 

to be almost identical up to about one percent strain^except 

for the lower A parameter of the plane strain tests. At 

larger strains, the larger value of c2 in the extension tests 

causes a greater reduction in effective stress, and hence 

a lower undrained strength. 

^Note that Kc was somewhat higher in the extension tests, 

thereby causing a lower excess pore pressure. For the 

same value of Kc the extension tests would therefore 

exhibit a greater (Au-Ao^/ a vc than the plane strain 

passive tests. 
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The normalized secant modulus data in Figure 5-6 again 

show a slightly higher value of Young's modulus for the 

triaxial tests, except near failure. However, the difference 

is very small. 

There are no similar data (to the authors' knowledge) 

on other clays that can be compared to the trends obtained 

with Boston Blue Clay. 

5.4.2 Overconsolidated Boston Blue Clay 

The comparison of plane strain and triaxial tests on 

overconsolidated Boston Blue Clay is by necessity restricted 

to triaxial compression tests. Moreover, most of the 

triaxial compression tests employed isotropic consolidation 

stresses. 

Figure 5-7 plots su/avc and Af versus OCR for CKQU 

plane strain active and triaxial compression tests. The 

range in s values from CÏÛC tests has been added for 

comparison*. Plane strain conditions continue to lead to a 

slight increase in su/õvc with overconsolidated clay, while 

the differences in Af appear to diminish. At an OCR of four, 

the strain at failure for the active tests was 1.7 - 1.8 

percent, while that for the triaxial compression tests 

equalled 2.5+1 percent. The decrease in ef agrees with 

the trends obtained by Lee and Shubeck (1971) on compacted 

clay . 

5.4.3 Discussion 

The preceding data show that the plane strain tests 

generally yielded stress-strain-strength characteristics 

that are either in close agreement with those measured in 

+ For 0CR=1, K=1 consolidation yields a lower su/öc with higher 

values of Af and ?u than KQ consolidation (Ladd and 

Varallyay, 1965). 
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corresponding triaxial tests, or differ as would be expected 

based on theoretical considerations. Moreover, differences 

in behavior between the active and triaxial compression tests 

generally agreed with the trends obtained by others. These 

two facts suggest that the M.I.T. plane strain apparatus 

yields fairly reliable data, or at least data as reliable as 

obtained by others. 

If it is concluded that the plane strain data are 

reliable, then one can also conclude that: 

(1) Triaxial compression tests (after Kq consolidation) 

yield stress-strain-strength data that are practically 

identical to plane strain active conditions for un¬ 

drained shear up to failure. 

(2) Triaxial extension tests (after KQ consolidation) 

yield an underestimate of undrained strength for 

plane strain passive condition, because the A parameter 

too large. However, initial stress difference versus 

axial strain data are in close agreement. 

is 
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NORMALIZED SECANT MODULUS VS VERTICAL STRAIN 
FOR ÕR33 PLANE STRAIN ACTIVE AND PASSIVE TESTS 
ON NORMALLY CONSOLIDATED BOSTON BLUE CLAY 
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Active from fig. 4 -1 

— CKoUC Ave. from Ladd and 
Varallyay (1965) 

8 10 

STRESS VS STRAIN FROM CKoU PLANE STRAW ACTIVE AND 
TRIAXIAL COMPRESSION TESTS ON NORMALLY CONSOLIDATED 

BOSTON BLUE CLAY 
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FIGURE 5 -3 



STRESS VS STRAIN FROM CIÇÜ PLANE STRAIN PASSIVE 
AND TRIAX AL EXTENSION TESTS ON NORMALLY CONSOLI¬ 

DATED BOSTON BUJE CLAY 
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normalized secant MODULUS FROM CKoU 

AND TRIAXIAL TESTS ON NORMALLY CONSOL0ATED BOSTON 

BLUE CLW 
FIGURE 5 - 6 
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1.6 

COMPARISON OF CKqU PLANE STRAIN ACTIVE AND 
TRIAXIAL COMPRESSION TESTS ON BOSTON BLUE CLAY 
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6. SUMMARY AND CONCLUSIONS 

This research is part of an overall program aimed at 

generation of normalized stress-strain-strength data 

versus overconsolidation ratio for a variety of clays 

for undrained shear conditions simulating several in 

situ modes of failure. Data are presented from consoli- 

dated-undrained plane strain active and passive tests 

on K consolidated samples of resedimented Boston Blue 

Clay at overconsolidation ratios of one, two and four. 

The resedimented clay (wN = 36%, wL = 41%, wp = 20%) 

has engineering properties very similar to those of 

natural Boston Blue Clay. 

The plane strain equipment, developed at M.I.T. (see 

Figure 2-1), uses a sample 3.5 in. high by 3.5 in. 

wide by 1.4 in. deep (o2 plane). KQ consolidation is 

obtained by using fixed end platens and removable side 

platens? values of Kq are obtained by several indepen¬ 

dent methods of messurement. The major principal 

stress can be applied in either the horizontal or 

vertical direction, with Oj measured at the fixed end 

platens (see Figures 2-5 and 2-6). A standard active 

test consists of strained controlled vertical loading. 

A standard passive test consists of strained controlled 

vertical unloading. Passive tests were also run by 

vertical loading after Kq consolidation in the hori¬ 

zontal direction, i.e., ãlc = ãhc and ã3c = õvc. 

The apparatus and test procedures yielded reasonably 

good one-dimensional consolidation conditions. The 

removable side platens enabled use of much larger 

consolidation increments than are possible with KQ 
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interpreted in light of reasonable values of obliquity 

of the principal stresses. 

6. The strength parameters for active and passive un- 

drained shear of Boston Blue Clay at OCR values of 

one, two and four are presented in Table 5-2 and 

Figure 5-1 and are summarized below: 

OCR 

1 

Type of Shear 

A 

P 

A 

P 

A 

P 

0.4 

4.3 

1.3 

5.5 

1.8 

7 

su^^vc 

0.34 

0.19 

0.57 

0.37 

0.95 

0.67 

0.8 

1.02 

0.34 

0.82 

0.14 

0.49 

Thus passive shear, which involves a 90 degree rotation 

of the principal planes, causes a substantial reduction 

in undrained strength, a much larger strain at failure, 

and an increased value of A^. 

Undrained model footing tests with a strip load were 

performed on Boston Blue Clay (Kinner and Ladd, 1970). 

Measured values of the ultimate bearing capacity are 

compared below to those predicted from the plane strain 

tests based on the relationship qult = 5.14 su, where 

s equals the average from the active and passive tests 

( S ) / õ 
OCR ^Vave7 vc 

1 h(0.34+0.19)=0.265 

2 ^(0.57+0.37)=0.47 

4 4(0.95+0.67)=0.81 

Predicted 

ctult^vc 

1.36 

2.41 

4.15 

Measured 

^ult^vc 

1.34 

2.42 

4.20 
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6. summary and conclusions 

1. This research is part of an overall program aimed at 

generation of normalized stress-strain-strength data 

versus overconsolidation ratio for a variety of clays 

for undrained shear conditions simulating several in 

situ modes of failure. Data are presented from consoli- 

dated-undrained plane strain active and passive tests 

on K consolidated samples of resedimented Boston Blue 
o 

Clay at overconsolidation ratios of one, two and four. 

The resedimented clay (w^ = 36%, = 41%, = 20%) 

has engineering properties very similar to those of 

natural Boston Blue Clay. 

2. The plane strain equipment, developed at M.Ï.T. (see 

Figure 2-1), uses a sample 3.5 in. high by 3.5 in. 

wide by 1.4 in. deep (o2 plane). KQ consolidation is 

obtained by using fixed end platens and removable side 

platens; values of Kq are obtained by several indepen¬ 

dent methods of messurement. The major principal 

stress can be applied in either the horizontal or 

vertical direction, with o2 measured at the fixed end 

platens (see Figures 2-5 and 2-6). A standard active 

test consists of strained controlled vertical loading. 

A standard passive test consists of strained controlled 

vertical unloading. Passive tests were also run by 

vertical loading after Kq consolidation in the hori¬ 

zontal direction, i.e., ãlc = ohc and ã3c = ãvc. 

3. The apparatus and test procedures yielded reasonably 

good one-dimensional consolidation conditions. The 

removable side platens enabled use of much larger 

consolidation increments than are possible with Kq 
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consolidation in a standard triaxial cell. The cell 

pressure yielded the most reliable values of KQ; 

pressure transducers inserted in the fixed end platens 

gave erratic results with an average K0 that was 

slightly too low for normally consolidated clay and 

much too low for overconsolidated clay. 

4. Results are reported for ten CK0U plane strain active 

tests. There were generally few experimental problems 

and the measured stress-strain-strength data show 

relatively little scatter once the test procedures had 

been finalized. It is concluded that the apparatus 

yields reliable data for plane strain active tests. 

5. results are reported for 13 ciyj plane strain passive 

tests. Of these, eight were consolidated in the usual 

fashion while five employed horizontal Ko consolidation. 

All but one of the vertical KQ consolidated samples 

yielded obviously erroneous data at large strains 

because of various sources of "friction" in the device 

and/or necking of the specimen. This resulted in mea¬ 

sured values of vertical stress that were too low and 

measured values of q = 0.5 - o^) that were too 
large. Consequently, undrained failure was defined in 

terms of when the measured obliquity of effective 

stresses iafj/av =: reached a certain value. This 

approach yielded a reasonable estimate of the maximum 

possible undrained strength from passive tests. The 

resulting stress-strain-strength data for normally 

consolidated samples were quite consistent, whereas 

data for overconsolidated samples were more erratic. 

It is concluded that the apparatus yields reliable 

stress-strain data for passive shear up to about 3 t 1 

percent strain. Failure conditions must generally be 
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interpreted in light of reasonable values of obliquity 

of the principal stresses. 

The strength parameters for active and passive un¬ 

drained shear of Boston Blue Clay at OCR values of 

one, two and four are presented in Table 5-2 and 

Figure 5-1 and are summarized below: 

OCR Type of Shear 

1 A 

P 

2 A 

P 

4 A 

P 

ef, % 

0.4 

4.3 

1.3 

5.5 

1.8 

7 

s /?r 
U VC 

0.34 

0.19 

0.57 

0.37 

0.95 

0.67 

0.8 

1.0' 

0.34 

0.82 

0.14 

0.49 

7. 

Thus passive shear, which involves a 90 degree rotation 

of the principal planes, causes a substantial reduction 

in undrained strength, a much larger strain at failure, 

and an increased value of Af. 

Undrained model footing tests with a strip load were 

performed on Boston Blue clay (Kinner and Ladd, 1970). 

Measured values of the ultimate bearing capacity are 

compared below to those predicted from the plane strain 

tests based on the relationship qult = 5.14 su, where 

su ecïuals the average from the active and passive tests 

OCR 
(s ) /0 
u ave vc 

Predicted 

c^ult/ ^vc 

Measured 
q . ./0 
^ult vc 

1 h(0.34+0.19)=0.265 1.36 

2 ½(0.57+0.37)=0.47 2.41 

4 ½(0.95+0.67)=0.81 4.15 

1.34 

2.42 

4.20 



The excellent agreement between the predicted and measured 

bearing capacity indicates that the undrained strength 

ratios listed in paragraph 6 above are reliable. 

8. Synthesized stress-strain curves and stress paths were 

developed for each type of test at each OCR. These 

relationships are presented in Figures 4-1 through 4-3 

for the active tests and Figures 4-6 through 4-8 for the 

passive tests. Passive tests yielded higher values of 

Young's secant modulus, E , at the same strain, but equal 

or lower values based on the same factor of safety with 

respect to the applied shear stress causing failure 

(i.e., Aq/Aqf). 

9. The plane strain data on normally consolidated clay are 

compared to CK^ÏÏ triaxial test data (active vs triaxial 

compression and passive vs triaxial extension) in Table 

5-3 and Figures 5-3 through 5-6. The results show that: 

(a) Plane strain active, versus triaxial compression, 

causes a very slight increase in s^ (both <t)u and 

Ac increased) and T , . more strain softening 

(probably due to formation of a failure plane), 

and perhaps a slightly lower value of Youngs modulus. 

(b) Plane strain passive, versus triaxial extension, 

causes a significantly higher value of s^ (because 

of a lower Af) at a much lower strain at failure, 

but the initial stress-strain characteristics up 

to about one percent strain are essentially identical. 

The close agreement between the plane strain active 

and triaxial compression data agrees with the findings 

of others. No other data exist comparing plane strain 

passive and triaxial extension tests. 
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10. Data on three normally consolidated clays (Boston Blue 

Clay, Undisturbed San Francisco Bay Mud, remolded 

Weald Clay), on two compacted clays, and on overconsoli¬ 

dated Boston Blue Clay show that CKoU plane strain 

active and triaxial compression tests yield either 

essentially identical stress-strain-strength data, or 

changes that can be predicted fairly well by the theory 

of elasticity. The major difference appears to be more 

strain softening after failure with plane strain 

conditions. There are some indications that "creep" 

effects may also be significantly different. However, 

from a practical viewpoint, it would appear that CKoU 

triaxial compression tests can yield reasonably close 

estimates of undrained plane strain active conditions 

for soft saturated clays. 

11. The only data comparing CK^Ü plane strain passive and 

triaxial extension tests are for normally consolidated 

Boston Blue Clay, which showed a significant difference 

at strains exceeding about one percent. Consequently, 

similar comparisons should be made for several types 

of clay and stress histories. 
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APPENDIX A - NOTATION 

Note: Suffix f indicates a failure condition. 

A indicates a change 

A bar over a stress indicates an effective stress 

Skempton's A parameter = (Au - Aa3)/ 

(Ac^ - Ao3) 

A parameter at failure 

Area of sample 

Skempton's B parameter = Au/Aoc 

Intercept of Tff versus õff envelope 

Void ratio 

Initial void ratio 

Secant modulus 

Height of sample 

ã, /0 
he vc 

Coefficient of lateral earth stress at 

rest, i.e. Kc for no lateral strain 

(51 + 53)/2 

(Oi - o3)/2 

Degree of saturation 

q at ^ - o3) max 

Time of consolidation after side platens 

are removed 

Pore pressure 

Backpressure 
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V 

V. 

w. 
i 

Wf 

E 

a 

a 

V 

he 

vc 

hm 

4> 

^ max 

Tu 

(fiTljc 
o 

CIUC 

CK0UE 

Volume 

Initial volume 

Initial water content 

water content at failure 

Axial(vertical)strain 

Total normal stress 

Cell pressure 

Horizontal stress 

Vertical stress 

Horizontal consolidation stress 

Vertical consolidation stress 

Maximum past horizontal stress 

Maximum past vertical stress 

Major principal stress 

Intermediate principal stress 

Minor principal stress 

at consolidation 

Effective stress friction angle 

^ at (c1/o3)max 

<j> at (Oj-o-^max 

Undrained triaxial compression test after 

K consolidation 
o 
Undrained triaxial compression test after 

isotropic consolidation 

Undrained triaxial extension test after 

K consolidation 

-112- 



CK UPSA 
o 

CÏTljPSP 
o 

A- 

P- 

Undrained plane strain active test after 

K consolidation 
o 

Undrained plane strain passive test after 

K consolidation 
o 

Shorthand for CKoUPSA 

Shorthand for CÏTDPSP 
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APPENDIX B 

preparation ano properties of boston blue 

CLAY AND MISCELLANEOUS INFORMATION 

Bl Batch Preparation 

B2 consolidation 

B3 Storage of Test Specimen 

BA properties of Batches 

Bl 

B2 

LIST OF TABLES 

Properties of 

Miscellaneous 

Batches of Reseditnented Boston Blue Clay 

Information on Plane Strain Tests 

Bl 

B2 

B3 

B4 

LIST OF FIGURES 

Picture of Dried Sample After Testing, 

tl •• 
II II II II 

Test A-7 

" A-9 

" P-10 

" P-11 
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31 Batch Preparation 

The Boston Blue Clay used for plane strain tests was 

obtained in 1966 during construction of the M.I.T. Space 

Center. The soil was stored in galvanized containers at 

a water content of from 60 to 80 percent until the fall of 

1968. The soil was then sieved through a number 40 sieve 

to remove the shells and sand found in its natural state. 

After sieving, the soil has been stored in 20 gallon plastic 

containers. 

Each batch of clay, containing approximately 11 kg of 

solids, is mixed to a nominal water content of 100 percent 

at a NaCl concentration of 16 g/1. The as-stored water 

content and salt concentration is obtained one day before 

batch preparation. Experience from preparing many batches 

shows the salt concentration in the storage containers to 

remain nearly constant. Distilled water and reagent 

quality NaCl are used to bring the slurry salt concentration 

up to 16 g/1 and the water content to 100 percent. The soil 

is mixed with a hand electric mixer and spoons. 

Prior to assembly of the vacuum chamber, the con 

solidometer inner surface is liberally coated with silicone 

grease. The vacuum chamber, having a 12 in. inside diameter 

and a 3 ft. height, and the consolidometer with the same 

diametar and a 10 inch height are assembled and evacuated 

to an absolute pressure of less than 4 centimeters of 
* 

mercury. 

A vertical three inch diameter tube with a valve, 

attached above the vacuum chamber, holds the soil prior to 

insertion into the chamber. Adjustment of the injection 

valve position and the use of a diffuser atomizes the soil 

as it enters the chamber. Insertion of the slurry is done 

* See Figure B-l of Kinner and Ladd (1970) for a picture 
of the apparatus. 
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very slowly and in several increments. Even with diffusion 

it iS possible for excessive air to remarn in the »oU. 

rnw fore after every second increment, insertion of y 
Therefore, alter evei.* slurry 
is stopped until air bubbles cease to escape from the slu 

surfaced Insertion time for each batch varied from 1.5 to 

3 hours. 

During insertion of the slurry the valves at the bottom 

of the consolidometer are closed and the vacuum is drawn 

lv £rom the valve at the top of the chamber adjacent 

the insertion tube. Within thirty minutes after inserting 
the insertion tu closed and a vacuum 
all the slurry, the top vacuum line is = 

■ fhen aoolied to the base of the consolidometer. The 

valve at the base of the insertion tube is 

opened slightly to allow the pressure in the cylinder ^ 

gradually increase to atmospheric pressure. 

top surface of the consolidometer. 

B2 Consolidation 

the vacuum unit, the con- 
Following disassembly or tne a 

solidometer is transferred to a Conbel loading freme- A 

rigid consolidation plate is put in place and an initia 

Stress of 0.07 kg/cm2 is applied for a few hours, 
consolidation stress is applied to ensure that the con¬ 

solidation plate is well seated on the soil before higher 

stresses are appliod. 

The increments of stress usually applied to the batch 

with the consolidation plate were 0.25, 0.50, 1.0 and 

Kg/cm2. The individual increments applied to the various 
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. j _ . i_ Q ï The final increment batches are s^arired rn Table B-l. The^ ^ ^ ^ 

of consolidation, usually ^vc 
the total increment time is twice that required for 90 

percent consolidation. 

The load is then removed and the consolidometer 

disassembled. The clay, in the form of a cake 12 inc e 

i„ diameter and four to six inches hiqh, is removed by 

lifting the consolidometer ring up from the base plate, 
lilting ^ , . nrior to assembly 
silicone grease placed on the inn 
„f the chamber aids in removal of the consolidometer ring. 

A piece of 3/8 in. Incite is placed on the clay surface an 

the cake is inverted with the base plate still intact. 
the Ca i-vio /-lav and the base plate to 
wire saw is passed between the clay and 

facilitate its removal. 

B3 storage of Test Specimens 

A twelve inch diameter cake yields between 8 and 10 

plane strain samples, depending on how the 

and whether the proposed test series require ^ 

K consolidated or horizontal KQ consolidated sample . 

the initial water content of the cake needs to be maintains , 

the clay is stored in a plastic container filled with trans-. 

former oil. The oil minimizes evaporation of the pore 

b4 Properties of Batches 

information on the eleven batches of clay used over a 

3.5 year period is presented in Table B-l. 
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TABLE B-l 

PROPERTIES OF BATCHES OF 

RESEDIMENTED BOSTON BLUE CLAY 

^ Loading plate januned so that final consolidation stress 

was less than 1.5 kg/cm2 
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TABLE B-2 

MISCELLANEOUS INFORMATION ON PLANE STRAIN TESTS 

Test 
NO. 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-10 

A-11 

P-l 

P-2 

Batch 
No. 

150 

160 

300 

400 

Device 

P 

P 

P 

P 

700 

1000 

1200 

1200 

1200 

1500 

150 

160 

B 

B 

B 

P 

P 

Remarks 

Conducted by J.W. Dickey, April, 1967. 

Conducted by J.W. Dickey, June, 1967. 

Conducted by J.J. Rixner, July, 1967. 

Conducted by J.J. Rixner, August, 1967. 

Test developed leak in pore pressure 

line, recorded less volumetric strain 

than axial strain. 

Conducted by J.J. Rixner, April, 1968. 

Front end pressure plate replaced by 

two transducers. 

Conducted by R.B. Bovee, June, 1969. 

Test was set up twice due to sample 

membrane rupturing at õvc = 2.0 kg/cm . 

Initial set-up resulted to 2.5% axial 

strain; volumetric strain could not be 

calculated due to leak. Front end 

pressure plate replaced by two trans¬ 

ducers. 

Conducted by R.W. Skellinger, August, 

1969. 

Conducted by R.B. Bovee, October, 1969. 

Conducted by R.B. Bovee, November , 1969. 

Conducted by L. Edgers, November, 1970. 

Conducted by J.J. Rixner, April, 1967. 

Conducted by J.J. Rixner, April, 1967. 
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Test 
No. 

P-3 

P-4H 

P-9H 

P-10 

P-11 

P-12H 

P-13 

P-17H 

Batch Device 
No. 

400 P 

600 P 

1200 P 

1100 B 

1200 B 

1200 B 

1300 B 

1300 B 

Remarks 

Conducted by J.J. Rixner, July 1967. 

Test developed leak in pore pressure 

line, recorded less volumetric 

strain than axial strain. 

Conducted by J.J. Rixner, March, 1968. 

Horizontal KQ consolidated followed 

by stress controlled shear by 

reducing the cell pressure until 

q = 0. Remainder of shear was strain 

controlled by increasing *he vertical 

load. 

Horizontal KQ consolidated by R.W. 

Skellinger, August, 1969. 

Conducted by R.B. Bovee, September, 

1969. Test was set up twice due 

to ruptured side platen diaphragm 

at Õ = 0.80 kg/cm2. Initial set- 
vc 

up resulted in 6% axial strain ana 

8% volumetric strain. Sample from 

Batch 1100 had a high initial water 

content due to incomplete consoli¬ 

dation. 

Conducted by R.B. Bovee, October, 1969. 

Conducted by R.B. Bovee, October, 1969. 

Conducted by R.B. Bovee, November, 1969 

Conducted by R.B. Bovee, January, 1970. 

Difficulty in measuring pore pressures 

during shear resulted in unusual 

stress-strain behavior. 
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PICTURE OF DRIED SAMPLE 
AFTER TESTING, TEST A-7

Figure B-1
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PICTURE OF DRIED SAMPLE 
AFTER TESTING, TEST A-9

Figure B-2
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PICTURE OF DRIED SAMPLE 
AFTER TESTING, TEST P-10

Figure B-3
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PICTURE OF DRIED SAMPLE 
AFTER TESTING, TEST P-11

Figure B-4
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APPENDIX C 

AXIA;, VOLUMETRIC AND HORIZONTAL STRESS 

DATA DURING CONSOLIDATION 

Figure 

C-l to C-6 

C-7 to C-14 

C-15 to C-22 

C-23 to C-28 

Title 

Change in Volume and Height vs Log Time 

CÏ^ÜPSA-3,4,5,6,9 and 10. 

Change in Volume and Height vs Log Time 

CK^ÖPSP-2,3,4H,9H,10,11,12H, and 17H. 

Total Horizontal Stress vs Log Time 

CK^UPSA-3,4,5,6,7,8,9, and 10. 

Total Horizontal Stress vs Log Time 

CK^ÜPSP-2,3,4H,10,11, and 17H 

-125- 



I 
I 
I 
I 

CHANGE IN VOLUME AND 

FOR CKJJPSA-3, 

HEIGHT VS LOG TIME 

OCR = 1.0 

-126- Figur« C-l 

A
H

E
IG

H
T
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HEIGHT VS LOG TIME 

OCR = 3.94 
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Figure C-4 
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FOR CKJÜPSA-9, OCR = 1.96 
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Figure C-5 
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Figure C-7 
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FOR CKJUPSP -3, OCR *4.25 

-133- Figure C -8 
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FOR CK8UPSP-4H, OCR= 1.0 
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CHANGE IN VOLUME VS IDG TIME 

FOR CKJJPSP-9H, OCR* 2.00 
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FOR CK.UPSP-I2H, OCR'3.96 
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Figur« C-13 
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Figur« C-18 
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Figur« C-20 



T
O

T
A

L 
H

O
R

IZ
O

N
T

A
L 

S
T

R
E

S
S

, 
*
 

(k
g

/c
m

3
 

TOTAL HORIZONTAL STRESS VS UOG TIME 

CKJUPSA -9 , OCR s 1.96 

-146- Figur« C-21 



T
O

T
A

L
 

H
O

R
IZ

O
N

T
A

L 
S

T
R

E
S

S
, 

<r
 

(k
g

/c
m

2)
 

TOTAL HORIZOTAL STRESS VS LOG TIME 
CKoUPSA-IO , OCR =1.0 

-147- 

Figu'« C-22 
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TOTAL HORIZONTAL STRESS VS LOS TIME 

CKJUPSP -2, OCR *1.0 
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ÜKjÏPSR-3 , OCR*4.25 

-149- Figure C-24 
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Figur« C-25 
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APPENDIX D 

STRESS-STRAIN AND STRESS PATH DATA 

DURING UNDRAINED SHEAR 

Figure Description 

D-l, 2 Stress vs Strain, Active Tests, 0CR=1 

D-3 " " " " " OCR=2 

D-4 .. " " 0CR=4 

D-5, 6 Stress Paths, Active Tests, 0CR=1 

D-7 " " " " 0CR=2 

D-8 " '' " " 0CR=4 

D-9, 10 Stress vs Strain, Passive Tests, OCR=l 

D-ll ” " " " " OCR=2 

D-l2 M " " " " 0CR=4 

D-13, 14 Stress Paths, Passive Tests, OCR=l 

D-l 5 " " " '• OCR=2 

D-16 " " " " OCR=4 
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Figure D-l 
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Figure D-13 



C
K

.U
P

S
P
 

T
E

S
T

S
 

O
C

R
= 

N 

KT 

i* 
b" 

CM 

-168- Figure D-14 



-169- Figure 0-15 



-170- 

Figure 0-16 



7 

BLANK PAGE 

N i/' 

r 

J c 

!! i 

t 
I 



APPENDIX E 

TABULATED DATA FOR SELECTED TESTS 

Summary of Consolidation 
Consolidation During Undrained 

Test No. Data Increments Shear 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-10 

P-1 

P-2 

P-3 

P-4H 

P-9H 

P-10 

P-11 

P-12H 

P-13 

P-22 

See Dickey, Ladd and Rixner (1968) 

X X 

XXX 

XXX 

XXX 

XXX 

X X 

X X 

X X 

See Dickey, Ladd and Rixner (1968) 

XXX 

X X 

XXX 

X X 

X X 

X X 

X X 

X X 

X X 
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PLANE STRAIN CONSOLIDATION 

TEST NO XEc *4 fù AY TYPE OF CONSOL ta a T/ON )/sx7 yTo 

/NC PE MENT * -íLJ.- TO / —kg/err? DEVICE £îaZAZJÆ£ 

COPPECTED V/Q _4-7\ Y2 . kg/err? Uß L E 0 kg/err? 

E/ops&d 
time 

(min) 

Dial 
reading 

(in) 

A Vot 
(CC.) 

S i o e 
Pi. ATf/V 

_ v~h kÿ/crr? 

Back End 
P/oten 

JjJjh^/çg/cn? 

f4o* r E/io 
P i ñr£.v 

JLÙ2ÛY _ ¿>.¿> — — 

- -¿*07 7 9 O* 0 2. YÆ 2. Y Y 7 y y 
ûfZN DK AJA 0*07*7 9 _ 0.Û 

• 

_ OI 0 J 0. ?E 2. YE 2. Y 3 2. y 7 
__ 2 -O *0277. _ /. 1 . YE 

-—i. Y + 

V 0.01*1 /.?2 2. 3 2 2. 3 O 7 3 3 
_ß. ^*on? _ 2.Õ2 2. 3 2 2.2 ? 7 3 1 

JO ¡Z¿i±¿Á z./i 2. 3 7 2. n 8 ? 50 

_LE 0.0.131 _ 3. V 2.3) 2.27 2 3 2 
—m. ¿LALßl _ Y.7.L 2.3 J 17 7 2 3 7 
_u_ O.Q¿30 _ ¿*/e 2.3 7) 7.2 0 2 7 R 
_ti.. -0.0*21 . 8.07 2.2 2 7.7 9 7 J /. 

Sá -0.0 8 7 7. 8.8E 2 2 7 2.75 7 70 
•71 0.70/7 7. 58 2.7 5 2.08 f 7 2 

J2.; Uí _ 70. Y7 2.07 7. 02 7.0 7 
_¿2JL 0.72 90 //. 77 2.00 7.9? / 

¡YJ O. /122 72.70 2.00 / 95 7 9R 
JH -Ù..- /¿¿3 ... - 72. ¿6 2. C£ 7. 92 7.9 Y 

_ J>, 7 UX 72.70 
■ /7 7 

■i iiiii mi. . 
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PLANE STRAIN CONSOLIDATION 

TEST NO UPSA - V TYPE OF CONSOLIDATION ¡/eA SI Am- 

INC PENE NT * / ¿7 - TO 2. Q- kg/crr? DEVICE Pm ê/LEE 

CORRECTED TIC V£. *9/cm2 Uß —/iSQ-— kg/cm2 
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PLANE S T F?/4fN CONS OU DATION 

TEST NO r.^ UPSA Ÿ TYP£ OF CONSOLIDATION /fFÏ 

tNC PE MENT *  LA- TO—kg/cm2 DEVICE 

COPPECTED r/c S, àâ kg/cn? UB -¿L££- kg/crn^ 

I Elapsed 
1 time 
1 (min) 

Dial 
reading 

(in) 

P Vol ] 
(ce) 

5/AF 
PÂA /FA' 

Th Kg/crrï 

Back End 
Floten 

(Ta *g/cm 1 

FfO/v7 Ea/Z) 

Piftrf'V 

7~h ’ 

It a/ 11 j a j F). 2\P Y û. 0 1 — / S2 I 2. /5 _ J 
1/ /i// ///y *-— 
I L A A D /) ï r il û_L Y. 32 ! 
1 L O fi L*l- 
1/0 PF A/ nxû JA ’ A. 2 P 2 2 r.ù__ï_ 1 1 

1 ù 7 K /).2503 0.2 8 1 /. _ — 1 4 
1 - 
! 2 /) 2 F 55 Û./3 1 ^ Ï2_ V. 2 /T 2 3_ 
1 ■£- 
I ^ n.i/m /./Ô 1 — 1 — 1 

1 // ô /JJ 1 Vù? J Y. 03 \ 
1 LL 
I ^ 1 /) .2 283 Uë 1 íUj¿2 VOY_ 
1 ? J /)292/ V.2 ¿ 1 */.0¿ 3AZ_ 1. ?î- 
1 ¿ J- 
1 VF n.?>oò2 5.26 1 ï.sv 3.72 .J 3^S-\ 

I Ci' /> \/)9V K. 23 1 — — _J 
1 ¿ 1 /) 3 /3 •/ 2 J/ 1 3.5J 3.5S 
1 * - 
1 a y /).3 12/ ¿.23 Z.5S i-5J ï A' 9 \ ¿ ' '—-- 
1 //2 y A. M fíJ 3. 2 S 1 3-S Y _i, Ï4. 1 3' V2-A i /u ~ j 
1 /2 e) /).113/ 2.5.5 1 3.5/ 3.3/ -- ¡ 5. ? 9 ! 

! J V 9 / 11*// 3.2/0 — j — J 
1 / y /— 

A 1*/// 3. 82 — — 1 j 
I 3/7- 

2. 52 9 2 % 1 ? ^ 1 

n r A -a • K F ¿ F AS/ 1 F/AZa l/KÆ.- 1 r ¿ as S- 
1 st o r a/ n K A .'A,' . • / 1 \/'AF33 P - 5J2. j /*: /‘/I- 
1 ¿7 y A /Y.- 

_ Õ.3VY& _ 2 2 7 I ** J? / s 

-f- I — 

•I — 

5 2 3.3) 3.2 2 "j 
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PLANE STP/VN CONS OLIDA T!ON 

TEST NO ZIZlLtJlR-^. TVP£ OF CONSOLIDATION Vf* h Ejl. 

INCREMENT . _ TO — kg/crr? DEVICE 

CORRECTED T,c ^ Y2— kg/crr? Uq -J‘ Kg/cm 
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PLANE S T PA/N CONSOL/OAT/ON 

TEST NO CX. ¿JPSA - S TYPE OF CONSOL/0/1 T/ON 1/faT >Ta 

/NC RE MENT * _LuÛ._ TO O kg/cm2 DEVICE P*û,&ïys>s 

CORRECTED T/c 3. V0 *g/cm2 UB Y. 50 Kg/cm2 

E/apsad 
t/me 

(min) 

Dial 
reading 

(in) 

P Vo! 
(CC.) 

S / D £ 
P L Ar*W 
Th k-g/crr? 

ßoe/r End 
P/oten 

Th kg/errr 

Faoa/T E*o 
Pt 4r* a/ 

i h AJ/<•**- 
2A'/Z//9¿ O. /2SX ._ 0. 0 - ^ 5 £ y .y 

yaad 0. ’*■' - • * ■'> 
. <■ , 6 2.9 B 1.0 ^ 2 ./y 

ÙPIA/DXA1» 0. '285 o.p • 

_A JT fi. /«SC 0.: ' - ? J — — 

2 û. /502 ) * ^ ~> £ > 7 — / ^ y J\ :V 
-t j. ./ 

Y 
-ô. /5/2 

—V .0, /S/8 . /. y y 2,Ô2 y. /5y y. 8 y 
Sj ’ A *, ~> :.ÿr 

U o./scc : A/ •7 U Í . /S y, ?r 
— ✓ ’ r~ __ S 

2Û ~ ï? - 

1 * ' r z / , / 
■* *■ . » * o' 

' * -• y. y / 
n 1 / »/* •» 

X ? / /A 1 ' V..? J —» _ y. rr 
<3: 2. /8/ V V / ? y ..-ryr 2. ¿0 -T / 

22 3 û, J? 28 r, ¿.\ * r <■ 1. ^ " 
*1 • , 

... 2X2 L, /28/ A ’ // 21 ^ \ 
/22 8.:20/ 2. ' / - 0 / 

2/2 J. 2020 " Y 9 
i s * 0.2/00/ ¿ ./2 2. Y Y 2 VA y. ,?y? 

- 1/2 * Ó.2Ô19 ¿./A 2. Y Y 2. y 9 y 
*> 2 / 0.2O9Y ¿. /8 2. Y 5 2. Y ^ y. -'-T 
X22 0.2/OS 0. /£ •> 4//? 2. Y S 2 . Y Y 

*-r2S > ¿A/JÆS 
y / 2 O 

-.j 0.2/57 C./5 i». yj 2. 5 3 2. 50 
*. #V 2, 0.2/ 72 0.2 / 

9 0.2/8/ 0, r 3 2. 5¿ 
- -T ' 0.2/ 20 J,.5^ -> ¿'5 

M2 
Js •> V > ■» 

> . y _7 

5/ ° 0.2225 ¿.YY 2. 55 
•n • / • 

_ I25 r ï ‘ L' * / / 2. f J 

- -0.2S~5 .'■OS 2. Y Y ■» —'y 
¿il c* -L'/Hii.V 
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PLANE S T PA/N CONSOLIDA T/ON 

TEST NO -"/T- /J PS fi-S TYPE OF CONSOLfOATfON AÍS 

/NC PEME NT » > ■ 0 TO ^ ^ kg/crr? DEVICE .FfiCfWffm 

CORRECTED T,c Vt J-¿. kg/cn? UB —/<54— kç/cm* 
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PLANE S T PAIN CONSOL/OAT/ON 

TEST NO UfSA - S JVPE OF CONSOLIOATION IfA T <t<2- 

! NC P EME NT » 3^_ TO 2.2.1. kg/c^ DEVICE 

CORRECTED T,c 3,/^ ky/cm2 Uq —A Sã— kg/cm2 

Elopsad 
t/me 

(min) 

Dio! 
reading 

(in) 

O Vol 
(ce) 

5, DS 
Pi A rsrr 
Th /cg/crr? 

Back End J 
P/oten 

Th kg/crrr 

Frc'y? F//o 
Pi * rs/v 

F» Am1 

T a/ jT A À. /).30 J 9 A. /2 — 2.80._ 2S¿_ 

L ÛAD J) 3Û/.E 0, 0 2,/â . ^3 j_ 

/)PrA/ DKAl/ÿ /). Aô/.r £>.û 
• - — 

/ /) AC/ti -¿U Y . 2.2 0 2.i ? -?■ y*' 

y o. Aû/y -Ó.lE . 2.3Y -?■ ï£._L 

a. ao/o -a. 3 Y 2.3? S, lé. 
j y /) A or)A -a.3¿ l.YE 2¿0_ 2‘75 .. 

AT /) .AOOñ -œ.yo l.YS 2.0/ 7. 7T 

2.Ç O. 3DO¿ -0.Y3 2. 52 2 ¿2— J .¿fi 
% 2 0. 3000 - O. Y Y 2.53 2.02 2. 20 

V/ o. An¿>¿ - /2. Y Y 2.58 ï 7 - * ^- 7, ¿¿... 

¿ ¿ /), 3 00 Y - O. Y S 2.58 2.0/ 2.^7— 

fil 0. 300Y - O. S2 J. S3 2. ¿Q ^ 75_ 
j / y O. 300 Y - 0.5 Y L^J. 2. 5? 2.0 Y 

s¿/ A . 3 OO Y - û.SY ¿.¿3 2.5 7 2‘..Z£_ 

JT ¿ O 3 Où Y - O. 0 Y 2. 0/ _ 2. 5 Y 

J9 ¿ O .300 Y - 0. 0 ? 2. O/ 2. *Y ■ 7- 7Û 

/7 r Lf ASA P/ A TT’/). A ~ - — 

2 ¿>J O. 3 00 2 - O. ?5 l.¿2m ¿JL2. 2.73 

2 J ' O. 3001 - O. 2¿ 2.57 2S. 

A. 300 2' - /, / 5 2.0/ i.e/ . 

U) £ £lf Pr< s ,5 ¿/x* 
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PLANE Q J MIN CONSOLIDATION 

TEST NO !JPS A-6 TYPE OF CONSOL IDA T/ON L'*a 7, 

INC PE MENT . —2-1Ã.  TO A&0 kg/err? DEVICE J2&ÛL4LX& 

COPPECTED r,c Hg/crr? UB _L.SQ kg/cm* 

Etopsad 
time 

(min) 

Did 
reading 

Un) * 

A Vo! 
(cc.) 

S/or 
P latia/ 

Th kg/cat 

Back End 
Platan 

Th kg/cnf 

Flo^ff Bajo 
PLATIA/ 

F* /fß /«*•' 

ÏJV/7JAL a. loci5 0. A — 2.// 2.6 J 
ta An A. 2 16 J ... A. A /. 90 2./9 2.2 ¥ 

ÙPf,V MAJA A.7 96/ 0.0 * 

/ n.2176 -0.2 6 — — - 

3 0.217/: -o.y? /. 1/ 2.22 2.2 0 
S 0.29/.6 - 0.62 2./6* 
¿ /.29// - A./O 2./6 2.36 2.36 
J! A. 2 1/2 - 0./2 2.20 2.36 2.¥2 
U A.11/Ô - o./y 2.2/ 2. ¥/ 2.¥/ 

- 1 -î A. 2 96/ - 0./2 2.3 ¥ 2. ¥3 2.62 
J A. 2161 - 0.// 2. ¥6 2. ¥¥ 2.62 

_ A. 2161 - o.// 2. V/ 2. ¥3 2. ¥6 
IA â. 1 fS/ -A./6 2. ¥/ 2. ¥3 2.¥6 
9.r A. 2 16/ - A./6 1. ¥7 1. ¥0 2.60 
y// 0.2160 '0.72 2. ¥/ 2. 3â 2. ¥¥ 
J5¿ A. 2 960 -O. 7 ¥ 2. ¥¥ 2.3 6 2. 62 

Et LIA SA Pi ATE A s - 

JY& Û.29V6 -0.61 J. ¥6 oí 2.36 1. ¥2 
;s¿ 0.2 ivy -0,67 2. 30 2. ¥0 
s¿¿ o.:?V3 -Û. 9/ 2. 36 2.S/ 

- Yß/ 0,2? ¥3 -0.92 2.39 2. ¥6 
97/ A. 79 3 9 ?7 2. ¥2 

0) CALL PASSSHJCL 
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PLANE STPA/N CONSOL/OAT/ON 

TEST NO rX.UPSA'S TYPE OP CONSOLIDATION ¡/£Af, Z'a 

INC PE NIENT • h 5$_ TO —¿LJLL. kg/err? DEVICE PRtíftMI 

CORRECTED T,c ? leg/cm2 UB  /t Ÿ 2- kg/cm2 

Elopsad 
time 

(min) 

Dio! 
reading 

Un) 

A Vo! 
(ce.) 

S/oe 
P¿Ar£A¿ 
Th kg/cnt 

Back End 
Piafan 

Th kg/cm 

pAOA/r E^ o 
pLñTJF^ 

Vh X>/<m' 

TA//7JAZ J.2 93 9 ¿7.0 - — 2> Y2... 
LOAD ¿2.292 0 ¿7.0 /•43 . / ¿ /. 9.r 

ÕPíA/ DA AJA D.792 7 Õ.0 
• • 

AT A.272D -0,22 /.a? /. 7/ /•78 

¿0.1943 -¿o^s /. 03 /•8/2 2,0 9 

¿ /0.2 A 9 V -A// /. 09 /.8¿0 
/0 4.2332 - A AY /.30 Lia. 2</S 
J ¿ ¿0.13 02 -Û.9V /.¿j /. 97 
l¿ £).23¿:¿ -¿0.99 /.6 9 2,0/ 2 , /0 

¿1.2838 -Õ. 9 9 y. 9? 2,¿0Y ¿.Oí 
33 a. lass - 7- ¿02 2.00 2 í 02_ 2-2/_ 
VE D. 18Y9 - /.¿2Ú 2.4 9 2> JO 2.2 3 

¿C ¿>. 28 VS - /,ÚS 1./04 7 . /0 _¿ i ¿À_ 
n¿ /7.23 Y4 - /.20 1.03 2. // i *> / 

Û. 28 VS -/.o? 2.00 2,// 7 7 3 í *L 1- 

/¿7/7 A. 2 3 4// -/./y 1J2 _ 2.//_ 
7 > / sLlj. Y- 

// r 0 .18 VO - /, / s 2,./2 2. /0 2,2.1_ 
JV2 A.18 YO -/. 2 O 2. /3 _2.U/.Ù._ 2.2/_ 

JA V ¿0.28 S9 -/.2 0 2./2 2-03 ■- 

2 J D D.2PS8 - /.SE 2./3 2 .¿8 2*2/_ 

V ?D ¿7.23 34 SO 2./2 2> OE 2. 21___ 
Rr/ rAir P¿ A 7 f.VS — 

VYA /7. 2 83/ -ÁE9 2./20, • 

'T/DE /0.2 82 9 - /. OS 7. 2J¿ 
E2< ¿0.282 0 -/. 3/ ¿ ■ 2,/2 

D. 2 822 -/.87 2.03 2 • / 7 

XA 2 O. 282 / -/. 90 2,03 3./9/ 
zv¿ /7.7 8/7 - /. 98 2,02 2. /3 

JV v¿ /7.2 3/3 -2,09 /• ?./— 2>/~ _ 

ül cr:¿ PAF^’JH 
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PLANE ST PA/N CONSOL/QAT/ON 

TEST NO C^UPSA-á- TYPE OF CONSOL/OAT/ON VtEXliJ- 

tNC P EME NT • û TO GjJL kg/cm* DEVICE faàTüTtté 

CORRECTED T,c —2^¿i- *g/cnP Ue —Z*Où- kg/cm9 

I Elapsed 
! time 
1 /min) 

D ial I & Voi 
reading (c.c) 

(in) , - 

S/D£ 
Fiat mas 
Th kg/crrt _ 

Back End 
Piafen 

Th kp/enr 

Fpofirr Emo I 
PlATK* 1 

jTT 1 

1 Ta/jtjAL A./) \KÛ 1 û. Û 0.0 _ - - i 

I i /iAn A A3PS 1 a. Û 3.3¿5 . - — 1 

\ fi Pfa/ nfA/A/ A. P 38X 1 O. O 3 3Ö* ** — 1 

1 / Û A ¥2/ 1 J.¿3 3.30 330 3.3J_1 

1 7 A. A ¥2 ¥ 1 / 80 3.30 321 S-H_ 

1 3 A.0V2 8 1 2.00 3.30 _ 3.31_I 

1 X A.O¥32 1 2.22 3.2 A 3.¿<¡ 3.30.-1 

I JX A.AVOO \ \.E2 3.20 3<2S - '3. 2*_ 

1 19 A. A ¥ß/ 1 3. Í.X 3./? 3.23 _ 3. IX.-1 

I 3X A. AX 13 1 ¥.J? 3.y? 3.23_ íjj._ 

I */0 A. AX 2¥ ! V.2X 3.J7 3.22_ 3.1/_ 

1 ÄÖ a A 8.3 0 1 V.l? i.n 3.20 3.17 

1 /y? a. Axxé 1 y. SS 1.11 __ -¾.— LUS._ 

1 nx A A.XO2 1 0.58 3.22 _ íu¿Z_ 3./f_I 

1 1XS A.AXVÚ 1 O. OS" 3.22 3.;¿— - 

1- 
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PLANE STRAIN CONSOLIDATION 

TEST NO erTSPSA-t TYPE OF CONSOL/OAT/ON K/Vf/ 

/NC PE MENT * 2  TO ÛjJL kg/cm2 DEVICE 

COPPECTED r,c $. LZ Hg/crr? Uß  3,00— kç/cm* 

Elapsed 
tin'll 

(min) 

Dial 
reading 

(in) 

P vol 
/cc.) 

5 / O £ 
Pi AT£A/ 
Eh trg/cn? 

Bock End 
Piafen 

Th *9/crrf\ 

Er c/v ^ /l/o 
PtA/rsy 

F? 

7/JJTJAL ¿.o/ri/i /.0 - 3 /£—1 3./2 - 

LOAD /./)/00 O.0 3.y? - 1 

apfa/ npfiiAj /). Û/10 0. 0 Î.Vf . - 1 - 

2 /) />/IS /./2 3. Ÿ? 3. yy 3. ^ 

7 /1 ¿)/¿ S / 91 . 3. y? 5 Y/ 1 i.yj— 

U 0./)/ 9 S’ 2.2 7 i. y? 3.V0 3. y 6) 

/7 0.072 7 1.62 3. y/ iAi i 3. yû 

12 0.07 St 2.3 V 3. Y/ .. 3.3 8 J />.38 

HI 0.0 7EO 2./Û s. y/ 3.3/_ 3.37 . 

V2 ).0 AO .3 2.6/ 3.y/ 3.3 5_ 3.3 0_ 

SZ './>331 2./2 3. y/ 3.3 .E L Ï<A2— 
o ./AS3 2. 72 3.y/ 3-3? — 

72 /.06/6 2.61 3.y/ 222_ 3. 

IS2 7 Û.ÔA ?y 3 . J 2 3.36 3.3/ 1 /. 1 o 

/Y2 A 09)3 3.)0 l. 30 3.2Ô 3.2 ? __ 

1/,1 /091 7 3.22 3 30 3.2Ó— 3.¿a 

) 9 9 / 0 92 E 3.2V 3. S O _3.2B 1 3*2-2. - 

Km i X 4.< E 
12 Z 0.0 9 9/) 3.1 0 , , /» 3. n 5. 3 E 3.3S- 

yrj j ••..» / 
0 )0/)0 3.3J 3.3 0 3.33 3.3 ^ 

2 Y Z /,.)/// 3. Y7 3.3 E 3.3 V I 3.3 y. 

/). )/YE 3.62 3.3 1 — 1 — 

(1) C£t.t P/tf a S ii/>\ ' 
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PLANE ST M/N CONSOUDJTION 

TEST NO. 2ZZúL£¿A¿- TYPE OF CONSOLIOATION 

/NC PE MENT «  ÚS.— TO Aû - kg/cm2 DEVICE fa/éUSA 

CORRECTED T,c  i-2i Kg/cn? Uß —4P- Ag/cm9 

Elopsad Dio! 
time reading 

(min) 1 jin) 

A Vol 
(CC.) 

77Z? 
rtAT**' 
Th kg/crR _ 

gocé End I I 
P toten Pi at** I 

Th *Q/c*f\Vl F* A »A 

T a//T/ Jt / 1 /) Jrf ¥.E ~07û — — 1 — 1 

1 /AA A 1 A.JûTS A ¿> *. AS - I ~ I 
1 adêa/ nrA/sÀ A /¿)Ÿ3 A.û _ I - I 
1 >/u \ A /0¿ # A. 7* î.BS __ — 1 — 1 

î ; 1 a jûA?ï A. TO . %.JS a ?r .s. □ 
1 ? I A. /O TT /.óf ATS » i' 1 t.?/— 
1 j 1 & * _i ” \ ‘M V ^ S 

n u I/? jjifi 7. S S 3. fã— * ¿y \juU—\ 

1 /T 1/9 JJ Tl A 9.E 3. % Z.1 1 Z.iC-1 
j— — j * )■} 22 2.24 Z. ¿ E — I ” ] 
1 i n T n /2 ¥9 2.ED ¡l^£. 

1 \0ül Zi 2. ?.r 3 ¿Q -.1-1 

2< Y«. /3 56 

à * *3 y_ 
**_1 _1 

1- /¥2 S 1 
1 r/~Â 1 /0 /¥33 V.AV 3.^ 3 ^ „ 

3. 1 3 , 
I y 1 » / Æ Æ Æ 
1 ^ ¥j j j /) f*/S£' - j - 

1 Vj 7 1 ^ / ¥ 72 ¥.2 E i .EV I S.EV 

1 22? 1 A. / El/ V.V2 i. yj> i™ ^1. yyl 

1 1/9./r3 y J » Am l.VO â.3 7_ 

1 y S 6 5 1 Lr* /vV { ¿ 3. 1 J. 3 ¿ . 

-190- 



PLANE ST MM CONSOLIDATION 

resT NO TTTü-psA-c .. type of consolidation Xejul-Ea- 

incpement-L4— TO-U-kglc'J device Isazoeeu 

CORRECTED T,c —ÍÍ21 Hg/cnf U g *a<:> 
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PLANE S T PA/N CONSOL/QAT/ON 

TEST A/O CX* U PSA -C TYPE OF CO A/SOL /DA T/ON VeAE Ka 

/NC PE MENT • j 0 TO kgferr? DEVICE pAaTû/tAF 

CORRECTED T,c , QA /eg/cnP Uß —Z^ûû . Ag/cm9 

Etops*e/ 
time 

(min) 

Dio/ 
reodinq 

Un) * 

A Vo!. 
(CC.) 

3/D B 
Plata a/ 
Th tg/erA 

Rocé Ene! 
P/oten 

Th *g/cnf 

9x0*7 Ea/jO 
PiorvA/ 

*»/* «i * 

Ta// TS A L O.IEOJ Ô.0 - i.ST 3.a y 
lúa D 0.2X3 Y 0.0 0.0^ 

apfa da aja/ 0.1X69 0.0 ¿,as“ - — 

Vy 0.20/7 o. so o.os y 
• 

/ ú.2¿yy 0.8 0 /OS 0.0/ 5.79 
2 0.2270 /.o? 0.02 S.92 S.¿7 
3 0.127/: / 90 S.?8 S.ST 5 02 
S Ô. 1 70Û /. 7/ 5.98 5.8/ S. 61 

. 8 0.2303 /•90 S.BS .S.77 £*££ 
1 _ 0.282 7 2.0/ f.É3 
/0 O. 28V3 2. 77 S.8J 5.70 6. y? 
/A 0.2 717 3. SO S.7S 6.7/ € 
20 0.299? 9.20 S7.S 509 5 92 
*0 0. 20 7 8 S./B S.lú S.¿ú 5J0 „ 

0. M/S 0.32 S.00 5. SO 6.3 y 
o. 32 i.r 0.82 s.s? 5. S 9 5.3/ 
0.338/ 7. 93 S.ff s.ys 528 
0. 3 958 8.93 S.98 5,37 52/_ 

0. 390/ 8.7/ s. yj 
///) /0.3979 9. O/ S. 38 — — 

ji.^r 0. 3S5Ô 9.3/ S. 38 S.3Û SLn. 
/¿2 Û.3S?/: 7. 90 S.JJ 5,29 5./5 
J9X 0.3220 /,+ ? O 

/y i Jm y S. 32 5.21 J12Ã_ 
2 VA 0.30 S3 /0. S2 S j2 7 
*/ y 0.30 8 9 /0.8/ 5.2 7 6. U 5.53 
Vú2 0. \¿.79 /0.80 *.27 6/y £ 

'•MUFLIO 0. 3 7/Y //.oo 5.2/ 5.00 5,8 5 
0. 3 730 //./o S..22 V s. // £ IB. 

320 0. 37 V/ ///1 5.09 Y. SO 
/*?< 0.37S7 //.yo S.22 Y.88 LjU 
/f¿¿ 0.3700 /:.?/ *.// — 

t>) C£¿S />Af3z:irr 
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PLANE STRAIN CONSOLIDATION 

TEST NO cTTT/P 5A- 7 TYPE OF CONSOLIDATION i/fFT* ¿A. 

INCREMENT • J ' £ TO éLuSL kgfcrr^ DEVICE f tarùT/fï 

CORRECTED T,c r ■ u<L Kg/cm2 UB —¿¿JL— kg/cm2 

Elopsad 
time 

(min) 

Dial 
reading 

fin) 

/) Vo! 
(CC.) 

. >/ .■* 
.rrf UK u.tS 
Th kg/cnï 

Back End 
Pfoten 

<Ta tg/crrf 

fxcA-r />. 
PiAPr.y 1 

i * /» /c./» * 1 

1/jjT/A L 
p * à.a - 1 

¿ A A A A Û iSk A ¿ 2.a:- - Î 
ñP/A/P tP ' A . .0 / P * r.A s. a o' - 1 

.3 A. 02^2 2. DO. - - I 
/> OIAS 2. as ... 2. OC — 1 

¿ /), AJAS :. // 2. OO 2.20 

// a. ûi,i -r 2.* a 2. ;■ ?s J 
/r A A2:*> 2. y 3 /.?£ ... X J 

A.ÔJASr 2. ?/ /.?& /■> ?r. A 
3. ÛA ?8 '•ir ¿i&a 

A. AJA.S 2.3? / ?â /- 9 J 1 

j 
1 

H 
1 

1 

J 
j 
1 

1 
j 
I 
I 

-1 
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PLANE STRAIN CONSOLIDATION 

TEST NO ^ U PS ft - 7 TYPE OF CONSOLIDATION fatf* 

INC PE NE NT * — TO—¿Jl—kg/crr? DEVICE PMWtEf 

CORRECTED T,c ZjSJL kg/crr? UB -kg/cm9 
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PLANE STPA/N CONSOL/OAT/ON 

TEST NO CX* U PS/)-1 TV PE OF CONSOL Id A T/QN . S'9 

/NC PE MENT . _¿_¿L_ TO 2,û kg/cm2 DEVICE 

COPPECTED r/c - jL££ Ajr/tm2 Ap/cm2 

£/op sea/ 
time 

(min) 

Dial 
reodinq 

(in) 

A /Ol 
/cc) 

Ce ic. 
P* es s ors 
Th *g/crr/ 

ßocir End I 
Pfoten 

Th tg/crrf 

/pó*// 5/c 
Pi A.rrA' 

&*> Fß/c *.* 

Ia//7/A¿ ¿.OS" Y Û.0 _ 2,3/ 2./5 2.0)7 
LA A/) P.ÔSÏ5 0.0 3.3/ 

DPIa/ DAA/Y 4.0115 Û. o 3.3/ * —• — 
__ y o.ôyvi 0.7.8 3.5/ 2, 75 2,7/ 

3 4. OY 5 9 I J, SÔ 3, 5' 
.T o.oY/y 0. 70 3.22 2,7/ O'jel 
? S.L Yi' - • • i 3./5 
/2 /. o / 3.00 2. 50 2.50 
2P> ¿.OFF* . /,29 r J ~ 2,5 y 2,55 

on ¿/y /.V 3.32 2. SO 2. 5/ 
JJV 4.0023 2.03 2. 93 -, YÂ 2. 53 
/7V 0.0 ¿34 2./5 2. PP 
/9V 0.0 030 2./? 2. ??■ 2.5/ 2,5 3 

Rite ISP Psstrs/yS - — 

7/7 4.0 07/ . 2.30 2.8/ 2- 05 ~9 2 7 

230 0.0 0?¿ 2. yo 2. S3 2-Ou 2-áS 
2 VO 0,07/2 2. 50 7. 83 2. ¿0 2. 2/ 

PIA7P/V-3 Efir.-iSfD . — 

75/ 0,0 7/? 2. s y 2.83 2. ¿y 2,00 
V/7 DA? ï? 2. 3 / - 

LV/Y Û.£»7£ 3. 33 7.7 9 ^ 2. y/ 
JSÒY ¿>A 7SY 3, Y¿ 2.7/ 
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PLANE S 7RAN CONSOLIDATION, 

TEST NO r^uPSH-'l TYPE OF CONSOLIDATION YíjrrXa. 

,NC*ENENT . TODEVICE 

CORRECTED TIC ^ £2- Kg/cnt UB 
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PLANE STRAIN CONSOLIDATION 

TEST NO I. TYPE OF CONSOLIDATION ft A/' 

INCREMENT • _^ TO—^ kg DEVICE Ktli/X* 

CORRECTED TIC ^ ÍjL kg/crr? Ua -<L£— kg/cm* 
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PL AMF. S riPAIN CONSOLIDAI ION 

rr.sT mo 

tNCr?F M£NT jïmL 

1 te 

TYPE OF CONSOL IO A T/OM J¿£&£±-Á±. 

TO * û kg/crr? DEVICE Mazazo 

kg/cnf u B -VcmS 

-?.oo- 



Plane strain consolida t/on 

TUST NO /JPZA - 7 7YP£ OP CONSOLIDATION Sa. 

! NC PE MENT 1 ^ / £ TO ^ kgfcrr? DEVICE /^ g/eS/Cf 

CORRECTED T,c  7.JL2 Kg/cm2 Uq  LS.— kg/cm2 

Eloosed 
time 

(min) 

Dial 
reading 

(in) 

a Vo( 
(ce) pAPÔSt/Af 

Th pg/cnï 

Back End 
P loten 

Th kg/cm 

Sacs/r Ta/a 
J*i a 
! h Pp/“»1 

Ta//7JA L a./92 A O. ¿7 2jL . . - 
¿a a/) a ./9*a A.A 5.(79 — — 

ß P*A/ Aß A J// A. /9.1 A A.ô 5.09' — — 

a A . /97/ -Ô. A? 5.0 9 Z. ? £...- îLlLL 

/? A./?&n -ON? . S-û? ] — 

Z? ô , /987 -O.ûf . SdO .1 ??_ V. 2 Y 

ST A. /99T -/O.OY 8,05 3. 7.5 4LAA_! 
IS 9 A. 2081 û. 3/ _5. ôO_i_2. ?¿- _ Vi /P-_! 

PL ATP A/S AP LP AS A a — — — y. --< 
ISA a. msi ô. V/ V. 75 J V.O ¿ - - 

*/ÔS 0. 2/093 ¿>.S / V.8T Y< ¥.YÛ 1 
//V9 A. 2/t/7 /.¿>4 i V.AÇ Y,3-¿... * 
N 99 ô. 7/SV A Û3 _ytzsL - _ 

_ i 
i 

_ _ 

—-——-^ 
i 

T ¡ • 

L_ i. 
1 i I 

í ! 
! j _J_ 
t _ _L ... .. --i-. -J 

' I j j . .- ._ : t 
t "1 * 

T 

1 t__. T ... 
_1,__ 

1 
.1.— -i. . 4 

L-.....-- _L_ ____- 
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PLANE STRAIN CONSOLIDATION 

TEST NO. ^ UPS A-? TVP£ OF CONSOLIDATION .¡/eFA 

INCREMENT * ¿ _ TO-5Lu£ kg/cm* DEVICE PXnMHEÄ 

CORRECTED TIC -2JÍÍ kg/cm2 Uq —kg/cm2 
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PLANE STRAIN CONSOLIDATION 

T£ST NO. s'** Ü PS A - 0 TV PC OF CONSOLIDATION /¿AT <fû— 

INCREMENT * _ TO_. kg/cm2 DEVICE fAaNMJ- 

CORRECTED TÍC — kg/cm* UB —Z-Ú.-kg/crr? 

Elapsed 
time 

(min) 

Dial 
reading 

(in) 

A Vat. 
(CE.) 

^ t lir 
pA06iCiAB 
Th kg/crr? 

Back End 
P/ofen 

Th_ pg/c/iL 

Fra»r E*/> 
Pt. A 7*as 

(h F/f Am1 

IajiTJAá A.2UE /).0 y. 9S — 

LA AD A.2/AÛ ô.â X.S3 — — 

/¡P/a/ Û/MM /0.2/¿¿> û./> 3.S8 — 
— 

! A. 2/EE -O. A 9 3.¿2 — — 

V 0.2/ E3 -OJ*/ 3. y y — — 

5 A.2/E0 -0-/9 3.8Û 3.80 y.3o 

9 A.2/V7 -Û.22 3.30 — 

2 0 /2.2/VE -/) ,3/ i. 82 3-9/ y. 32 

A/ Ô. 2/Y3 -¿.3/ 3,?/> — 

PIA 7/A/M K/ISAM//) 3. 90 - — 

2/) 1 /0.2/3 A -ô.y/ J/ 7S 3.8S ^ jj_ 

2.AV 0.2/iß -a. y a y 03 3-sy y-/¡/ 
A JV 0.2/2 A -ô. y? y. oi - 

IAEA A. 2/3 0 -A. A? y. je _. y-¿2...- 
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plane STRAIN CONSOLIDATION. 

TEST NO ETTTjPSA-'I TYPE OF CONSOLIDATION Vi/tT• &■ 



PLANE STRAIN CONSOLIDATION 

TEST NO /jSSA-I TYPE OF CONSOL/OAT/ON ¡/¿AL-ÄA 

INCREMENT - ^ TO /<-£- *9/err? DEVICE 

COFPECTED r,c & ?jL fcg/cm2 UB ?t£— kg/cm* 
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PLANE S T PA/N CONSOL/DAT/ON 

TEST NO UP$P-2 TYPE OF CONSOLIDATION ¡/¿Af, ¿A. 

/NC PE MENT * ó > 1_ TO , kg/crr? DEVICE Aâû/ûTEEâ 

COPPECTED T/c _/- ?JL fcg/cm2 UB —- kg/cm2 

E/opsad 
time 

(min) 

Dio/ 
reading 

(in) 

A Vo! 
(cc.) 

5)0 f 
Pi Are a/ 
Th kg/crr? 

Back End 
Platen 

<Ta kg/enf 

Pp o*/r E//C 
Pi a re# 

X»/<*.' 

E/V/r/JA /).0 0 AX 0.0 _ — — — 

¿ûAn /)./)/, AX 0.0 - — - 

DP/a/ nxAW 0 . /) VY2 0.0 2.01 2.00 A fv? .. 
5 P. PVY2 2.92 2.00 — 

S A. ÛY/? 2. 92 /. 98 /.82 /¿& 
ñ /). O.TY/ A. YO /.00 /.7S /¿y 
// 0. OS 92 8. 92 /, OO /,7/ /<¿0 - 
2 / /).ú¿ 9/ ¥.S/ /, oo /.01 /■ i'O 
2fi A. 095 A Y. ?3 /, SY /OS /S 3 
4M 0.09 s. r? /, S3 /.OO /■ 

0. 08/8 //.9 9 /. X? /'St /, y s . 
ov O.O&YV 0.0/ /, Y2 ASS /¥2 

soe A. 08 92 0.22 /. ¥2 /.sr /* ¥£> 
/.XE /)./)9// 0.02 /.¥3 /, s r /<3 S 

R FIJAS I Pi r /isss - 

¿Al A.09AS — /. XX /.y y /<3 ï _ 
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PLANE STRAIN CONSOLIDATION 

test NO ¿/aUPùF - ? TYPE OF CONSOL tO AT/ON y^/rr. /To 

/NC PE MENT ‘ -- TO LlP kg/cm2 DEVICE Sa arar*/* 

COPPECTED V/Q —Z¿?2. ky/cn? U q /,04 kg/err? 

Etop sad 
tima 

(min) 

Dia! 
reading 

Un) y 

P Vol 
(ce.) 

S / ¿>¿- 
Pi ñr/sy 
Th kg/errï 

Bock End 
Pfoten 

Th kg/errf 

pAC/rr Fsyc 
Pl 

iDNJyjU. A ?3E /. y y /. y y / ? é? 
S.ÛJAE ô.ô 

ÙP£M DR A)A/ Ô.C911 2.? y' 2. 8.r 7.7 V 
- y* <umji ó.¿1 2. 93 
_2 Ó.C>?¿¿ - />// 2.2? 2. ¿ 7 2. ÏO 
_^ -S. IPSO /. ay 2.EQ 2 . SS 2. y o 

9 ¿>- ¿0 7* 2.37 2, y s 2. SO 2.3 0 
_iS ô' //¿y 3.¿>9 2, 3 ¿ 2. y s y. y y 
_2p S- i2 VÛ - ¿ SS 2.22 2. 3 S 2. J E 
_is & ¿l¿£ . 3. 9 y 2. OS 2.3 0 2, y E 
_IE ¿> JXf 7 v.¿/ . 2 >08 2.2 ,E 2.08 
_vs CL IXÍã S. 2 V 2,07 2.23 2.02 
_¿V Ç^LLU. E.ai /,?? 2 . /2 J. 97 
_ û./SZû ¿.yy /.9 9 2. / S J. 9 7 
_lã_ Ô.JSIft _ tí. SV /.?ß 2. JE /.92 
_ s. U /7 7 y / 92 2. J.E J, 92 
-LES S. USŸ 2, ûP V. 9 E 2, J y J. 9/ 

ñr¿iA*j> 

_/SA. ^ /¿S7 - — 
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PLANE S T PA/N CONSOLIDATION 

TEST NO ¿ X* UP5P '2 TYPE OF CONSOL Id A T/ON T/" 

/NC PE MENT * _ZlíI  TO f' &— kgfcrr? DEVICE 

COPPECTED T,c 2JLL kg/crr? UB -/t Û ¿- Kg/cm9 

Elopsad 

time 
(min) 

Dio! 
reading 

Un) 

P Vol. 

(cc) 

S / c t 
PtArssy 

Th kg/cn? 

Bock End 
P loten 

Th kg/cnf 

Fp6A/r F#c 
P J. A/MA/ 

1* A/Aa,1 

1 a/ /r/a ¿ A. 2/. fi1? û. Ú — — — 

i a. /¿a? A. ô 

SPfA? /) USSS ANO y9 A. û v,}? VS 

>/« o. /796 O. /fi y.™ •- 
2 O. /fí 7Z /,0 9 y,! O ■— — 

3 O. /9W /, /3 S. 9Ÿ <S.Z¿ v,oz. 

9 ¿7, Z.OI& 2. o y 3. 9V — — 

? N, 2. / ¡O 2. 72 3.82 — ■- 
sâ ? ;< 1 / so 3.00 4-, IO Z 2d_ 
2 y A>. 2 <400 7Z3Z s. a y 3.9V 3. ¿7_ 
J 2 &. zsn <r. /2 3. SO 3.9°_ zù_ 
y 2 <7. 4& Lii7 7. <V5 3. SO 3. es 3. NO 

n. 2 /A! ?. <43 3 3N 3. 77 3. y/ 
BY ¿30 3.ZJ y. s-ff 3 2-¿_ 
//r <->. 2951 /0/2 3.JLI 3 SS Z Al_ 
ss y O, -20/ ? /o. ce 3. /O s. Vé 2, /O 

y?z <<0/8 / o. 8 y 3. /0 y Y3 3.°°> 
20. .7073 //.03 3.<=>V 3.38 Z2Ú_ 

A £L*,+ \A PZjtTfsŸ'.', — 

TA -7 <54 .711/ //. os 2\ ON 3 y 3 ¿.¿¡J._ 
r r.-? 3/7? y //. 7V ■ —» 3. N Z 3- /6_ 
T TA r< ?7ry/ //8S —. -* 

T 11 ^ 3/-/7A /o/ o y -- 3 47 3.//_ 

T9 3 0>. 3Î7 '/o /y.n — 3. y 1 _ 2.00 

23 2 3 O 2F 3 J // 7S -- 5? oC Z. 98 

yy.ry <7>. 2A3¿7 //.¿s — P o/ * OS_ 
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PLANE S T PA/N CON S PL/OA T ION 

TEST MO r/'/' ' r- ' TYPE OF CONSOLIDATION '/«JL 

INCREMENT « -2—— TO —kg/crr? DEVICE 

CORRECTED rlc r • ¡— Hp/cm2 UB -— 

Elapsed 

I time 
1 (min) 

Dial I 
reading 

(in ) j 

/1 Voi 
(cc.) 

i ¡r r 
P/A.r.r , 

Th kg/crrt 

Back End 
Pfoten 

(Ta kp/cnf\ 

/ *• •/. ’ F*, r I 
Pitre* I 

' h * J /c-f‘' 1 

1 T/V/7/A Z "TÃT^T A), õ — — 1 — 1 

1 1 ft ft i) .’'.Apt T 1 A . ¿' 5¿> _. ¿■ré I 
Xapías n/fa ja ) j'/í.? 1 :. ñ 

• — ¡ — J 

i * ■ J?. V 1 /./y _ vé_] 
.- <r>s / 7 1 2.ZV _. r. 3 7 J 2. P n-1 

X. vy . -y *?' / _1 — 
1 > r. .yp-' > 1 7. V? •'i / >12_ 2.^^_ 

1 / *> ^ / 9 1 <7. ^. — ^ ! 

1 Z'1 ^»9A ' 1 w', ~>íX ? 2 y _ Z.ZZ- 
*7» *> ! 

1 ^ < c- cr r-x / à 1 

1 ^ ' ,7. //.>.'• 1 y/ _. V / Z./2_ S, '8,—J 

i ^ EX 2./4 . ZJL_ 1 -1 
/? /:7?¿ \ /. /K 2/3 Z.*8 .. YZ.eé-.—l 

I /' ' 7.:? Z.O J - I ^ ^ -2_ 
1 * * ' , ^ / Zi: Q / •> 7/ 2.0-) .. _ \ 7 û? I 

! * . /0 70 /¿'•y *■' ? -T A VV 1 /• 22.-1 
I / ¿ ■ FK 7 0Â P VA X V / 2j£ _J 

1 ím y n. 2/ú'7 /■ ^ — v-sy_ i /.Z£-1 

I f ?/ r>. 2 //? I /2 2/ / / / _ /'2Æ-_ 1 -: ¿ 7Í-1 
Pl A 7V,V A — 1 1 

! / )/y' n. yoo \/2 . - 

— /- ZA" 1 

1 Z/0 // rj. *2 CJ72 I /-.? 1 / ÿ^_1 
1 J rj" y. zczj — I ~ 1 

rj. <sr?¿ L/.7V/ --- 1 1 

1 //3 f/ rr;/ '>• yy y 7/_ ¿.Jl£_ 
1 ; A *} n r.* " i, \ / />. D c - * * ï —--- 

\ //'// /y. .77 ¿PóL ///_ 
1 ^ 4 r». - ; -1 “) 1 /V /y — 1 - i 

I ' / á !" 1 /y /:• _ Xy? /¿£_ 
1 • 1 • 1 " im , X l/y/A' - /..¿¿_ 1 /. 7 P 1 

_i_i-1 
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PLANE STRAIN CONSOLIDATION 

TEST NO. .¾ TV PE OF CONSOLIDATION VsAit /La 

INCREMENT » A Û TO_L-Q— kg/crr? DEVICE 

CORRECTED T,c lâ* kg/crr? Uß -/*51- kg/cm9 

Elapsed 
time 

(min) 

Dial 
reading 

tin) 

A Vo! 
fee.) 

5 /or 
P IßTf* 

Th kg/cnt 

Bock End 
Platen 

Th kg/enf 

p/OA'/ F*-£ I 
Pi AT f * I 

Ti r*..'»'r 1 

Ta/ / r//) a r ./or VA O. 0 — L?1_ /./o n 

1/) A/) r. 2 9 Efí 0.0 Z.02 3.36 i.A.r I 

/).2'’VA O. 0 
• 

//, r ~ 13. " 0./O . 8, 0/ — — 1 

4, : r 93 0,80 . 8.0/ jm r - r 
- ^ 57^.? ¿7. é>% 3.83 . 2. 70_ ^ —1 

0.31 — 
A <?. 28£3 /, /£^ 3.03 ¿¿_ 'Z.S"T J 
/1 S) 2 ‘/PV / 37 3.éS- 2.E7 _^22— 
:o r> 7210 /.01 3. LE 2sk_ 7.11_1 
is /y. 2012 3.½ —" 
f) IJ <3 2ÔH2- y. 9 s 2. S8 2. 98 2- J 
V/ 3.-)7 2. Cp _ 3 Ll¿_ _2^i£_ 

V- • O w O. -7/90 3. Z¿ 230/ 99_ 2, V2.-1 
80 V. 3279 -O.Gl 3. <3/ 2-38_ 2iL_ 
/PS 0. 9/2 C¿ Q.Zd 2.0! 2. 34 Z~1A_1 
/¿¿ O’. .-7 2 0/ V.¿'V 2.3/ 2.12,_ 2 7 3_ 
»£0 O. 7.7 92 9.2 3 2 SO 2 Zö 1. ^ ^ , J 

K F ¿FÀ s/ I'Z A TfSl'S 
19 1 c3>. 23 9 9 — 2. So — 

— 
& 2-7 7 0 V./V — - 1 

O. 27)/ ¿23—ï 

£ /2 A>. 7 900 9.2 9 2.4> 2.,12— 
£ cr. rx 7939 V. 9 V ^ ^_ .2Ä_1 

r. 7998 <7/ S-^ 72£_I 
9/V rj. 7 9L/ ZJJL_ Z.S/_I 
■T ? '/ y 'V79 V V¿ ^.2^,_ 2.31 I 

'0*0 o. 791/ y, s'y 3E - -?■ ?y_ 

FF/ ') U/ i j 

_1 
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PLANE STRAIN CONSOLIDATION 

TEST NO TYPE OF CONSOLIO/IT/ON Q 

INCREMENT * ■ 2. O TO kg/cm2 DEVICE JLi*Z£L1LL 

CORRECTED Ttc ^ 5 7 ky/cm2 UB , , kg/cm* 

Etop sad 

time 
(min) 

Oio/ 
reading 

(in) 

P Voi 
ICC.) 

SlC F 
fi at r.‘. 

Th kg/cnï 

Back End 
P/oten 

Th kg/crrf 

/r&A/T Er. c 
C L A n SS 

' ^ f ) / - rr* 

7a.’/y ’AL -û.3y?i Ú. 3 2 . 3 f i. 3 y 

J Ô.Ú y Y 7 Z “ ^ A ’ A 
ÛPfA' 7y AW . 

• 

- ^ ^ -.7 - y O — — 

/ -S.3¿$0 7. y. *7 y, y7 y./.r y.o ? 
5 . r .3 '’â: _ // T V.2C y.o.z 3. 9? 
/ 

U_ -. 0 JO . / 7,r y.2 o ■y. oo ~ ,7 y 
9 +. 

& ~?8S73 7?. 2£ -/.70 2 72 2.8 7 

_ O. 3 J 28 . 7^ <-!.ö L 2.8n 2 81 

_ * 0/2 2NÍ 2. 70 r* •) 7 ? 82 
A V '‘/j 2. ¿8 

lb y. !2 2.7/ ~". ') V ?. > V 
“N ' ^ h.S(- - «->- - ' ¿ > ' 7J> 

_ (T. 'Z , 

C. /? r. a V 2.0 7 

_ ^ 
A ~ -V 
•r*. ^ .T’ / — r* 

_ ^ V.?: V y.c'^ 2!. '// - yp 
—• • - 

/¿.f -"1 '0 TA î?^' -■ */ - "V ’ 

LLH <=>. vy/r "y. ¢-0 5'- > 7 z. y7 .“■, b-'(ù 

_/.^J 7. VA *"* / V4 Z. 27 T. /8? 

_ÏOfi J?. SÑ Zi 'z- : .2/ J! r ? 
RarAM m ^-V > - — —- 

_ ê.’T) ~ ' .-y - , «2L -?• (! "• / i 

_3^ . T.' -b''1 7 j 28 2. <18 
_^ ■? vV -■:. V 2 

—y » 

4 •/ Z. •/ '' - N y 

_ùll ., 
^ "* * *y fi 

b1-' » ^ i' iL~ ‘ * • . ^ • -rZl 

’2 ~->L2/7 A/ ¡8 ~' ~77 

_ <0. 2 '>2(~ 3. /;z 3. 28 
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PLANE S T PAIN CONSOLIDATION 

resT no -f* ¿irxr-?> type of consolidation s'a 

/NC PE MENT » _îLll_ TO 3,¿¡ kg/cm* DEVICE JZzûZîILLL 

CORRECTED T,c *g/cn? UB ..5^. *g/cm9 

Etop sac/ 
time 

(min) 

Dial 
reading 

Un) 

A Voi 
fcc.) 

•' ■ rf 
.°a* rr * 
Th teg/err? 

Bock End 
Pfoten 

Th *a/cnr 

Fro#r /*6 
pt* rr * 
T* />, ;* •' 

Ta \ ï/A: 5. r''v? A — 3. /2 3. 3 y 
LôAÛ /..- f J, Ú 1, S 9 2. ¿ñ 3. 90 

ÙPfN Dm* J.. '’5 * A. ô 
• 

/ / . 2 "X * - ?. ' <■ 2,5/ 7. PS :■ ff 
3 A ~ 7 1 ^4 •’S 2. AS 7,93 2, 07 
<? I» 5/7^7. V/ 2.^ H T A) A 3. // 

/7 S* ' / • *, Q3 3.08 -<.oi T, N 
ÏO " > y.2c — <5. -y V S.oy 3.ÖV 3. n 
55 CX J2 'j2¿ C -O, VÛ 2.07 2.°J- 3.07 
/?/ /' 2L123 — A. A 2 3.0 t. 2. Jp 3. P 3 

s 2 rT rx s 
2D ¿i 0,2-)22. y/ 2.0-? 2.9 S 3 o/ 

"J, 2 222 - ^ 73 2. 7 2 2.04- 
n ¿Á e. ‘J YJ.3 -/.Z? —> <*— •> 
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PLANE STRAIN CONSOLIDATION 

[ 

\ 

TEST NO ^ A-' ^ S'ï 5 TV PE OF CONSOLIDATION I'f ,-7- /fl 

INCREMENT *  iL_£  TO—r £.. kgferr? DEVICE Jj-JLLLíL. 

CORRECTED T,c Y'2— Kg/crr? UB -* ■ / -- kg/cm* 

Elopsad 

time 
(min) 

Dial 
reading 

(in) 

P Vo! 
(cc) 

5/rr 
‘7 /» '■ 

Th kg/cnt 

Back End 

Platen 
Th kg/cnr 

' r.^ • r' . \ 

J''7’"' 
, h /> A* I 

fj 2 'll .5 — n ç - * >-> —_ 
JJ.V A \ 7. y¿> __1^V_ r " ^...-] 

J/TA' fiffi/A/ a - r •' o 2. ¿2 
• 

r a ^ r - ✓ -¿2.22 3 /0 7,//_ j, r¿> 

Ó.2 ¿?£ -0./2 2 >3ó 2.2 2 T' 22 I 
; S>. lPr/! -/ 22. 2. 2CJ 228. 3 2_ 

•Í o. 2lCa8X — O.S3 J?. 5T7 -? y ?_ ^ 7¿?_I 
-, r- 

O. 77 -¿..Ç9 2. TI 3. 20 2i2_1 
«k ^ — O, /£> 2. I 1 s.*J._ ^_Z2_1 

«• <r>. 7¿> -0.80 2. ?o ¿2Ü_ -7-7 7_1 
r r , . • Pi aTjF/y: — 1 

O. -0.88 2. ¿8 > S 
/?r &.Xxù>&£- 0<D 223._ 2¿.¿T ! 

^ j f -o. c/¡ 3.Qri Ci.3-1 

/2 /r O 2 C'C-<'> - 2.03 2. /5 3 TJ-_I 

J 
J 
1 

1 

J 
J 

1 
J 

_1 
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PLANE ST PA/N CONSOUDAT/ON 

TEST MO C a, Z' .3 TV PE OF CONSOL /dA T/OM Vf P A, ¿û. 

/NC PE MENT • _¿-û._ TO üû kg/crr? DEVICE fi'tlcTffS 

COPPECTED r,c h / J., kg/crr? UB —// SZ... *ç/cm* 

Etop sac/ 
time 

(min) 

Dio/ 
reod/nq 

(in) * 

p s/o/ 
(c.c.) 

Th trg/crA 

Bock End 
P/oten 

Th Ag/cm 

Ffat/rfw? 
P ¿ fi ¿A' 

• A ¿/Jf»' 

Ta " /1 />.d/:¿¿ 0, ¿ — JS pr 

LAAÛ A.2a 30 (A L / 7/ y, sa /. 3 ? 

ÕPFA DMA O j & 3 O -, /1 • 

/ 4 lO /. 98 

2 ¢-2-4 - o. y o — —- — 

¿> 2¿e-2 & - r‘A ?7 a 7 ; /. 78 2./X 

S n 2 ¿-a y - o. 02 /.8 e/ /. <70 2.n 

/*’ < 2. oyZ. -/. OS' z.°4 y.oo 2 2C 
> a 0.22RT /. OS y,/ù U.o~) 

J O > Tl 2 ï "J. /¿> 2 >2 2, 7.,12- ^ - 
3 r - -•-/, A 2 .7 2 7-. a. /2- 
AP - 2SC,<r /y 2. Z! 2/4 2J221_ 
3 j o 2S0 y -/ ^ •' ÿ. z/ 2./<4 ¿ ¿Z_ 
F* *\ - L* ^ ,2 s-¿2 -/, /6 ï. -</ 2./V_ a Z2._ 
F V -/2-S 

— -—* , 2. /y J. '21_ 
92 —// 2-Cy j. /y 

23 ¿ p 2,:^: -/; zé — y. ¡y a-22- 

.3 *> 2 C' 2^ :32 -/. >8 — y. /o _ y . y et 

y¿ó Tj ,7 41) -/.¿ri- — /.T 2.3é_ 
trtjrr -J /-' - — >2- 

ßfJJA'S v.-) j 
9 9A ''24 y ) -2¿.2á ï.8/ 7.2 2. 2, J-J- 

A >4/ U] r>.2Ln:n -j.jy 22. >£- J, ¿y 

JV3 û -y -J — '^■40 2 • 

<2 ¿2 ' 2 444 
. — — 

J y. .• ‘ .r :/* rj> -. - V ' , .A *7 r V , 
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PLANE S T PA/N CON$OL/DAT/ON 

T£ST NO ¿X* TYPE OF CONSOLIDATION ¿j? 

INC PE NE NT • _¿LA_ TO_Û<L kg/err? DEVICE 

COPPECTED 7}c Ky/crrP UB —, kç/cm* 

E/op sad 
time 

(min) 

Dial 
reading 

(in) 

A VO/ 
(PC.) 

C r ¿ t- 
Pxt*sj*r 
Vh kg/crrt 

Back End 
Platen 

Th kg/cm 

.•/cjA- r 5 r 
SAAT-r* 

(a I/./*’1 

IA's7/AL 0. ,1. 0 5' 70 5.25 3.2.' 
¿¿fifi o. Ö 5.25 —« m ^ 

-- 

Jf’A //'A:'. 0,0 
• 5,2 5 3,22 

/ / 0. 5,2 5 *,2 2 - 
2 0.5 B 5,2 5 ? ? ^ 

J 0,0 A 5,2 5 3,22 
f 0 • BO X.25 
? 0.92 s:r : *• / 
/5 

» f m 
y ^ / ? r 3.2/ 

1Ô /,28 5.25 3./? 
5 i /,00 5,22 y 

/, BY .¾ ,jy 3,/7 
¿0 / 92 3,22 9./7 

•? - j: • ± * S’ - 92/ 3./S 
/90 t 2, 5V y f 3,20 3./2 
2Y<0 . •’’nr' 

V 2, SO 5.2 0 3.20 3, A3 
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PLANE $ T/P/4/N CONSOL/DJ T/ON 

TEST NO. - // 

/NC PE MENT . _ 

TYPE OF CONSOL /tOA T/ON v -■ x 

TO —J'f kg/cm2 DEV/CE frs-J,’' rc 

COPPECTED T/c kg/cm2 Uq _Z. ¿3 kg/cm2 

E/opsad 
t/me 

Dio/ 
reading 

A Vot 
( cc.) 

¿ f ¿¿ 
c *.???*>*/ 

Th kg/crr? 

Back End 
P/oten 

Th kg/çnr 

f a r 
J»r 's-'- 
• M />, A /y • 

-SA'<7/ât pr P. >? 
- ¿¿Al' _ _3, 
¿PE// _ 

• ~ / -/ ^ T , ^ 
_l- 3. 73 3 Y 7 
_j- ?. VJ 

‘S ■ ~ J 
?. Y r Y 

- ^ ^ / T/ V.3 ^ Y ? 
_ &.r7/ J, VJ7 un 
_3 \ 

— i- _ J. VJ r- cy 2 
_ /' / E ? vz 3 7 / 
_¿X -J* 38 ?, V JT- -y, V,') 
_^ y* "I J. V/ J. ? 7 
- ^ ^ -^- ?/ ? V/ 

- - 
T ^ y •*. ' ^ 

J J 9 J, ''V •7/1 
-L ~j. ‘. ï y, ?/- 

—- * > 

? •' z>.¿^ P V 
-—-sL.__ 

J 2£ 
_ 

* "-i n 
-■■ i 

-— -* 0 
J. 2 * *• 

J?.. l'S • ï 3 . -• V J, J Z 
_izl. -J./77S 3 .?& ? -r,-j 3.2 7 3, y ? 
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PLANE Q 7PAIN CONSOLIDATION 

TEST NO £A¿¿-1LL1¿LJ¿HTVPE OF CONSOL /OAT/QN Srj 

/NC PE MENT * —¿LJT_ TO kg/cm2 DEVICE 

CORRECTED Ttc V. ¿ó /cg/cn? Uß , ,jL.Û4— Ag/cm9 

E/op sad 
time 

(min) 

Dio! 
reod/nq 

(in) y 

A VO/ 
(CC.) 

C f¿ c. 
As/ssass 

Th /eg/crrt 

Bock End 
P/oten 

Tb kg/cm 

fra*? E* s 
A ¿A?*a 

7~h Af/r*. ' 

IA//7.'A¿ 0./791) 4. _5Z? 3. IE -5./7 
_¿ÛAÛ /> 3, 7 J I 1 • 

^.92 ? * 

/ a. 3¿> 2.-)9- 3êS 
2 O. 3H 1. I-L 3. 
3 V3 2.)/ 7,6 V 
r a. sry 7, 1) 
3 j. un 3 6/ 
// 2.C.) 3.S') 

// / // 7 3ST9 

/ 3.<¿) 2.S6 
f /.é# Z,6>/ 3.¡TS- 

O'! X ?/ 7,5^ 2 S3 
7,5-? 2. S3 

> ^ V? 7. 5-5- 7 5-L- 
' > 1 t Z.sr-L J1. *7 

- .> /; T - ^ C~' " •' ' / 9, Ï y 
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PLANE STRAIN CONSOLIDATION 

TEST NO ¿Vj ¿//V" r ' YM TV PE OF CONSOL/0/1T/OA/ 

INCREMENT * _¿-¿2_ TO kg/err? / DEVICE ?*<■'{'L¿¿ 

CORRECTED T,c J kg/cn? UB -J - kg/err? 

Elapsed 
time 

(min) 

Dial 
reading 

(in) 

P Vo! 
(cc.) 

w /* 
.> / » 

^7» kg/cn! 

Back End | 
Platen 

Th kg/errf 

F/renr fnr 
PlA/rr.- 

1 *> r a , ' 

1//:7//1 7 /716" J. Ó d, 2 2 ty? 
ty + 

:ôaù AJ - . */2 ! %
 j / 7 • 

: ' 2 
</ “V> ÍÚ ±L _ 

n dd/0 _9V 32' . 
r X JÍ- d.i/ d 3 2_ 
i V. l? .. 

'/ TW ^ ‘ d< Z_ 
/. oc 2.32 / -3 '- 

/A /,22 V. T fe 
/ ir;> -/ 1 £ 

/&# d 33 
/ 7 / <-* f ^ ir~ 

Z.od V, 2 7- 
s' > d. i* ._ . . V, /i; Lf. f ^ 

. 1 S' • / ••* •. c ! / 7' 
,/ il Lã-.- 

/7 r #- •, 

A /?- d, /0 

V. 10 / T 
— - . 

5" ' r 7, 2. 7 l d.OA 

r.to 1 1 £ 3./^_ 
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TEST MO 

PLANE STP/VN CONSOLIDATION 

('A..17«YiV’- y// TYPE OF consolioaT/OM ¿/a* 
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■■»out titlí " auvAt,. ti^ts ON BOSTON BLUE CIAY; Research in 
CONSOL L DATED - UNDRA1 NED PUNE STRAIN SHEAR 1ES1S ON 
Earth Physics, Phase Report No. 
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I Phase Report No. IB 
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March 1971 
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17 
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Jm*IVW»«T ~ nanted undrained plana strain active(<j^^ - P 
1 Results of consolidated-un resedimented Boston Blue 

(, ,,J test, ate reptrted or. K0 oonsolld.ted '“P'“ = e sttlln eq»ip»nt, 

clav at overconsol 1 tat lot ™tl“ f 3.5'In. hlsh ty 3.5 ln- »» 

Âucêrfln“^^“»“^“ tS'dfeíó^ uTre- 

ÄS trôpli mdralMdltrenetTpropertle,. For normaU^omoUdated^W^Sj/o^ oL 

and 0.19 for active and passive conditions, the corre po fied by gained model 
^ur are 0.95 and 0.67. These strength ratios have e ^ triaxial test data 

footing bearing capacity te3t®; î ^°tSs yield results very similar to those 

■»» «« "‘“‘“"CT triaxial extenalon teat, xlU ™der- 
obtained by the active tests. However, 0 
estimate the undrained passive strength. 
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