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ABSTRACT

This thesis deals with the careful evaluation in the 1aboratory
of shear strength parameters of typical undisturbed Winnipeg clay samples.
Included was the investigation of the shear strength parameters in terms
of total and effective stresses. Triaxial tests using drained and
undrained Toading in both compression and extension were employed.
Residual and peak effective stress parameters were obtained by direct
shear teéts. Procedures and results are included. The preconsolidation
pressures were estimated by using consolidation test data, Mohr circle
envelope, %(5;-6;) Vs E;, stress path and also from the'Af parameter.

Examples are given with comments on the application of

these parameters to practical foundation and slope stability problems.
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CHAPTER I
INTRODUCTION

Knowledge about the shear strength of soils is most important
in foundation designs and soil stability problems. In order to apply
the correct solutions to these problems, it is necessary to carry
out Taboratory tests on the soils under investigation.

Soils used in the study are the typical Winnipeg c]ays..
Sourse of samples, site and sémp1ing description are given in Chapter
II. The soil classification test program, as well as the triaxial
tests and the direct shear tests, have been done according to the
standard procedures outlined by the A.S.T.M., and Bishop énd

Henke1]

. The details of the experihenta] procedures are given in
bhapter III and IV.

The main purposes of this thesis were as follows:

1. To perform routine laboratory tests which are needed for
soil classification.

2. To conducta variety of shear strength tests in order to
determine to what extent shear strength parameters are a function of
the type of test.

3. To investigate the application of the strength parameters
obtained from the shear strength tests to some engineering problems,
that are related to the bearing capacity of foundations and to slope

stability problems.

Soil samples were tested and experimental investigations were



carried out in the Soil Mechanics Testing Laboratory, Civil Engineering,

University of Manitoba.



CHAPTER 11

" SITE AND SAMPLING DESCRIPTION

1 Soil Sampling and Preparation

Two test holes were drilled at the site of the Canada Cement
Lafarge Piant at Fort Whyte in Winnipeg. The holes were dril]ed with
a truck-mounted, 16-inch diameter power auger. Undistrubed, moisture
content and bulk samples were obtained at depths indicated in Fighres 1
and 2. '

The large diameter of the test holes permitted the obtaining
of a number of three-inch diameter Shelby tubes at each depth selected
for sampling. This was considered necessary to provide sufficient
material for the number of strength and consolidated test required.

The undisturbed samples were obtained by using the hydraulic-

feed system of the drill to push the tubes into the ground. The tubes

were then gently rotated to shear off the lower face of the soil. The
tubes were then raised to the ground surface where they were prepared

for taking to the laboratory. The tubes were cleaned, the ends sealed
with wax and then labelled. Samples were also obtained from the auger

for moisture content and identification tests.

In the laboratory the undisturbed samples were removed from
the Shelby tubes, cut to convenient lengths, wrapped first in plastic
film, and then with aluminium foil, completely coated with wax, labelled

and stored in the moisture room. Material remaining from trimming the
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TEST HOLE LOG

TEST HOLE NO. | METHOD OF DRILLING: I6"¢
SITE: CANADA CEMENT POWER AUGER
LAFARGE PLANT SITE DATE: JULY 3773
PROJECT: MSc THESIS LOGGED BY: N.A.
WEATHER: SUNNY, HOT
EIE_EU" % MOISTURE DESCRIPTION
FT. O 25 S0 75 100 125
o i} ' ' ' ' PEAT . FREE WATER SEEPAGE
JQ ‘ GREY 'CLAYEY SILT
) L.L.
P.L. X + Qy=1130
\ S =100 GREY-BROWN
= 107 A
,0..\ =7 VARVED cLAY
PL. b ]-qu: 1810
S =99 MED. STIFF
Ll ym= 107 TO STIFF
P.L. —X | qy= 1520
S =98 , y, = 106
}qu=|7eo
,/ '§ =98 GREY-CLAY
Ym=104
% —~ qu= 1320 MED. STIFF
14 S =100
/ | yim= 106
/ | UNDISTURBED SAMPLING NOT
/ SUCCESSFUL DUE TO SEEPAGE
/ K & COLLAPSING FROM ABOVE.
7
/
407 APL. /L l
L R
5 A ROCKFLOUR, SILT, SAND
:’ o L.L. & GRAVEL MIXTURE
50 i-‘..':‘."?- bL AUGER REFUSAL
LEGEND 9y = UNCONFINED
COMPRESSION
D ORGANIC SILT 2 3 cLAY STRENGTH- L B/FT2
M st § MOISTURE _ S = SATURATION %
SAND PL [ L CONTENT % Ym = UNDISTURBED
¥——X PLASTIC, LIQUID DRY DENSITY
GRAVEL LiMIT LB/FT2

FIGURE |
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TEST HOLE LOG

TEST HOLE NO. 2

SITE: CANADA CEMENT
LAFARGE PLANT SITE

PROJECT: MSc THESIS

METHOD OF DRILLING: 16" ¢
POWER AUGER

DATE: JULY 3/73

LOGGED: BY NITTAYA

WEATHER: SUNNY, HOT

DEPTH % MOISTURE DESCRIPTION
FT. O 25 SO 75 100 125
O [§i} ' ' ' ' PEAT. FREE WATER SEEPAGE
II\ GREY CLAYEY SILT COLLAPSING
P.L. L.L f
O —X qy = 1960
\ v 21960 (e BROWN
Ym= H4 .
10+ i VARVED CLAY
MED. STIFF
\ TO STIFF
20\
/S GREY CLAY __ MED. STIFF
Lstor DRILLING HEAVY
SEEPAGE FROM PEAT
‘ & GREY CLAYEY SILT
30+ CAUSED SIDES TO
COLLAPSE NEAR TOP
OF HOLE.
40+
S0
LEGEND dy = UNCONFINED
COMPRESSION
Bl oreanic siLT 2N STRENGTH-LB/FT2
M sir b MOISTURE S = SATURATION %
SAND P.L LL ¥n= UNDISTURBED
L. L pLASTIC, LIQuID ™
3 GRAVEL e LIMIT DRY DENSITY

FIGURE 2



sample was immediately used for moisture content tests. Grain size,
plastic and Tiquid 1imit tests were done on representative bulk
samples, and material remaining after the undisturbed tests were

completed.

2 Results of Field Tests

The test holes show that the tbp approximate 1.5 feet
consisted of peat. This was found to be underlain by about 1.5 feet
of grey clay silt. The silt is stiff, fine-grained and non-plastic.

No laboratory tests were performed on this material.

Underlying the silt, a grey-brown varved clay was found to
a depth of about 20 féet.' This material has é plasticity index
ranging from 61 to 73, and liquid 1imit ranging from 103 to 123.

The degree of saturation is very nearly 100% which can be assumed

as fully saturated. The grain size test showed a predominance_of clay,
as high as 81% finer than 0.002 mm. The unconfined compression strengths
of 1130 to 1810 psf indicate medium stiffness.

Below the 20-foot depth, grey clay was found extending to the
42-foot depth. It contained a fair amount of gypsum pockets and also
silt varves and pockets. The clay content is less than for the grey-
brown clay, and ranges from 24 to 62%. Towards the bottom it was sandy.
The unconfined compression strengths of 1780 and 1320 psf indicated
medium stiffness. It was of Tow permeability. The plastic index was
in the range of 28 to 49 and the liquid 1imit was about 46 to 80.

The degree of saturation was 99%, and the water content varied from

50 to 55%.
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A rock flour, silt, sand, and gravel mixture layer extends
below the 42-foot depth. Drilling was stopped because of auger
refusal at the depth of 50 feet. The mixture contains about 23 to 30%
sand and about 39 to 47% silt, and the rest is clay. Most of the |
gravel is crushed Timestone in subangular shapes with diameter between
0.1 to 1.0 inch.

Seepage was encountered from the upper organic and grey silt
layers. This interfered with undisturbed sampling below the 32-foot
depth in test hole 1, and made sampling impossible below the 6-fdot
depth in test hole 2.

The test holes are shown in Figure 1 and 2. The soil

properties are summerized in Table 1.




File No.

TABLE 1° = LABORATORY TEST SUMMAPY SHEET

- Strength Tests - M :):;“bcl::':n“u
> ‘ 0 = Description
) 3 - £ g‘g_ g & 2| % "E Comments
. 2 55 % | € F 68 5,54 E E -
cl L T - s o | Bele=]V] 555 = ®» 1 3] 51 &
x = a § § § o = sl a =5 &% v o & 4 ® xR _B: v h-] 4 Y
% 2 | E|E 5 gl s8|rdlegl sl 28 2| 20 2] ) 8 &
S| & | 3|28%|&5%| &| 325|855 & Pz &z 31 6|1 31 2] ¢
1 6 48,50 114141 ] 73
51.80} 100} 2.79 108 [ 71 | - [1130] - - 731251 2 -
1 ]11-13 56.80 103] 42 | 61|
48.001 99.¢ 2.79 107 1 72 | - 1810 - - 811191 - -
11 17 A 151.90 : |
B 161.20 ) : 123|144 | 79
___|1e-18 54.60{98.2| 2.75106 | 68 | - [1520 - | - | 7027 3| - ]
1 |21 54.90 | 8037 | 49]
| " 155.20198.3] 2.75 104 | 67 | - |1780] - - 49149 | 2 - .
11726 50.25 ) ‘ 46} 18 | 28
28 53.90i99.512.75 106 | 70 | - | 1320 - - 6234 4 -
1 ] 42 14.30 ' 24147 123 | 61 23114 9
171745 0.40 17143130 [ 10 | 17{N.P.[ 17
1 | 46 1.90 1514029 | 14 | 15[N.P.] 15
ENED 5.60 16139128 [ 17 | 17 [N.p 17
2 5 37.70 101] 39§ 62
390.50{97.8¢ 2.74 114 | 81 | - |1960]| - - 8314 3 -
2 | 22 40.00 441 54| 2 -] 68] 271 41
Project M. Sc. Thesis SOIL MECHANICS LABORATORY
Tests Requested by Canada Cement Lafarge 0i1 Tank ) ~ DEPARTMENT OF CIVIL ENGINEERING
Address Winnipeg, Canada UNIVLRSITY OF MANITOBA
Date Submuted 21 July 1973 Checked by N'A'T. FORT GARRY  MANITOBA




CHAPTER III

ROUTINE LABORATORY TESTS AND RESULTS

1 Classification and Moisture Content

Where possible standard test procedures were used for the
laboratory tests as follows:

Liquid Limit _ ASTM, D423-66

Plastic Limit ASTM, D424-59

Moisture Content ASTM, D2216-71

Grain Size ASTM, D422-63

The results of these tests are summarized in Table 1. Grain

size curves as shown in Figure A-1 and A-2 of Appendix A.

2 Consolidation Test

- The consolidation tests on undisturbed samples were performed
using 2.53-inch diameter floating ring consolidometers. Typical test
data are shown in Appendix B. Testing was used by the procedure
outlined in the University of Manitoba, Civil Engineering, Soil Testing
Laboratory Manual, and calculations were performed using the laboratory
computer program. It should be noted that the fiﬁa] void ratios were
based on assumed 100% saturation at the end of the test, and all other
void ratios referred to the final void ratios'by calculation based on
measured deflections.

Table 2 summarizes the results of the consolidation tests.
Figure 3 shows the pressure vs void ratio relationship for the samples

tested.




TABLE 2 - SUMMARY 'OF CONSOLIDATION TEST-~CANADA CEMENT LAFARGE PLANT SITE

COEFFICIENT OF CONSOLIDATION cn?/sec

- g COEFFICIENT OF PERMEABILITY cm/sec
|73 ] = ot |71}
o [« 1 = o
- — (%] [7¢] =
= 2 =< | 0 -
2 S £ | B« = 2 2
= 2ol 58| & FOR PRESSURE INCREMENT (kg/cm?) OF : FOR PRESSURE INCREMENT (kg/cm?) OF:
. [T . g QO Wy O~ (721
e | I |zE|28 |22 &
x —_— O w - o
w | E [ES|S8|2 | &g
3 s 2%/ |¥% g 015t 0.29t0 071 to 1.41to 2.80to |05t 029t 0.7 to  1.41 to 2.80 to
= e |= 0.29 0.71 1.81 2.80 5.60 0.29 0.7 1.41 2.80 5.60
T[] o) 0z o | 0e | ssea0™ 130107t 47000 5,080 4.05x107 3670100 856010 2.1000°° 1 40100 1.05x107
1 |16-18 | 55.6| 1.40 | 0.01 | o058 | ... 8.17x107° 8.47x10°% 9.10x10°% 1.23x10% | -_. 4.62x10°% 3.15¢10°% 2.89x10"% 3.20x10-2
-4 -4 -4 -5 -9 -9 -9 -9
1 j21-23 | s4.4| 1.28 | 0.48 | o0.53 - 1.66x10°" 1.57x10°% 1.66x107% 7.73x10 .- 9.30x10° 6.47x107° 5.22x10°7 2.01x10
1 |26-28 | 43.2] 1.02 | 0.11 | o0.44 -- 1.96x107% 3.74x10°% 46910 1.30x107% | - 9.77x1070 1.52x107 1.38x10°® 4.57,10°%
2 |46 | 43.2{ 088 |1.85 | 0.4 —- 4.83x10°% 4.45¢10°% 4.77x10°5 4.37510°5 | .. 2.69x10°% 2.07x10°% 1.24x109 7.63x10710




VOID RATIO

1.8 I1- 13 ft. Hole |

1.7 -

1.6 21-23 ft. Hole |
I6-18 ft. Hole |

1.5k ot

.4~ 4-6 ft. Hole 2

.3
26-28 ft. Hole |
1.2
1.1l
1.0+
0.9+
| ]
0.0l 0.1 1.0 10

PRESSURE , kg /cm?

FIGURE 3. Consolidated test results ; Pressure ( log scale)
void ratio curves (Canada Cement; Lafarge
plant site ; Winnipeg, Man.
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3 Unconfined Compression Test

Unconfined compression tests were performed on the undisturbed
samples extruded from the Shelby tubes. Typical test data are shown in
Appendix C. The samples were measured and weighed prior to testing.
They were then pjaéed on an air-operated testing machine and str;ined‘
at an approximate rate qf 1% per minute until failure occurred. The
sample was then placed in the oven. Moisture content, degree of
saturation, void ratio and moist and dry densities were determined
for all samples. The results are summarized in Table 1 and Figdre 1.

Stress-strain curves for all samples tested are shown in Figure 4.




STRESS - psi

D= 21-23 ft.
D=1i-13ft.

D=16-18 ft.

V D=26-28 ft.
D= 6-8 ft.

N D O NN 0O W O

AXIAL STRAIN, %

FIGURE 4. Stress vs. strain curves for unconfined
compression test.



CHAPTER IV

TEST FOR SHEAR STRENGTH AND PORE PRESSURE PARAMETERS

1 Triaxial Test

A brief description is given here for the triaxial tests used

in the study. Standard procedures used were those described in Bishop

and Henkel].

1.1 Equipment

Standard 1.4-inch diameter triaxial cells were used as
shown in Figure C-1 of Appendix C.

The systems of controlling the cell pressure were the air
pressure system for undrained tests, and the self-compensating mercury
control system as shown in Figure C-2 of Appendix C for drained
tests. The disadvantage of using the air pressure control system was
the possibility of dissolved air entering the sample through the
membranes under high all-around cell pressure in tests lasting several

days. Also, in long term tests,if the electricity was turned off

accidentally, the cell pressure would drop and then the sample would fail.

The pore pressure measuring system was the transducer type.
It was considered as the most sensitive and accurate pore pressure
measuring equipment giving accuracy in the order of 0.1 psi. Also,
it permitted a wide range of pressures from O up to 100 psi. The
transducer amplifier-indicator used in the experiments was the

“"Daytronic" Model 300 I.
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1.2 General Procedure

The procedure for triaxial tests can be divided into a
consolidation and shearing stage. In the consolidation stage, all
types of the triaxial test were performed in the same way except
that in undrained tests a back pressure was used to obtain 100%
saturation in soil samples. The reason for using the back pressure
wasto ensure full saturation and to prevent dissolved air from coming
.out of solution which could interfere with the pore pressure readings.
In the shearing stage, the procedures depended on how samples were

brought to failure and will be discussed later.

‘1.3 Preparation of Samples

The triaxial test samples were prepared from the undisturbed
soils kept in a moisture storage room. The three-inch diameter undisturbed
soil samples were cut Tongitudinally into three specimens and trimmed
into approximately 1.4 inches in diameter on a soil lathe. The ends
were trimmed perpendicular to the axis to obtain a specimen length
of approximately 1.5 to 2 times the diameter. Moisture contents of
specimens were obtained using sample trimmings. Samples were then

measured and weighed. The above were done rapidly to prevent drying.

1.4 Consolidation of Triaxial Test Specimens

The cell base was filled with de-aired water. A burette
was connected to the pore pressure outlet on the base of the cell.
De-aired water was allowed to flow back from the burette to cover
the pedestal to ensure there was no air trapped in the lines. A

saturated porous stone was s1id onto the top of the pedestal. The
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sample was then placed on the porous stone. Another porous stone was
placed on top of the sample. Then saturated 1/4-inch wide filter strips
were placed vertically around the perimeter of the sample. Two to three
rubber membranes were applied to the sample with a thin coating of grease
between them to prevent leakage. A loading cap was put on top of the
sample after ensuring that there was no air between the sample and

rubber membranes. The membranes were sealed to the pedestal and capped
by means of two or three O-rings.

The cell was assembled in the test frame and about three-
quarters filled with de-aired water. 0il1 was then used‘to fill the
cell. The o0il acts as a piston lubricant as small amounts leak out
along the piston. Finally, any remaining air was expelled through
the air valve by admitting more de-aired-wafer. The required cell
pressure was then applied. Dial gauge was then attached. Initial
burette and dial gauge readings were recorded and the starting time
noted. The sample was now ready for testing. As soon as the consolida-
tion started, the burette and dial readings were recorded as close as
possible at the following elapsed times;1, 2, 4, 8, 15 and 30 minutes
and 1, 2, 4, and 8 hours. The consolidation was completed when the
volume change and the strain dial readings were constant. In the tests,
all samples took about 48 hours to complete the consolidation stage.

In the consolidated drained tests, as well as in the consolidated
undrained triaxial extension and constant mean normal stress tests,
the consolidation stage was done on a platform scale load frame. The
triaxial cell was first positioned on the platform scale, the cell

pressure was set to the required pressure and the balance weight was
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adjusted to read exactly the same amount as the weight on the plat-
form and the weight used for counteracting the upward pressure on the
piston. The balance weight was recorded. Then the dial gauge was

set. The crank of the platform scale load frame was adjusted in qrder 7
to bring the piston in contact with the bearing ball which sat on the
loading cap, and consolidation was started. In consolidated-undrained
triaxial compression tests, all samples were set on the controlled
.Strain testing machine which is electrically driven. First, the

piston was brought to contact the bearing ball, then the dial gauge

and strain dial were initially set. The consolidation was started.

1.5 Shearing Stage

In the shearing stage the samples were sheared by applying
the axial stress or increasing the cell pressure, and the samples were
brought to failure by either controlling strain or stress. If pore
pressure was measured, the connection to pore pressure measuring system
was made before shearing started. If the volume change was measured,
shearing of the sample could be done immediately after the consolidation
stage had finished. The details of procedure in shearing stage for each
type of triaxial test are described as follows. |

1.5.1 Consolidated-Undrained Triaxial Compression Test With Pore
Pressure Measurement

The shearing stage of this test was done on the controlled
strain tésting machine. A back pressure of 10 psi was used to assure
satJration. After consolidation stage finished, the transducer was
connected through the pore pressure valve. Then the valve connected

to the burette was closed and the burette was removed. Before shearing
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started, the pore pressure was checked to assure it read the same

as the back pressure. If this was not the case the transducer was
set to give a reading equal to the back pressure. The rate of strain
was selected to be 0.0002 inches per minute. (This rate of strain

is very slow and ensures the equilibrium of the pore pressure in the
whole sample.) The strain dial readings and pore pressures were
recorded at every 0.010 inch deflection until failure occurred.

Two or three more readings were made after failure had taken place.
Typical data are shown in Appendix D.

1.5.2 Consolidated Undrained Triaxial Extension Test With Pore
Pressure Measurement

The tests were conducted the same way as were the compression
triaxial tests, but instead of applying the deviator stress until
samples failed, the all-around cell pressure was increased and the
vertical pressure was kept constant by dead loading through a hanger.
The shearing stage was performed on the platform scale. The base of
the triaxial cell was clamped to the platform and also the top of
the cell was clamped to the frame to prevent the cell from 1ifting
up when the axial extension force was applied to maintain constant
vertical pressure during the shearing stage. Before the stage was
commenced, following the completion of the consd]idation test, the
loading cap was attached to the piston to take tension. For high
initial all-around cell pressures, sufficient weights were placed
on the platform to ensure that at high tensions, the platform scale
readings remained greater than zero. The corrected area of the sample

was determined after each load increment and the calculation was made
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to determine the tension force which was needed to keep the vertical
stress constant. The dial gauge readings and the pore pressures were
recorded in the same manner as they were for the compression tests.
The loading cap used in extension tests is described by Bishop and

Henkell. Typical data are shown in Appendix D.

1.5.3 Pore Pressure Parameter B and A

The pore pressure parameters B and A were obtained using
the undrained triaxial tests. In determining the pore pressure
parameter B, the sample wés prepared and set in the triaxial cell, the
initial cell pressure was selected at 10 psi, the pore pressure was
measured by using the transducer. Then the cell bressure was increased
to 20, 30, 40, 50, 60, 70, 80, 90 and 100 psi. The pore pressure at
each cell pressure was recorded after 15 minutes of elapsed time
to permit equilibrium of the pore pressure in the sample. The
cell pressure vs pore pressure curve was plotted to obtain the average
value of B as shown in Figure 26.

The pore pressure parameter A can be obtained during shearing
stage of consolidated undrained compression triaxial test. The value
of this parameter at fai]uré, Af, was calculated for each confining
pressure used in the standard tests. The pore pre§sure parameter, Af,
vs confining pressure for a series of undrained compression test was

plotted as shown in Figure 27.

1.5.4 Consolidated Drained Test

After the consolidation of the triaxial samples was complete,

shearing of the samples was done by applying the deviator stress until
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failure occurred. Using the platform scale load frame, the load
increment was added by placing the required weight on the hanger.
Then the Toad crank was adjusted. About a day was permitted for each
sample to attain equilibrium before another load increment was applied.
The dial and burette readings were recorded in the same manner used
for the consolidation stage to ensure complete consolidation. As
failure was approached, the load increments were reduced so that a
more reliable determination of the failure stress would be made.

Typical data are shown in Appendix D.

1.5.5 Consolidated-Drained With Constant Mean Normal Stress Test

In this test the soil samples were brought to failure
by applying the deviator stress and decreasing the cell pressure at

the same time, so that the mean normal stress at shearing stage was

equal to the mean normal stress at consolidation stage. Since this test

was also performed on the platform scale load frame, it was necessary to

apply the deviator stress in the manner used for the standard drained

tests. Again, dial and burette readings were recorded and the corrected

area had to be determined before applying the next load increment. The

amount of each load increment was based on the basis of maintaining the

axial deflection to be about 0.015 inch each time dnti] failure occurred.

Typical data are shown in Appendix D.

1.6 Completion of Test

After completion of the shearing stage, the pore pressure
measuring system for undrained test as well as the volume change system

for drained test were disconnected. The strain dial was removed from
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the testing machine and the pressure valve was closed. The cell
was brought to the suitable place and was disassembled. The sample

was removed for weighing and obtaining the moisture contents.

2 Direct Shear Test

2.1 Equipment

The shear box used in the Soil Mechanics Testing Laboratory,
University of Manitoba, is the constant rate of strain shear box.
It is based on the design of A. W. Bishop, Imperial College of Science
and Technology, London and made by Wykeham Farrance Engineering Limited.
The shear box is a square box 5.52 inches square which is split in
half horizontally. Normal loads are applied to the specimen by a load
hanger. An additional lever load device can be fitted to this hanger.
Shear force is applied by screw jack either hand operated or power
driven. The shear box runs on ball tracks guided in hardened and
ground slots., A proving ring is used to measure the applied shear
load. The machine and motor unit are mounted on a stand. The

equipment. is shown in Figure E-1 of Appendix E.

2.2 Procedure

The top half of the shear box was screwed down on top of
the bottom half by the locating screws. A porous stone placed in
the bottom was followed by a serrated grid, set with its serrations
at right angle to the direction of shear. The sample which was
already trimmed to size in the trimmer was then carefully pushed
down into the shear box. The upper serrated grid was placed on top

of the sample and again its serrations were at right angle to the
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direction of the shearing action. Water was added into the shear
box to maintain moisture content. The dial gauge for consolidation
measurement was attached on top of the hanger. The shear box was
brought to bear against driving mechanism by using the hand wheel.
Contact was indicated by a slight movement of the proving ring. The
strain dial was then attached. Dial gauge, strain dial and proving
ring were set at zero. Only the drained direct shear tests were
performed since the purpose of the test was only to determine the
residual shear strength. The test was started by applying.the load
on the hanger and consolidation of the sample took place. The dial
readings were recorded. Consolidation was continued until 100%
consolidation was indicated by the deflection vs time plots. The
electric motor was engaged to commence shear. The shearing speed
used was 0.000096 inches per minute which has been shown to assure
complete pore pressure dissipation. The proving ring and strain dial
readings were recorded at every 0.020 inch. The test was continued
until the shear force was constant for a few readings. A series of
tests were performed in order to obtain the peak and residual shear
strength parameters. Final moisture contents were obtained using
the samples after testing. The typical test data are shown in

Appendix E.



CHAPTER V
RESULTS OF SHEAR STRENGTH TESTS

1 Triaxial Test Stress, Pore Pressure and Volume Change Relation
to Strain

For the consolidated-undrained triaxial compression tests,
the deviator stress, (E;-E;) vs axial strain curves are shown in
Figure 5 for different confining pressures (cell pressure minus back
pressure). It can be seen that the relationship is expressed by a
family of curves with higher deviator stresses corresponding to higher
confining pressures for a given magnitude of strain. Figure 6 shows the
effect%ve principal stress ratio, (5;/5;) vs axial strain for different
confining pressures. At Tow confining pressure, i.e. less than 14 psi, the
curVes reach a much higher principal stress ratio than is the case for the
high confining pressures. At confining pressures of 5 and 14 psi, the
stress ratios increase at a rapid rate and attain their maximum values at
very low strains, i.e. about 1.5% strain for the confining pressure of 5
psi and 1.2% strain for the confining pressure of 14 psi. At confining
pressures greater than 14 psi, but lower than or equal to 58.5 psi,
the stress ratios increase at a slower rate and still attain the maximum
value at Tow strains, i.e. about 2% strain for the confining pressure of
30 psi, and 3% for the confining pressure of 58.5 psi. When the
confining pressure is greater than 58.5 psi, the stress ratios increase
at a very slow rate and attain their maximum values at about 4.5% strain.
However, it can be said that the strains at failure are lTow in undrained

compression tests. The maximum values of (o;-03) and o;/05 donot occur
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at the same axial strain in all the tests. At confining pressure of 5

and 14 psi, the maximum 5}/5; occurs before the maximum (5;-5;) value.
Also, samples tested at confining pressures greater than 30 psi, do.not
show the high E;/—; peak. The pore pressure vs axial strain curves

are shown in Figure 7. It can be noticed that for samples under confining
pressure equal to or lower than about 44 psi, the maximum pore pressures
are attained at the same strain as the maximum (5;-5;). This is not the
case when the confining pressure is greater than about 44 psi.

For consolidated-undrained triaxial extension tests, the
deviator stress and the effective principal stress ratio vs axial strain
curves are shown in Figure 8 and Figure 9 respectively. The curves show
that the deviator stress increases in proportion to the confining pressure
but this is not the case for the effective principal stress ratios. For
the sample under an initial confining pressure of 59.5 psi the E;/E; ratio
decreases rapidly with increasing strain and reaches the same ratio as does

thé sample under initial confining pressure of 35 psi when failure plane
was noticed. The pore pressure curves in Figure 10 show the increase in
pore pressure with initial confining pressure. Therefore, it can be
concluded from Figure 8 and Figure 10 that higher initial confining
pressures correspond to higher values of deviator stress and pore
pressure for all values of axial strain.

Figure 11 and Figure 12 show the curves of the deviator
stress and effective principal stress ratio vs axial strain curves for
the consolidated-drained compression tests. Again, as in the consolidated-
undrained compression tests, the 5;/5; ratio for samples under confining

pressure of 5 and 15 psi peak before the (3;-5;) stress. The curves of
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the E;/G; vs axial strain for samples under confining pressures of 5
and 15 psi also have shapes different from the other curves. A similar
difference is not seen in the (5;-5;) vs axial strain curves. Samples

in the consolidated-drained compression tests attain their maximum values

of (E;-E;) and 5;/3; at higher strains than do samples in the consolidated-

undrained compression tests, i.e. at 4.2% and 1.5% axial strain respectively

at confining pressures of 5 psi. The volume change vs strain curves are
shown in Figure 13. The curves show the increase in volume at small
strain and decrease in volume at large strain except for the samples
obtained from the depth 6 to 8 feet tested at confining pressures of

5 and 60 psi. According to the theory (Bishop and Henkel]), a normally-
consolidated clay will show a volume decrease during the shearing stage,
and an over-conso]idatéd clay will show a small volume decfease at small
strain and dilation (volume increase) at a large strain. Therefore, the
apparent dilation at small strain suggests the possibility of leakage

in the drainage 1ine between the cell and burette or possible evaporation
from the burette during a Tong term test. Under the same conditions a
norma]]y—cohso]idated clay can show an incorrect dilation at small strain,
and an apparently smaller than actual volume decrease at large strain.
With this leakage or evaporation the over-consolidated clay can show
incorrectly exaggerated dilation throughout the entire test. This has

to be taken into account in interpreting the test results. From the
volume change vs axial strain curves of the 1 to 13-foot depth samples,
it appears that for a confining pressure of abbut 45 psi, the clay is
over-consolidated, but at higher confining pressure the clay is normally-

consolidated. The curves for the 6 to 8-foot depth samples suggest
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possible membrane leakage for samples tested at confining pressures
of 5 and 15 psi. At these low confining pressure, the samples should
show dilation as expected for over-consolidated clays. Instead they
show volume decrease explainable only by possible membrane leakage.
It may be noted that the consolidation test shows a 13 psi preconsol-
idation pressure for the sample. So the sample at 5 psi confining
pressure should definitely have behaved as an over-consolidated clay,
which it does not. ‘

Figure 14, 15 and 16 show the deviator stress, principal
stress ratio and volume change vs axial strain curves for the con-
solidated drained with constant mean normal stress tests. It is
shown that the deviator stress increases, the principal éffective
stress ratio increases, and the volume decreases for corresponding
strain increases. At 10W confining pressure, the increasing of
stress ratio and vo]uhe change are higher than under higher confining

pressure for corresponding strain.

2 Effective Shear Strength Parametérs From Triaxial Tests

The effective shear strength parameters c' and ¢' are obtained
by using the Mohr circle method, and by calculation using plots of
1/2(5;-6;)f Vs 5; where the subscript "f" denotes failure. Values of
c' and ¢' obtained both ways for all types of triaxial tests are shown
in Figure 17 to Figure 22 and the summary is shown in Table 3.

The Mohr circle method gives a close agreement to the
]/2(5;-5;)f Vs E; method except for the extension test. In both
consolidated-undrained and consolidated drained tests the maximum

difference in c'and ¢' obtained from two methods are about 1.3 psi
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TABLE 3 - SUMMARY OF EFFECTIVE SHEAR STRENGTH PARAMETERS FROM
VARIOUS TYPES OF TESTS

CI ¢l
TYPE OF TEST psi |degree COMMENTS
Consolidated-Undrained Triaxial L.L.=123, P.L.=44, qu=1,520 psf
Compression Test
0 <o < 44 psi 6.5 { 13 |Mohr Circle Method
o > 44 psi 0 |20
0<g < 44 psi 5.2 1 15.6 |4(o -0 )f vs ¢ Method
o > 44 psi 0 }19.5 13 S
Consolidated-Undrained Triaxial , L.L.=123, P.L.=44, qu=1;520 psf
Extension Test
0<35<4psi ° 13 |16  [Mohr Circle Method
o > 44 psi ' : 6.41 12.6 Ps(o -0 )f Vs ¢ Method
- 1 3" 3
Conso]idated-Drained Triaxial Test L.L.=103-114, P.L.=41-42,
' qu=1,8]0 psf
0 < g < 44 psi 5 |14 [Mohr Circle Method
- o > 44 psi
0 <o <44 psi 5 113.7 k(o -0 )¢ Vs o Method
o > 44 psi 0 [18.2 13 3
Direct Shear Test E _ L.L.=48, P.L.=18, qu=660 psf
Peak Strength 1 20
Residual Strength 0 12.5
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and 2.6 degrees respectively. For the extension test the differences
are respectively 6.6 psi, and 3.6 degrees which are considered large.
The reason for these differences will be discussed later.

The soil samples used in the triaxial tests did not all come
from the same depth. In order to have sufficient samples for the
tests, materials were used from the 6 to 8, 11 to 13 and 16 to 18-
foot dépths. Similar plastic and liquid Timits confirm the samples
to be very similar highly plastic clays. A comparison between the
consolidated -undrained and consolidated-drained tests can be made
even though thg tests were on samples from different depths with
apparently small error. | |

- It is shown from Figures 17, 18, 21 and 22 that the soil
is under an over-consolidated condition within the stress range from
0 to about 44 psi which is shown by the portion AB of the curves.
The way to interpret the over-éonso]idatéd and normally-consolidated
conditions by plotting the Mohr circle is explained in all Soil
Mechanics textbooks.

For conéo]idated—undrained and consolidated drained triaxial
tests, when confining pressure is less than 44 psi, the value of ¢' is
0.3 degrees greater to 2.6 degrees less obtained from the Mohr circle
plots as compared to the value obtained from the 1/2(E;~5;)f Vs 5;
plots. Similarly, the value of ¢' is 1.3 psi greater. For confining
pressures greater than 44 psi, both plots give ¢' values 0.2 to 0.5
degrees greater. It is reported by Simons and Bjerrumz that for
normally-consolidated clay the shear strength parameters c¢' and ¢'

obtained from consolidated-undrained triaxial tests are very close to
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the values obtained from consolidated drained triaxial tests. But
there is some difference in ¢' and ¢' values for over-consolidated
clay obtained from both types of triaxial test (Simons3). For
Winnipeg clay, Nalin P. Samarasingha4 also observed that a higher
cohesion intercept in terms of effective stress is obtained from

the consolidated-undrained tests than from the consolidated-drained
tests. Simons and Bjerrum2 have reported that the reasons for the
differences between consolidated-undrained and drained tests were also
discussed by Bishop, Bjerrum, Casagrande and Wilson, Hirschfeld and
Skempton and Bishop. In any comparison of the results between
undrained and drained tests, it must be considered the rate of loading,
saturation of the sample, work involved in changing volume (Bjerrum and
Simonsz). These are discussed as follows:

The rate of Tloading in undrained tests was0.0002 inch per
minute. It took on the average about 8 hours to load the samples to
failure. 1In dréined tests it took about 7 days by average. Since ¢!
is to some extent time dependent, it is necessary to use similar rates
of testing in making an experimental comparison. The effect of time
on shear strength was shown by whitmans. For Winnipeg clays, it has
been shown by Nalin P. Samarasingha4 that with increasing the strain
rate, ¢' decreases and ¢' increases in consolidated -undrained tests.
Thus, if the rate of strain in undrained tests are slower, there
might be an agreement in the shear strength parameters obtained from
both types of triaxial tests. However, the strain rate of 0.0002 inch
per minute is generally slow enough to permit equalization of the pore

pressure (ScottG).
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Saturation of the samples also has an influence on the shear
strength parameters because if a sample is only partially saturated,
then measurements of pore pressure using an ordinary porous stone
may result in significant error which is due to the dissolved gas
in the soil volume entering the pore pressure measuring system. The
use of extremely fine porous stone may be needed. Because of the high
degree of saturation of the soil samples, i.e. at least about 98%, and
the use of 10 psi back pressure is assumed to be sufficient to achieve
full saturation. Lowe7 has reported that this amount of back préssure
results in full saturation. For different degrees of saturation, Lowe
also has shown the amount of back pressure needed. Bishop and Henkel]
have shown that in practical work the use of 30 psi back pressure is
sufficient.

The last factor which involves in the comparison of shear
strength parameters is the work done in changing volume. Theoretically,
undrafned and drained tests can only be compared if the drained test
is corrected for the work to failure involved in changing volume.

For norma1]y—¢onso]idated clays, Bishop and Bjerrum8 have reported

that Skempton and Bishop have shown theoretically using Hvorslev
concepts of true cohesion and friction that there should be close
agreement between the effective stress envelopes for consolidated -
undrained and drained tests, more exactly the correction generally
increases ¢' obtained from the drained test. For over-consolidated
clays the correction is important and the correction reduces the
observed value of ¢' obtained from the drained test (Bjerrum and Sim0n5)2~

Bishop and Bjerrum8 have reported that for normally-consolidated
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clay the observed value of ¢' from the consolidated-undrained tests

is higher by 0 to 1 degree in typical cases, and for over-consolidated

clay the drained test is usually found to give the higher value. The
results obtained from Winnipeg clay do agree with Bishop and Bjerrum
findings when the Mohr circle method is used. For the 1/2(5;-5;)f Vs 5;
method, the undrained test gave the higher ¢' value for the over-

consolidated condition contrary to Bishop and Bjerrum findings. The

problem, however, is how to obtain the best fit lines given the
scatter of data in both methods. The maximum difference in ¢' of 2
degrees can be due to the difference in visually "fitting" the data
in the two p]éts.

- The failure theories used in practice generally assume the
isotropic materials. Anisotropic materials would show directional
properties. Therefore, the standard triaxial compression and extension
tests on stratified soil have never been expected to give the same shear

strength parameters. Kenny9 has shown that two identical soil elements

subjected to identical consolidation stress, but sheared to fail at
different inclinations can exhibit different undrained strength
confirming earlier work by Eden, Lo and Milligan. The latter had

tested natural stratified and homogeneous clay in compression, the

samples being cut at different inclinations. The result indicated
that undrained strength was dependent on orientation of the sample
when all other factors were equal. It is the same case when the
standard compression and extension tests are compared. The failure
planes in these cases are differently inclined. In the standard

compression test it inclines at 45 + ¢/2 degrees to the horizontal
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where in the extension test it inclines at 45 + ¢/2 to the vertical.
Another reason for a difference may be.that in the standard triaxial
- compression test, the intermediate principal stress remains constant,
whereas in the extension test it is continually changing. This
would be a factor if the strength depended on the intermediate
principal stress. The ¢' and ¢' obtained from undistrubed samples
of Winnipeg clay are 6.4 psi and 12.6 degrees based on the 1/2(5;-5;)f
Vs E;, for the over-consolidated condition. The value of ¢' is about
28% greater than that for the compression tests, but ¢' is about 19%
smaller. The value of ¢' which has been observed by other researchers,
i.e.'Johansen; Taylor, Taylor and Clough, Henkel, as reported by
Hvonr*s]ev]0 was in some cases greater and in some cases smaller than
those for compression tests in which the maximum difference is about
20%. These véry substantia] differences in results obtained from
undisturbed Winnipeg clay would indicate a marked lack of isotropy.
In this discussion the results based on the Mohr circle method is
not mentioned because the tests have been done on only three samples
and unfortunately only two samples are considered as being in the
over-consolidated condition. It is very difficult to draw the best
tangent to the closely spaced circles and especially where there are
only two circles. Therefore, the 1/2(3;-3;)f Vs 3; method is
chosen to be the suitable method for this case.

Figure 23 shows the results of the undrained triaxial tests
plotted in a stress space. The results of the compression test are
plotted above the space diagonal line and the results of the extension

test are plotted below the space diagonal 1ine. The stress paths for
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all samples are also shown in Figure 23. For the compression test,
the stress paths for the samples conso]idated'at confining pressures
of 5 and 14 psi have the shapes as expected for an over-consolidated
clay. The samples consolidated at confining pressures of 44, 58.5 and
89 psi have the shapes as expetted for a normally-consolidated clay.
The sample consolidated at confining pressure 30 psi does not show
c]ear]& whether it is in an over-consolidated or normally-consolidated
condition. Theréfore, it can be considered to show the border between
over-consolidated and normally-consolidated conditions or defining
approximately the preconsolidation pressure. Al results of the
extension test show the shapes of stress paths expected for a normally-
consolidated clay. This ié to be expected as the confining pressures
are greater than the apparent preconsolidation pressure.

It may be concluded from the stress paths obtained from the

undrained compression and extension tests that preconsolidation pressure

should be about 30 psi. Considering the results obtained from the
consolidation test and triaxial tests, the preconsolidation pressure

value ranges between about 20 psi andabout 44 psi.

3 Direct Shear Test Results

Figure 24 shows the shear stress vs totai strain for samples
consolidated at normal pressures of 10, 20, 36.5 and 59 psi and tested
in direct shear. Figuré 25 shows the Mohr rupture envelopes from
which the effective peak strength and effective residual strength
parameters are obtained. The results are also summarized in Table 3.
The peak shear strength parameters obtained in the direct shear test

differ considerably from the parameters obtained in the triaxial tests.
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This is to be expected since the samples are different. The soil

is a highly plastic clay for the triaxial tests, and a silty clay for
the direct shear test. The peak cohesion and friction angle are 1-
psi and 20 degrees respectively. The residual cohesion is zero and
the residual friction angle is 12.5 degrees. These low values can

be expected for a silty clay.

4. Pore Pressure Parameter B and Af

Figure 26 shows the linear relationship between the all-
around cell pressure and pore pressure developed in the soil sample
in an undrained test. Theoretically, for é fully saturated clay
the pore pressure parameter B is equal to unity. It is less than
unity for a partially saturated'clay. The results of the test are
shown in Table 4. The results are consistent with theory since B
is nearly unity. The initial saturation of the sample used is
98%. In practical work this is considered as fully saturated. The
negative intercept of the graph shown in Figure 26 may be explained
as the result of an initial tension or a negative pore pressure
in the pore water because the undisturbed sample has not been
allowed to re-consolidate after_it was taken from the ground.

Figure 27 shows the relationship between the pore pressure
parameter Af and the confining pressure. It is clearly shown that
by increasing the confining pressure, Af will increase. The values
of Af at confining pressures of 44, 58.5 and 89 psi range from 0.84
to 0.98, but the values of Af at confining pressures of 5, 14 and 30
psi range from 0.21 to 0.63. According to Bishop and Henkel], when
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 TABLE 4 | ‘ o o

PORE PRESSURE PARAMETER B

A03 AUa
psi psi B
10 3.5 ---
20 12.0 0.85
30 21.5 0.95
40 31.0 0.95
50 40.5 0.95
60 50.0 0.95
70 60.0 1.00
80 69.5 0.95
90 79.0 0.95
100 83.5 . 0.95
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the over-consolidation pressure ratio equals one, the Af values

for typical cases is also close to one. Values of Af decrease
with increasing over-consolidation ratio, with a value Af =0,
obtained for an over-consolidation ratio of about 4. Inferpolation
would suggest preconsolidation pressure somewhere between 20 to

45 psi for samples taken from the 16- to 18-foot depth.




CHAPTER VI

USE OF TEST DATA

1 Bearing Capacity of Foundations

-1.1 Theory

The purpose of a structural foundation is to transfer the
structural loads safely to the ground below. In general, the bearing
capacity of the soil and the amount of differential settlement aré the
prime concern. The bearing capacity depends on the soil itself as well
as the shape and size of the foundation. The solution for the bearing
capacity has been developed first From Prandtl's theory of plastic
failure for metals. Terzaghi]] has presented a solution for the
ultimate bearing capacity of long footing which is more general in
nature than the others. According to Terzaghi, for a continuous

footing of width b embedded a depth, Df, in a soil with unit weight,
¥, cohesion, c, and friction angle, ¢, the bearing capacity for the
undrained case may bé expressed by the following:

- b i
net yit = N + 1.0 Y, 2 NY + Y, Df(qul) ....... (1)

where, et ult - net ultimate bearing capacity;

¢ = cohesion;
Y, = unit weight_of soil below elevation of base of footing;
Y, = unit weight of soil above elevation of base of footing;
and
Nc’Ny’Nq = coefficients depending only on the angle of internal

friction, ¢, as shown in Figure 28.
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The bearing capacity of the soil for the drained case may

be expressed in terms of net pressures as follows:

= ot b N
Iet ute “C N F 10y 7 N o4y De(N-T) ...

where, ¢’ effective cohesion,

Yl = unit weight of soil below elevation of base of footing
corrected for the position of the watertab]e;
¥, = unit weight of soil above elevation of base of footing
corrected for the position of the watertable;
N_.N_,N_ = coefficients depending on the effective éng]e of

internal friction, ¢', as shown in Figure 28.

The typical pattern of the rupture theoretical slip planes

, in the soil under a foundation at failure is shown in Figure 29,

Figure 29 - TYPICAL RUPTURE SURFACES BENEATH A FOUNDATION AT FAILURE

The region ACD is a zone of Passive Rankine failure. The
region ABC is a zone of radial shear. The soil in the region ABA' may
or may not be in the state of plastic equilibrium depending on the

roughness of the underside of the foundation. For rough footing, it
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is in a condition of elastic equilibrium, whereas for smooth footing

it is in the active state.

1.2 Discussion

The bearing capacity of saturated clays is normally compﬁted
by using a total stress analysis based on no drainage taking place. This
is the condition normally encountered where construction rates are
relative]yirapid, and because of Tow clay permeability virtually no
drainage takes place during the time of construction and first loading.
Since the foundation loads increase the stfesses in the soil, the pore
pressures are increased during loading, and with time subsequently
reduce. Thus, the effective stresses have their least value at the end
of the construction period, and increase as the soils consolidate. The
foundation becomes more stable with time, and the long term stability
need not generally be considered, if the foundation is shown to be
safe initially. When the construction period is unusually lond, or
the load is applied in stages over a long period, some significant
dissipation of the excess pore pressure may take place before loading
is complete. A total stress analysis based on the undrained condition
may be conservative. An analysis can be made in terms of effective
stress, taking aécount of the dissipation of the pofe pressure during
loading. The shear strength paréméters c' and ¢' are normally obtained
from undrained triaxial compression tests with pore pressure measurement,
or from drained tests. Tﬁe shear strength of clays has been a subject
of discussion and disagreement ever since investigators began to think

seriously about the subject. From Coulomb's original equation,

Tf SCtoctang .. ..o oo (3)
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where, Tf = the maximum shear resistance;

op = the normal stress on the failure plane;
O¢ tan ¢ = the friction on the failure plane; and
c and ¢ = the cohesion and internal friction as defined before.

In a more fundamental form, Coulomb's equation is written
as follows:

Te = c' + (of—u) tan ¢'. o . e e e e e e e . . (4)
where, u = the pore pressure; and the other symbols are as previously
defined.

According to Skempton and Bishoplz, in any isotropic soil
the cohesion is a non-directional property and it may be regarded as
the resultant of the physico-chemical forces acting between particles
whigh'is the important forces in clay soils.

Internal friction is derived principally from the actual
friction of grain on grain. It is, however, also taken as including

the resistance to shear developed as a result of the work which has elE

to be done when the soil changes volume during shear. Internal friction
for isotropic soils is not itself a directional property, but in the
general case of an element under unequal principal stresses the shear

resistance along different planes will vary in accordance with the
variation ih normal stress, o, and hence the internal friction imparts
directional properties to the soil.

There is evidence that the undrained shear strength of Winnipeg
clays is disfinct]y anisotropic. For example, Loh and Ho1t;]3 reported
that the undrained shear strength of undisturbed samples cut with the.

axis 90° from the horizontal is found to be about 2.2 times the value
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for that of samples cut 0% from the horizontal. The engineer is thus
faced with several practical questions, such as the possibility of
using c¢' and ¢' obtained from consolidated undrained compression tests
or drained tests, or perhaps the values obtained from some other
tests, for example, extension tests. Also, c' and ¢' can be obtained
in terms of peak and residual strength in direct shear tests. The
question arises which one is more applicable to foundation bearing
capacity determination.

The calculated Terzaghi net ultimate bearing capacity for
all values of c' and ¢' are tabulated in Table 5 and Table 6. The
calculations were done by considering a strip footing with lo‘feet
width and 6 feet depth, and a strip footing with 2.5 feet width and
1.5 feet depth, with ground watertable at the worst position, i.e. at
ground level. These correspond to a typical large footing, and a
small shallow footihg in a Winnipeg building with a basement. The
average unit wéight of the soil both above and below the base of the
footing were taken equal to 107 psf based on actual test values. The
Winnipeg Building Code values are shown for comparison with ultimate
values based on an assumed factor of safety of 2.5.

In the case of a strip footing with ld fget width and 6

feet depth, the calculated net ultimate bearing capacity based on

c 6.5 psi, ¢' = 13 degrees, is about 12,000 psf, and c' = 5.2 psi,

¢' = 15.6 degrees, is about 11,700 psf. These shear strength parameters
are obtained from the consolidated-undrained compression test. The
values of net ultimate bearing capacity are very close and about 2.4

times the bearing capacity given by the Winnipeg Building Code for
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TABLE 5 - BEARING CAPACITY FOR A 10-FOOT WIDE, STRIP FOOTING
Df = 6 feet, B =10 feet, L = «

¢! o' NET ULTIMATE BEARING METHOD.TO .
TYPE OF TEST psi Kegree CAPACITY OBTAIN ¢', ¢
(psf)
Calculated After
Consolidation
: Condition
Consolidated -Undrained Tri-
axial Compression Test
0 < o < 44 psi 6.5 |13 12,000 Mohr Circle
o > 44 psi 0 20 2,700
0< E < 44 psi 5.2 |15.6 11,700 (o -0 ) Vs o
o > 44 psi 0 19.5 2,600 13 - 3
Consolidated-Undrained Tri-
axial Extension Test
0< 3'5 44 psi 6.4 |12.6 11,200 %(5;-5;) Vs 03
Consolidated-Drained Tri-
axial Test
0 < o < 44 psi 5 14 10,000 Mohr Circle
" o > 44 psi 0 18 2,200
0 < g < 44 psi 5 13.7 10,000 L(oc -0 ) vs o
T o > 44 psi 0 18.2 2,200 1 3 3
Direct Shear Test
Peak Strength ] 20 6,000
Residual Strength 0 12.5 1,300

Unconsolidated-Undrained
Test, Assume cu=qu/2, ¢=0

Winnipeg Building Code
Firm Clay

} Assume S.F.-2.5

Soft Clay

Calculated Before
Consolidation
Condition

4,700

5,000
2,500
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TABLE 6 - BEARING CAPACITY FOR A 2.5-FOOT WIDE, STRIP FOOTING
Df = 1.5 feet, B = 2.5 feet, L = «

¢! o' NET ULTIMATE BEARING| METHOD TO
1 ]
TYPE OF TEST psi |degree CAPACITY OBTAIN c¢', ¢
(psf)
Calculated After
Consolidation
Condition
Consolidated-Undrained Tri-
axial Compression Test
0 < g <44 psi 6.5 |13 11,100 Mohr Circle
o > 44 psi 0 20 685
0 < g < 44 psi 5.2 |15.6 10,500 (0 -0 ) vs o
o > 44 psi 0 |19.5 655 13 3
Consolidated-Undrained Tri-
axial Extension Test
0< 5’5 44 psi 6.4 |12.6 10,400 %(E;-E;) VS E;
Consolidated-Drained Tri-
axial Test
0 < o < 44 psi 5 14 9,000 Mohr Circle
o > 44 psi 0 18 540
0 <o > 44 psi 5 [13.7 9,000 Lo -0 )vs o
o > 44 psi 0 18.2 540 13 3
Direct Shear Test
Peak Strength 1 20 3,200
Residual Strength 0 12.5 320
Calculated Before
Consolidation
Condition
Unconsolidated~-Undrained 4,700
Test, Assume c;qu/Z, $= 0
Winnipeg Building Code
Firm Clay 5,000
} Assume S.F.=2.5
Soft Clay 2,500




firm clay. The net ultimate bearing capacity based on c' = 6.4 psi,
¢' = 12.6 degrees as obtained from the consolidated-undrained triaxial
extension test is about 11,200 psf. This value is only a little
smaller than that obtained from the consolidated-undrained compression
test. In practical work that small difference is considered as
insignificant. Therefore, it may be said that ¢' and ¢' obtained

from the extension test give the het ultimate bearing capacity about

2.4 times the code value. The net ultimate bearing capacity based on

¢' =5 psi, ¢' = 14 degrees, is the same as that based on ¢' = § psi,

¢' = 13.7 degrees which is about 10,000 psf or 2 times the capacity
obtained from the code. These are obtained from the consolidated-
drained triaxial test. Hence, in the over-consolidated range the
net ultimate bearing capacity based on the shear strength parameters
obtained from the consolidated-drained test is less than that obtained
from the consolidated-undrained triaxial compression and extension
teﬁts.

For the normally-consolidated range, the net ultimate bearing
capacity based on c' = 0 psi, ¢' = 20 degrees and ¢' = 0 psi, ¢' = 19.5
degrees which obtained from the consolidated-undrained triaxial test
are 2,700 and 2,600 psf respectively. Both bearing éapacity values are
about 0.5 times the bearing capacity given by the code. For the
consolidated-drained test which c' = 0 psi, ¢' = 18 degrees, and ¢' = 0
psi, ¢' = 18.2 degrees, the net ultimate bearing capacity is equal in
both cases and is about 2,200 psf or 0.4 times the code value. Therefore,

the net u]timate bearing capacity obtained from the consolidated-drained

triaxial test is also less than that obtained from the consolidated-
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undrained triaxial compression test for this pressure range.

In the case of a strip footing with 2.5 feet width and 1.5
feet depth, the values of net bearing cap&city based on ¢' = 6.5 psi,
$' = 13 degrees and ¢' = 5.2 psi, ¢' = 15.6 degrees, are about 11,100
psf and 10,500 psf respectively, or about 2.2 times the code value
for firm clay. The net ultimate bearing capacity based on ¢' = 6.4
psi, ¢' = 12.6 degrees, which obtained from the consolidated -undrained
triaxial extension test is about 10,400 psf. Again, as in the case
of the wider footing the net ultimate bearing capacity obtained from
this test is very close to that obtained from the consolidated -undrained
triaxial compression test. Therefore, it may be said that the bearing
capacity obtained is about 2.2 times the code value. The net ultimate
bearing capacity based on ¢' = 5 psi, $' = 14 degrees is equal to that
based on c' = 5 psi, ¢' = 13.7 degrees which is about 9,000 psf or
1.8 times the code value. Thus, the net ultimate bearing capacity
obtained from the consolidated -drained test is less than that obtained
from the other two types of triaxial test by 0.4 times the code value
as in the case of the 10 feet width and 6 feet depth footing for the
over-consolidated range.

For the normally-consolidated range, the values of net ultimate
bearing capacity obtained from the consolidated-undrained compression
triaxial test and drained test range from about 540 psf to about 685 psf
which are considered very low values. Normally, the allowable net
bearing capacity used in Winnipeg is about 2,000 psf. This results in
stresses not appreciably exceeding the lower preconsolidation pressure

indicated by the tests, and generally less than the maximum indicated
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preconsolidation pressure. Consequently, the low bearing capacity
value corresponding to tﬁe shear strength parameters beyond the pre-
consolidation pressure, has no practical meaniﬁg.

If the soil is homogeneous and isotropic, c¢' and ¢' are
constant for a given soil. But Winnipeg clay is laminated and

anisotropic, therefore, the question arises whether or not the

extension test may give a bearing capacity closer to an actual value

in foundation problems since both of the standard compression and
extension triaxial tests correspond to a passive earth pressure
condition. In the standard compression test, the minor principal
stress, 03, was equal to the intermediate principal stress, cz, and
was equal to the all-around cell pressure. The sample was brought to
failure by increasing 01 which was the vertical stress. In the
extension test, 03 was equal to 02 and was also equal to all-around
cell pressure. The sample was brought to failure by increasing °

and °, while o was kept constant. Consider the typical pattern of

rupture surfaces in the soil under a foundation in Figure 29. When
failure occurs, the soil in the passive zone will have an increased
horizontal stress and constant vertical stress. This is simulated by

the extension test in the laboratory. Therefore, for anisotropic

soil it may be argued that the extension test is more applicable in

the passive zone and should give the more reliable shear strength
parameters for bearing capacity calculation. The calculated net

bearing capacity values for a typical Targe and small footing show

there is not much difference between the values based on the consolidated -

undrained triaxial compression and extension tests. Therefore, for
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anisotropic soil it may be argued that the extension test is more
applicable in the passive zone and should give the more reliable
shear strength parameters for bearing capacity calculation. The
calculated net bearing capacity values for a typical large and small
footing show there is not much difference between the values based on
the consolidated-undrained triaxial compression and extension tests.
Therefore, for Winnipeg clay it does not appreciably matter whether
the test is performed by using consolidated-undrained triaxial
compression or extension test.

The long term net ultimate bearing capacity obtained from
the consolidated-drained test is somewhat lower than that obtained
from the consolidated-undrained triaxial test, and therefore more
conservative. A lower factor of safety, for example, 2.5 as compared
to 3.0 may be justified in the case of the drained test values.

The net ultimate bearing capacity values obtained from the
peak and residual shear strength parameters are about 6,000 psf and
1,300 psf respectively for the 10 feet width and 6 feet depth, strip
footing. For the narrower strip footing with 2.5 feet width and 1.5
feet depth, the net ultimate bearing capacity values corresponded to
the peak and residual shear strength parameters are 3,200 psf and 320
psf respectively. These results of tests can be compared to the
Winnipeg Building Code for soft clay value. When the comparison is
made, the peak shear strength parameters give the bearing capacity
about 2.4 times the code value for the wider footing, and about 1.3
times the code value for the.narrower footing. The residual shear

strength parameters give the bearing capacity about 0.5 times the
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code value for the wider footing, and about 0.13 times_the code value

for the narrower footing. The comparison between the net ultimate

bearing capacity based on the triaxial test and the direct shear

test is not made because of difference in the soil samples.
The‘residua1 shear strength parameters do not give a

reasonable bearing capacity value. Settlement requirements and

factor of safety preclude large strains, and the reduction of

strength does not take place.

2 The Application of the Shear Strength Parameters to The Solution
of Slope Stability Problems

2.1 Theory

If the undrained shear strength of a slope is measured by the

consolidated undrained or unconfined compression test, the expression

T = Cu ......................... (5)
where, t = shear strength; and
Cu = the apparent cohesion,

is inserted in the stability analysis which is called the ¢ = 0 analysis.

In this particular case _

Cu = ;5(0'1"0'3)f ooooooooooooo e (6)

where, (ol-cs)f = the deviator stress at failure.

Since the unconfined compression test is a simple and economical

test, it raises the question as to how applicable the ¢ = 0 analysis is the

stability problems in clay. L. Bjerrum and B. Kjaerns]i]4

for normally-consolidated clays, the stability analysis based on the
undrained shear strength of the clay gives too low safety factors, and

thus leads to unreliable results in the case of long term stability of

have found that
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natural slopes. The error in safety factor using the ¢ = 0 analysis
for the long term stability of a natural slope of stiff clay was -
- found to be over-estimated up to 2,000%. In soft clay, the stability

tends to be under-estimated. In a heavily over-consolidated stiff

15 have reported that the ¢ = 0 analysis

clay, Henkel and Skempton
has led to an overestimation of the factor of safety. The reason

of the source of error in using the total stress analysis is
explained as the dissipation of the negative pore pressure with time
and the pore pressure acting on the failure plane will be determined
solely by the ground water conditions. Therefore, the undrained
tests, in general, cannot give reliable estimates or predictions

of factor of safety for slope in overconsolidated clays either.

When the pore pressure is determined, the expression

t=c¢'+ (o-u)f tan o' . . oL s e e e e (7)

where, (o-u)f the effective stress at failure;

c' = the effective cohesion; and

o' the effective angle of internal friction,
is used in the analysis. This is called "the effective stress analysis".

The studies of the slides indicate that the effective stress

analysis yields satisfactory results for investigating the long term
stability of slopes in normally cpnso]idated and overconsolidated,
intact clays (Bjerrum and Kjaernsli)]4. Henkel and Skempton]6 have
reported that in several analysis of very long term slips in over-
consolidated fissured clays, the effective stress analysis gives

over-estimated factors of safety. However, the error is found to be
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less than the total stress analysis. It is suggested by some field
evidence that if the cohesion intercept of the failure envelope c'

is neglected and the slope analysed in terms of the angle of shearing
resistance ¢' only, the good indication of stability is possible to

be obtained. The reason of the reduction in apparent cohesion is
probably due to a combination of factors as cyclical stress changes,
local movements, and fissures (Henkel and Skempton)]s. It is in constrast
to the report of another slope analysis which is given by Skempton and

16. They reported that the full cohesion intercept, c’, is

Brown
operative on the actual slip surfaces in the 1ightly and heavily over-
consolidated intact clay, where the ¢' is zero gave the values of
factors of safety much less than one.
When the residual strength is determined, the shear strength
can be expressed as the following:
TR = c'R + (o-u)f tan ¢'R
where, R = the residual shear strength;
(o4u#
'y
¢'R

In most cases c'R is almost zero, therefore, the residual shear strength

the effective stress at failure;

the effective residual cohesion; and

the effective residual friction angle.

may be written as the following:

R = (O—U)f tan ¢'R

Skempton]7 has explained that a fissured or jointed clay would
not be able to develop a peak strength along the full length of the slip
surface. Also, the cracks and holes can cause the peak to be crossed.
By these reasons, when the fissured or jointed clay is concerned

in stability analysis, the residual strength should be used.
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In the case of a pre-sliding slope, the use of residual strength
is valid since the shear strength has already been reduced to the
residual value. In a slope that a progressive failure surface is

expected, Bjerrum]8

reported that the residual shear strength must
be used in slope stability analysis of progressive failures, and
indeed, most of the slope failures inoverconsolidated plastic
clays and clay shales are proceeded by a mechanism of progressive

failure.

2.2 Discussion
Experience elsewhere gives a guide to the appropriate shear
strength parameters to be used in landslide, river bank, and embankment

19 investigated

stability analyses. In the case of landslides, Thomson
the Lesuerer landslide iocated on the outside of a bend of the North
Saskatchewan River. The stratigraphic profile consisted of fine
glacial lake sand, till, terrace sands and gravel overlying clay
shales. The slide occurred in the clay shales. A series of first
and second analyses indicated that the erosion of the terrace at

the toe of the slope due to lateral migration of the river decreased
the strength from the peak to the residual value over a long period
of time possibly accompanied by creep movements. In the case of

20 4id a stability study at the University of

river banks, Thomson
Alberta in Edmonton. The stratigraphic sections consisted of glacial
lake sediments, ti11, preglacial sands and gravels and clay shales. He
found that the river bank which had failed by uplift and erosion had a
Tow factor of safety when residual strength parameters were used in an

infinite slope analysis. The use of the residual strength parameters
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might have been somewhat conservative since the river bank had
apparently never been subjected to movement. The use of peak strength
parameters represented an upper. bound of the slope stability. The:
lower bound may be dérived using residual strength parameters.

Lo and StermacZ] studied the failed roadway embankment ‘at
New Liskeard, Northern Ontario., The fill material was granular with
a high percentage of pebbles and boulders placed in layers of 2 to
3 feet thick. The subsoil at the site was a layer of laminated silty
clay approximately 8 feet thick lying on a varved clay stratum. The
failure took place during construction period. The results indicated
that using the average strength of all field and laboratory tests
and taking tension crack and fill strength into account, the total
stress (the ¢ = 0) analysis led to an accuracy within 15% on the safe
side of the factor of safety. The effective stress analysis yielded
a factor of safety on the unsafe side by more than 20% unless the
assumptions of no fill strength and zero cohesion intercept were made.
Ins]ey22 also studied the failure of compacted clay embankment fill
in the North Peace River area of Northern Alberta on the route of the
Great Slave Lake Railway. The fill was done on a 10 foot brown clay
underlain by a uniform grey stony clay. The total stress analysis
yielded a factor of safety 1.01 when the mean unconfined compression
strength for actual moisture contents, tension crack and the coﬁdition
of failure passing just above the base of the fill were taken into
account. The effective stress analysis yielded the mihimum factor of
safety of 1.24 which was not correct.

These selected case histories confirm the results of the theories
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observed by Skempton and others. Extending the principle involved to
Winnipeg clays and using the test results obtained, a number of
conclusions can be made.

For river banks and other slopes having long life, stability
analyses based on residual effective shear strength parameters will
give conservative results. Therefore, the peak parameters may be
used as the upper 1imit and the residual parameters may be used as
the Tower Timit. For the results obtained from the laboratory
where:

c'p = 144 psf, ¢'p = 20 degrees,

c'R = 0 psf, ¢'R = 12.5 degrees, ' \
and the moist unit weight, Yo " 107 psf, the slope angle of a river
bank with asSumed.40 foot height and depth factor, D = 1, can be
simply calculated according to Tay]or23.

The river banks in Winnipeg are subjected to changes in river
level, and to seepage resulting from rainfall and snow melt. In
either case, the condition can be for estimate purposes, represented
by Taylor's rapid and complete drawdown case. These conditions would
normally occur at least once a year. On this basis, the upper limit
of the slope angle is 15 degrees corresponding to.a short life,
possibly no more than one year. For an assurance that sliding would
never occur, the slope angle would have to be as Tow as 5 degrees.
This latter figure presumes complete Toss of cohesion. It is not
known how quickly this loss occurs in the field. Indeed, it may
never occur if the soil is not subjected to failure. It thus becomes

very important to prevent failure if slopes steeper than 5 degrees
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are to be maintained. With even small cohesion, slopes of 10 to 12
degrees could be safe for a long time. It becomes most important, however,
to avoid causing a failure in the first place. Adding of fill or
construction on the top of a bank can cause failure, so can run-off,
snow melt, etc. diverted to flow over the bank. This is to be avoided
by providing quick adequate surface drainage. Erosion at the toe
can cause sliding. Toe erosion protectidn is thus also very impOrtant.
Analysis of a 40 foot height bank using the ¢ = 0 method
would indicate that the critical slope angle is about 12 degrees
using the Tower unconfined compressive strength of 1130 psf and
about 73 degrees for the higher value of 1810 psf obtained from
the tests. The higher value would have a very short life. Tension
cracks would soon form and reduce total strength available along the
failure plane. The Tower value of 12 degrees can be justified on the
basis of effective stress parameters and assuming strength parameters
having value between peak and residual values.
The conclusion follows that it is not possible on the basis
of Taboratory tests to obtain the safety factor of slopes except for
extreme conditions. It is not known what value of effective strength
~parameters to be used when residual or peak strength are not applicable.
The undrained strength parameters are only valid for a very short time

after construction.



APPENDICES




- 80 -

APPENDIX A

GRAIN SIZE TEST RESULTS
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APPENDIX B

RESULTS AND TYPICAL DATA OF CONSOLIDATION TEST
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CONSOLIDATION TEST DATA SHEET Page 1 of 3
Project MSc. THESIS
Sample no. 3 Test hole no. ! Depth ft. l6-18
Sample Description GREY BROWN VARVED CLAY
SAMPLE MOISTURE CONTENTS LOADING FRAME DATA
Tare + Ring + Soil + Water (End) = __ 6593 . 50 gm Scction no. = 4
Tare + Ring + Soil = 037 .3( gm l.oad multipaction factor = lo.o00
Tare (No. HXY ) = 387 - 00 gm Weight of cap + ball = 3854 .5} 1b.
i = 8o ., 30
R.(ng+Soxl+Water (Start) 3503 gm SAMPLE DIMENSIONS
Ring + Soll # I~ gm
Ring (No. 6 ) = 295 . 27 gm Diameter = 2 . 53 tn
Water (Starr) = 30 .59 gm ‘Thickness a 0. 62 in
Water (End) =22, 2) gm Cross-Sectlonal Area = 32 . 60 em?
Soil Sotids = 25.04 em | comments
Water (Starr) = 55 &b«
Water (End) = 0 32 o
Pan Load 1b. Yy ! 2 5 2 ! 2
Date (start) | 7 /30LY/73] 9 [30Ly[7] 1o [3uLy /73] 1t [zucy [ 13 /50y [2e] 14 0Ly 75 16{70Y F2
Time (start) 14.20 lo.320 10.45 M50 .55 i1 o} 10 356
0 _0.5000] 0 Jo.45833 0 |0.4849] 0 [n. 4918 ¢ 0.526l1 0 10.4987] 0 {0.4928
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"o, 5009| 1"|0. 1857) 1" 0. 4873 1" [0, 4922] 1" 0. s050] | 0.4980 |"|0.4932
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CONSOLIDATION TEST DATA SHEET Page 2 of 3
Project MS¢., THESIS
Sample no. 2 Test hole no. l Depth ft. [6 -6
Sample Description GREY BROWN VARVED CLAY
SAMPLE MOIST URE CONTENTS LOADING FRAME DATA
Tare + Ring + Soil + Water (End) = __ 6539 . gm Section no. = 4
Tare ¢+ Ring + Soil 2637 -2]  gm load multipaction factor = o . go
Tare (No. . HXY _ )y =247 oo gm Weight of cap + ball = 354 . 51 1b.
i = O .
Ring + Soil + Water (Stary) %J_’Q___ gm SAMPLE DIMENSIONS
Ring + Sofl # 200 21  gm 2
Ring (No. 2) y = __£295. 27 gm Diameter x . 53 in
Water (Start) 220 59 om Thickness = 0. 62 fn
Water (End) = 22. 2] gm Cross-Sectional Area = 22 - 60 cm?
Soil Sotids = 05. 04 om COMMENTS
Water (Start) = __50.6H g
Water (End) = 49 . 32 %
Pan Load Ib. 5 lo 20 lo 5 2 b
Date (starty |17 /3uLy /7319 [yury A so/7uiy sl 21 [3ucy Fa 24/zury f1al 25 /50y /13| 26 [zULY /13
Time (start) 5.30 4. A.22 A.18 2% 55 12 .85 [2 .57
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CONSOLIDATION TEST DATA SHEET Page 3 of 3
Project MSc. THES1S
Samptle no. 32 Test hole no. ] Depth f1. le~15
* Sample Description CREY BROWN VARVED CLAY
SAMPLE MOIST URE CONTENTS LOADING FRAME DATA
Tare + RIng + Soil + Water (End) = 662 . po gm Section no. = 4
Tare + Ring + Soil =037 - B3|  gn Load multipactlon factor = lo_ . 00
Tare (No. HXY y = 2??’7 - 0O gm Welight of cap + ball - 554 . &1 Ib.
i i = .z o - 20 v
R'mg + Soil + Water (Start) _J.L.._.__a 50 5 gm SAMPLE DIMENSIONS
Ring + Sofl #2800 31 g
Ring (No. 6 ) =298 271  gm Diameter s 2.53 in
Water (Start) = 20 . 59 gm Thickness a 0.62 ln2
Water (End) =22 . 21 gm Cross-Sectlonal Atea s 22 .60 cm
Soil Solids =55 04 ¢m COMMENTS
Water (Start) =_bb - BS «
Water (End) =40 . 32 g
Pan Load 1b. {0 20 40
Date (start) |27 [zury/7828[TuLy g 29/70LY /74
Time (start) |2 AB 14.20 [4.20
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CONSOLIDATION TIME CURVES JoB  NO-
: 'TEST NO'
TYPE OF TEST___ CONSOLIDATION(I,TRIAXIAL COMPRESSION [J.
TEST FRAME NO._4 __ LOAD MULTIPLICATION FACTOR lo. 00
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FOR TRIAXIAL TEST ONLY: :
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PERCENT MOTSTURE, STAFT = &5.58 FND= 40.32 o
INITIAL vOID RATIN MIASURFD=1.552 .
DFGREE OF SATURATICN, PERCENT= 98,5

UNIT wT START PCF, MIIST= 104.6 CRY= 67.2 A ) _
v
P AN DIAL voIr STRESS  COEF.NF PERM,
LOAD REANING RATIG  KG PFR CONSCL. » CUEF.
T IR INCHFS SQCM SOCM/SEC  CM/SEC. 1
0.0 0.5000 Le6771 —
{ 0.5 0.4853 1.52376 0.081 ]
. 1.C 0.48¢9 1.5310 0.151
2.0 " 0.4918 1.51¢8 0.291 - -
5.0 0.5061 1.4520  0.7104 8.176-05  4.62F-09
[ 2.0 C.4G87 1.4024 0.291 o ’ »
F - 1.0 0.4929 1.50¢€3 0.151
g 2.0 0.4955  1.4956 0.291 - ' -]
5.0 0.5060  1.4524 0.710
- — 10.0 0.5213 1.3894 '1.4058 8.47€-05  3,15F~09
L 2c.0 0.5465 1.2857  2,8087 | S.10F-05 2.R9F-09
i 10,0 0.5342 1.33¢3 1.4068 1.02E-04 1.59E-09
S 5.C 0.5222 1.3853 €.710
 : 2.0 0.5091 1.43¢6 0.291
H 5.0 0.5179 1.4024 0.710
. 1C.0 0.53C7  1.35C7 1.4098 8.35F-05  2.65E-09
- 20.0 €.55C9 1.2¢676  2,8087 9435F-05  2,41FE-09
i 40.0 0.58%5 1.16¢387 5.6066 1.23E-04  3,20F-09
~ ' "V U NTDU . LI N "N - N L » U 0 vewo(
{ifytion e , ™y

:{Compressive Index = _0.578

‘|Swelling Prassure
1Pra-Cons. Load

T

b (1
T

i
L
o
|
g
i
1 |
I !
2 R
Pressure  Kg./em™(Tons/f1h)
PROJECT ’MSC. THES1S SOIL MECHANICS LABORATORY
SAMPLE & HOLE | DEPTH 16-18 FT oqﬁ?YMENr OF CIVIL ENGINEERING
IVERSITY  OF  MANITODA
TESTED __N_.A DATE _20 /TULY /75 FORT GARRY MANITOBA
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APPENDIX C

RESULTS AND TYPICAL DATA OF UNCONFINED COMPRESSION TEST
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UNCONFINFD COMPRFSSION TEST LAR  (RDIR NOY
PROJFCT __ MSC. THESIS
SAMPLENO 3 TEST HOLF NO R NEPTH FT 21 - 23
SAMPLE nrsr;mrTmN,_.G.SA\{_:,_S_II__FF CLAY WITH _GRAVEL V27 ¢ (oNE GRAVEL FQUND) .
Load | Stratn Total tinit t - Unit Cotrected Load In 1h Vertical
Dial Dial StramIn Steain Strain Atea Stress psi
o) 0.800 0.000 0-0000! 1.0000 | 7.650 o o
B} 0.7175_1 0.025 [0.0064]0.993¢6 | 7. 700 25,2 3,25
_. 125 0.750 0.056D 0.012710.95%513 1. 750 39.0 5. 00
16t 0,725 10,075 10.019) [0.9p09 1. 8600 | 50,2 6. 40
197 10.9700 10.100 |0.0254|0.2726 7.0%60 | 61,8 7.80
254 0.6175 10.125 0.0318 10,4681 T1.900 | 73. 0 3 .15
266 0.650 | 0,150 [9.05483 0.2617 ] 71.850 | 83, 5 o, 4]
2986 0.5625 O, 115 0.0442610.9854 b.clo 93.0 (I . 5o
_31a 9.600 |0. 200 |0.0510][0.9400 ]| ».075 99.0 2. 20
321 Q.587 10.218 10.054510.9495 | 8.075 |100. o 12,38
310 0. 5715 10,225 0.0575H(0,2425 . 1oo 96. 5 .30
‘SAMPLE DIMENSIONS SAMPLF MOISTURE CONTFNTS . START IND
Diameter Top In 2. llo Container No -==-==---snmuass 41 B )
Middile In 3. 128 Wt Contatner + Moist Sample -- - gm .1035.50 1034 .00
Bottom In % . _1i0 Wt Container +.Dry Sample ---- gm 125 ,00
Average In. 2 . 15 | Wt Container -------noooiaall gm 208.40 205 . 40
Avetage Height In 2 . 217 Wt Morist Sample -----cnenenn. [ — — 826 .60
Wt Moistre -~ -eeemeiiaiiiill gm 296 . (f)O
SKETCH AT FAILURF WU Dry Sample -« vemenmnnnn. gm 532 .50
Moustute Content -----.....c... % . 65 .20
Specific AGravuy__E__-_j;L_ From Test —e_Assumed vV
Volume of Sample ---- cc _425.0 <y m —_30.:2
Volume of Soil Solids - cc —1.94.0 Voud
. Volnene of Vouds - - - - - - cc 301.0 Ratio | .48
54, Degree of Satration -+ % 2
¢ Densiy Ib percu ft Dry 61.0 Moust -M___
Tested For. _CANADA CEMENT LAFARGE OIL TANK 01 MTCHANICS LABORATORY
Address WINNIPEG . CANADA DIPARTMENT OF CIVIL ENGINGIRING
Tested By ___N-A Date 5 JULY 1473 UNIVERSITY OF MANITOBA
Calculated By N . A Date 21 JULY 19273 FORT GARRY MANITOBA
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APPENDIX D
RESULTS AND TYPICAL DATA OF TRIAXIAL TESTS

Consolidated Undrained Triaxial Compression Test With Pore
Pressure Measurement

Consolidated Undrained Triaxial Extension Test With Pore
Pressure Measurement

Consolidated Drained Triaxial Test
' o to +o
Constant (—l—gz——l) Test
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LOAD PLIT BUSHING
PISTON ~ |
BLEED VALVE
L IE ROD
ul il gl KNOB
. l "1
A
TOP DRAIN |\
TUBE \
Nl
\
'0' RING \ 5
SEALS — \ #
MEMBRANE —— (EIROLS N
LUCITE \ l_— TIE ROD
CYLINDER~— \q ~
SOIL \
SAMPLE porous N |
BASE = g2yt STONE N\ "KLINGER' VALVE
PLATE e \ FOR TOP DRAIN
¢t - - =
non [ AN
J: - i: :i -~ " . E
"C[;-.:_-' S::’J LE::,‘?{‘LE::: _::mﬂlJ u}:z
*KLINGER' VALVE—\ / > L .y
FOR BOTTOM DRAIN )
FIGURE C —1 - . TRIAXIAL CELL, (paAPTIAL SECTION SHOWING INTERIOR)

UNIVERSITY OF MANITOBA
CIVIL ENGINEERING DEPARTMENT
SOIL MECHANICS LACORATORY



NOTES
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1. For pressure range 0 to 62 psi, close valves
G1 and Gz, open valve Gs'

2. For pressure range 62 to 124 psi, close

valve Gs’ open valve G1 and G .

2

3. Close valve G, when making adjustment to
pressure or when filling upper reservoirs
with mercury.

Upper

Moveable

Reservoir [~

\ VY4
[AY

@ 3K

A\

:tj
d

4

Triaxial Cell

==

Pressure |
Gauge

e

E

Y

\
7\

|

e

7 o ] i
"~ Pore

© Pressure Measurement

System

Reservoir

1L

J 4

!

Control
Cylinder

LA RN

Upper Fixed

FIGURE C-2
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ANCILLA§Y DATA FOR_TRIAXIAL  OR DIRECT SHEAR TEST PAGE § OF _2
PROJECT _MSc. THESIS
JoB NO. TEST HOLE N0, L savplE NO, 4 DEPTH [6 ~1®& FT,
DESCRIPTION OF SAMPLE G RE Y BROVIN VARVED ¢CLAY

METHOD OF PRIPARATION_ TRIMMING

TYPZ OF TEST CONSOQLIDATED

UNDRAINED TRIAXTIAL COMPRESSION _TEST

CZLL KO, DIRZCT SHEAR BOX N,
COLENTS

MACHEL.E NO. !

SPECIFIC GRAVITY CF SCLIDS —2.10  [JFRUM TEST, — [ ASSWMED

SaPLE DIMENSIONS SKETCH OF FAILURE
DIAMETER R LENGTH | WIDTH
LAMETER INCHES X ¥ LA L
TCP = 12595
MINDLE = I 326 OR
BCTTUM =4 1. 597
AVERAGE = 1:295
HEIGHT =_2. i%o LCH = 37 __35?3 oM
X-AREA = l £25 5915 = 05 sn e
VoL = AT9_cy IN = 75 Q__cu cM
S&PLE MOIST WEIGHTS
BEFORE PLACLIG AFTER REMOVING
CiLL FRUM.CELL
TAR.‘ x\u. D D . .
= 220 . 22 216 . 0] : .
T o5 55 R ANGLE OF SHEAR PLANE = 45
124 . 25 119 - 04 '
CIGL CF T DTG TNT c = 5 .21
MOISTURS CONTENTS
DNITIAL AFTEIR COMPLETICH OF TEST
nThe - . FAILURE . ENTIRE
TRDMING | TRIMVING T0P PLAGE BUTTGY, SBMPLE
TARS NO. AR U ol Uss6 Do 8]
Py SUIL+WATERTARE, Gf = 79. 47 25.22 L 61 29 1 X7 a3 [157. 15
YT, SCIL + TARE, O =l 62 o¢rn i | By .55 |37 34 11329 . 2]
wT, TARZ, G2 =f bi.22 3 .72 31 . 5238 .56 . %23 45. 97
WP, WATER, @ =] |6 -¢2 4 . Q0 2 .9 CIRGE] 12 .92
v, SOIL, € =] 2i -1 7 .50 12 .75 [0 . 95 42 .24
FEACINT MUISTCRE =] £1 .00 25.40 1'76 72 1 /1 .00 +4 .75
VEIGIT - VOLUMETRIC RELATIO:SHIP
INITIAL CCLDITIONS AFTiR ISUTR02IC CUNSGLIDATION
SACSLE = 712. K50 C Sz Faud BUNLTIL, CU Cii = 4 . 90
3 a«.un. G = 0. & ATzR, G = 30+ 15
= _23.55% GiT, CX = o . 42
A i CGSCLIDATICN, G = 5 . 99
. = 24 45 ABATIvic, CUCK = 28 . 6o
J""iu{AI‘IuN = 2300 de 80, 5 IN = TS
cy_cH = 39 . 75h
ch RATIO = [ - k3 = [ 34&
= _F4 . D0 = _40. 00
. ] ; = Ay 7 = 72 - 50O
ST AT k.L,’l‘, TCF = 105 . 70 |0ilT wolGir FCIST, FOF = [09. 00
Tested py_bl-J\ Date 5. Dec.73 .SOIL MECHANICS LABORATORY
Calculated by N.A Date 5 Dec.73 Depor'.mem of Clv'yl Eng'ineering
University of Manitoba
Checked by N.A Date 5 Dec. 75 Foit Garry Monitoba




TRIAXIAL TEST WITH PORE WATER PRESSURE MEASUREMENT

J03 NO =Mi TE PATE _ 8 Dec 73
SAMPLE NO = _ 2 PAGE

T —
T | ELAPSED B?Qis_%”g PRE%{'}RE GAUZ(;RE WATER PRESS?‘RE SB?Q{,N aL AL |l = AL AREA |PRoOVING fé,{ﬁl“ 5, 5-5; 5, g
TIME PN 108D psi psi g psi inch {nch 4y - L1 sq 1n RING 1 psd pst psi "‘3
Ib :

2. 20 joo |2 .o 0 o a410 © .0 [ .oocol 1.520] o o |zo.acl o Il R
. 39 12,15 2.50 470010 . 003000 . 1100 0 . uakef | . Bool Aah. c {1 -s2ps.2f) 7. 28 o0 B0l L a2
13 .00 £5.715 6. 5510 4810j0 .0140l0.5[2r{0.9943¢0] ) .A3Cl164.0]77 - T0(74 .27 |22 . 6F{28.2011.23
14 . 00 32.20 23.00 |9 .490d0.023d0. 842000 3910|1534l 213. 8142, 05[67 . n0l52. 00022 30} 2 ]
5. 00 35.80 27.69 |n_bood0.033d| . 2loof 0 .98518] | . 538)250.01F7. 5043 . 20§27 .49 cn. 0]} 55
16 .19 41,20 32.0010 511710 04471 63840 -9a%¢] | - Fapl 2017 B 1623078 p0f2] 3000001 .72
17°. 59 44 00 34,9010 522200 08420 [ -B500|0 . CAIE] ). 850|285, 0147, 00|76 0047 75| 27.75] 1,78 |
15 .10 47.00 57.80 |0 .53¢M0 . 06ua|2- 53009-9747| | . Bs0l31i . 2|71 . Fojza.00|45.90 35. 0001 . 2g
13 . 3> 47.00 %7.80 10.540¢0.072002-46150}0 .07532) | .562l414. 5172 .50}53 . 00f25.20122.50)1 .37
13 .20 9.4 28.00 1050040 .062043. 04040 .3644 | .567]321. 5174 . 00l51  Aof47 . Z8Y0% . fEY) oz
20 . |5 Foy 2 29.00 10 .562010 02543 . 4800 0.2652) | .BI51525 . B lT4 . D043 . pcltT.8600137. 200 w5
2. 07 .70 42.3010.574000 . 107¢13.82001 0 .8604 | . 5801227, 7175 . 35148 . 50{47. 4604 10}1 .9
20 .47 52.20 43.00 10 .683440 . H6ola-2hcl 0. 0n1sl | .5BBI228 . 0|15 .40]47-80|27.5015.3211. 04
21 .50 £2.00 12.80 |0 52140 1170} 4. 29000 .95} | -Bob)327.3175. £0]43.00127.80|:5.50}1. 92
22 1B 52,40 43.2010.5%000 123004 .£00/|0 arag | . Aa11327- 0176, 20|47 4ofaT7. 2R e AR 2@
2% .06 A2 AO 43 60 10.601cl0.134014 .Yorc{ 0 . 9803l | .58p|320.0{T74.00]27.20146.85125.4511.97
r3 .35 “2.560 £3.40 10 .610d40 .142d5.200110 . 904801 | 60Z|212-0 | . J0oj 47 . 40|14 G542 Iz 1. 2
EST APPROPRIATE DATA FROM'PAGE 1 . Back pressure, up = _95.20 psi .

¢y | After Tsotropic consolidation: Wt. ball + cap . 1 SOIL. MECHANICS LAEORATORY

Lo” Ly

L» 272 inch,

8
o @ Without isotropic consolidation:
fach, Ao- Al-

A=

.52 sqin.

—$q 10,

P.P index correct
Load = (Dial Div.

= (Pan Load

e
X LA s Or:
X

DEPARTMENT OF CIVIL ENCNEZRING
UNIVERSITY  OF  MANITOBA
FORT CARRY MANITOBA
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ANCILLARY _DATA FOR TRjAXIAL OR DIRECT SHEAR TESY PAGE L OF __ 1
prOJECT __MSc. THEST
JCB NOYy 'I‘AST HOLE NOy ool 0, £ DEPTH 618 FT.
DESCRIPTION OF SaMPLE .. GREY BROWN ¥ VARVF L LAY
METHOD OF PRIPARATICN___TRI NMT NG
oot o TED O COLIBATED UNDRAINED TRIAKIAL EXTENSION TEGT

CELL 1:0. H DIRECT SHEAR BOX NUu

CQLENTS

MACHLLE NC.

SPECIFIC GRAVITY CF

SCLIDS 21D (¥4 TEST, — [3 ASSWED

SAMPLE__DIMENSIONS SKETCH OF FAILURE
SMETER INCHES LENGTH | WIDTH
DIAMETER INCHES b'e Y e Y
TC2 = | .A0bB
14InDLE = | . 406 OR
BECTTUM = 3 ) -407
AVARAGE = | .406
HEIGIT =_2.902 mey =_1-37 cu
X-ARZA =_1.055 sy1i=10:90 sqcM
VOLUE = _+. 70 _cyIin=_13-20__cucyM 8
SATPLE MOIST WEIGITS
BZFORE PLACLNG AFTER REMOVING
CilL FRUM.CELL
TARE Mo, 5 > D | °
+ TLRE, G = - 219 17 . -
= arth Y ANGLE OF SHZAR PLANE = _ 42
G = [25 .68 121 .09 ’
GiT DURZ.G TiT, G4 = 4,60
MOISTUHE CONTENTS
INITIAL AFTER COMPLITICH OF TEST
AT . fAILURE , ANDIRE
TRIVMING | TRIMYING TOP PLANE BUTTGA SMPLE
TARZ NQ, AV - uUzs AR o4 D
'. CUIL+WATERTARE, G =] HQ.23 L5637 | g1 BT 40 .57 114 .97
SUIL + T4E=, G- =| €2-.6 a1 .11 5B 2y 143 .76 (123,49
. TZRE, &1 =] %704 R A ) A I 96. 08
WATER, @f = [k D0 12 - &5 CRY [6-35
_50IL, @ =1 . 31.22 15: 28 125.23 |11 - 61135 31
LT FUISTURE =| 53 60 45 . TR Fa. 10 bD - 00 4A9. 20
VEIGIT - VOLUYETRIC RILATIOISHIP
INITIAL CCLDITIONS AFTER ISLTROZIC CUiSCLIDATION
. OF SMCLE = 1% .80 [VOLU'L Ciiibz Fuud Buncili, CU G 1. A0
CF S LIDS, Gi = A1 .o fa ATER, G = 29 .59
CF SuliTs, CUCHM = “1a. G I&iT, [ = 0. /2
G WATaA, CU Cf ) CGaa LIDATIUH, O = 6 - Al
¢ Vulds, CU CH = 44 . o0 T cu;:.;vx.m;.'rm:l cyCcH = 69 - BO
 CF CATHLHATICH PR T N L B0 I = NR/Te!
.(vzuu,cu CM = 329. 50
= 1l . a: = 1 - 34
AL = 46. /Hho
= ot [ = 73 50
= 105. 00 = J09. 00
Tested by N_.A Dote 15 FER 75 SOttL MECHANICS LABORATORY
Calculated by M-A_ pate _IBFEBIS DEPO”‘mem .Of Civit Eng.meermg
University of Manitoba
Checked by N.A Date 1D EEBT3} ¢4,y Garry Monitoba




. . » =r3: =2 DA 17 FES 13
. TRIAKIAL TEST WITH PORE VATER PRESSURE MEASUREMENT - I S
10°D DIAL RE ’
O L] T o ey e s L I PO LR Wle laalo o
TIME pA:bLmn psi psi psi . inch inch 4y - ! sq 1n 15 psi o5t psi 6.3
50 o lima.on] 70 Jig.or| o lo.sond o |0 1i.noed 1 . rad o {r2.7s g2.75)1.00
4F 125.37] 7156 1.0~ 0.6010.727710.,002210.03F | n. .22y | .BAC -J7.9s5.771 -5 RN IR
1 1.4y 80 {12.37 2. 0rlo.992d0.00740 - 7R9f 0 8972} | .BF oA AR ~10 |37 7al0 - 55
- £ loa-rfl en |i7.20 %.9R[2.78000 010n 0 . S70dd £ - 3u5af | BIR T23.6067 #0l-i5 fFr Anjo 78
AE Iaf.=7) ao t1a. 5o 3.0710. 78600 . 010l o . Bied 0 eeael 1 s -31. 6170 acl-20 {70-a2{0-72
AF 23 .27 28 123.0m 12 0817 7790, 021010 .177:]0 -892:} 1 . BSH MGERSCE NUNS-LS Bl A S - R 2 65
o7 po.27f 1ce {25.7% 6. BOIN . 768D . 0320 -27.0173%-25) -30 |LA2.Z710-R2
“0 5.8l 1o 2220 19. 650 78640 . nLLr SRe 617510} =30 110 1017 53
o5 7117 110 wa.o00) 12,5710 75RO . 06IA] 7 E -62- b e 20 4270010 4
20 53,271 11D 136 80 26 R0 TR 08er 634, 4170 o) -43 f:R-2cj0 - 22
=7 26-77] 120 l4o0-2F 30000, Gasdn (32014 -6.51{78. 171 -5 2a.g8lo-
iF Fo.67) j2n 11724 37-00 9. &3¢0 1Toc =22.6 (7798 -on 22 7slc.z29
ol A aa.er) j27 {A3.50 13 25 JrATLEL ~f4 5152, 850) =57 |ib . Foin. 22
e D o TN D
e Lls___g_.pj_O_inch. . 1 .Al' 1.88 sq in. gtp ball + cap = 1b SCSIE!;“}:‘A:EE):AOY:}IS&L Lsﬁi?azﬁ\ISRY
b - QNS RE.: 20N P index correction = psi UNIVERSITY  OF  MANITO3A
oo Zm:hsuf 1so.ropic1:cc>:so]1dztio::- . Load = (Dial Div.) x ( )1b, or: FORT GARRY MANITOBA
LS . o” A1® e 59 in. = (Pan load) x (____ ).

-16-
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ANCILLARY _DATYA FOR_TRIAXIAL OR DIRECT SHEAR TE

ST PAGE 1 OF 2

PRCJICT __MHBC. THESIS

JCB N0, TEST HOLE Mo, ——J_ sp pLE -8 FT.
DESCRIPTION OF SAMPLE UNDISTURZED J 3] PS I LO'\[FINI NG PRESSURE

METHOD OF “W_PARATIGu_J R MM NP

T{2E OF TEST L ASTD merTWED EST

CZLL 5O, D DIR.C.CT SHLAR BOX NU, ~e—. MACHL.E NO, |

CaLay ’I‘S

SPECIFIC GRAVITY CF SCLIDS Z-1& (¥R TEST, — ASSWED

SéeLE  DIMENSIONS " | SKETCH OF FAILYRE
DLMETER INCHES X Y Lr..\GT:{ WIDTH
Licd Licq
TCP = | . 400
MINOLE = - 405 OR
BCTTUM = - 420
AVIRAGE = . 410
HETGHT = 50156 men =_7.64 cu
X-ARZA =1 - 052 gy 1 =_10.00 gqcm
2200
VCLBE = A 10 ey IN = _T7.72 cU CcM £
SKPLE MCIST WEIGITS
BZFORE PLACTNG AFTER REMOVING
.. C3lL FRCM.CELL
TARE NO. 3 D KD 5 o
WT. SAMSIE 4+ TARZ, G =} 228 . |6 226. O i N 52
WT, T3 - 95 .07 35,37 ANGLE OF .S{AAR PLANE = 2%
VT 07 SA = 132 19 120. 903
CiniGz O DURLG TEST, G4 = 2 .16
MOISTURE CONTENTS :
INITIAL AFTEIR COMPLETICH OF TEST
N T FAILURE ) ENDPIRE
TRIMMING | TRIVMING TOP PLANE BUTTCA SAPLE
TARE NO. U553 Us8 AB Uzt b
Wi SOIL+WATER#TARE, GY =] 55 . 5.1 47 .58 | 55 Y 177 . 65
WP, SCIL + 425, G4 =1l 44 55 G2 B2 Lo, +0.758 (43- 13
wT. TARE, &1 =l 29 .2F RN 1. S0 . Cch 35 .97
VT, WATER, G = %18 .Y o 5. Al 2d 57
wP, 50IL, @ =] 1660 g -5 16 B 03 2215
PERCINT MUISTURE = 52 .00 43 - 50 4.2 id4 - Fpn 4700
WEIGIT - VOLUYETRIC RELATICISHIP
INITIAL CCLOITICGNS AFTIR 13UTR021C GUASGLIDATION
S1SLE. = 171 .72 BuUneTlo, CU Ch = 1. 20
P 3CLIDS, G = 0650 =__d4. 5o
ZelIss, CU CH = b AL = o 11
2 WATZR, CU CH = L7 a5 CUaSULIDATICH, CH = ] . 563
* VGID3, CU CH = A5 .~ CUGLLIDATIVH, CUCH = 6. 00
* SATRURATION = 1900 DG . = Tl B8y IN = | - T6h
T Y 155, CU cH = 14, 5o
VOID RATIO = 146 = 1. &2
1T TUHE s 22 G = F)- 15
T : i = 19 o = J1- 00
UnIT wiIC.T NCLT, FCF = J07. 10 B € [n]- 20
Tested by - N A Date _Z7 Sept3) SOIL MECHANICS LABORATORY
Colculated by N A Date 14 O‘3+-_1~_3 B Depor"men' -of Civil Eng.meenng
n University of Manitoba
Checked by N-A Date _14_Qct 73 Foit Garry Manitoba




) TRIAXIAL TEST WITH DRAINAGE PERMITTED : JOB KO. = = MR TAZSIS e 2of 2
, * . SAMPLE NO. = : ~—
wre | que [ Eeseo | SHL foumerte | sy Ko e staarn foac |y R e [t M legl 6 | &
'TX”E pst ml ml ° inch inch L " Fy sq in | Pan Lo 1b psi st g;;
15 )
275eptqz 0 17 li15.30] o o lo.9ss0] o o lj.000li.565) 21 .50 o o lis.oN1.0
co 22" in 11588025 |-0.32¢00.9135]0.0822] | 220l 1.0201].595]| 36 50 7 doacfi2a 1.3
t Qet 712 £1h 1F 12.60}-0. 30 |~0.29712.393710.061212.06F]1.025]| .602|4 3.50 12 RE-7- BT
z_» 24" | 'r |15.87]-0.05 |-0.060}0.8787]0.0763 2. 570) 1. 030 |16 11 |47.50 16 | a.33l25.0001 .7
2 » 21| 'z lis.254r0.05 +0.06¢|0.0641|n.02005.050]1.031 |1.6); [ 50.50 4o | .pelag.del ) s
L » e v is.20f0. 10 Jro.122|n. 85270 (0 1l3.421 |1 0341 617|750 22 |1s.6:023. 5010 . 5
B n 24" | 2 V15 15h0.15 J+0.197l0.84160.1134]2. 820 1. 040 1. 626 56. 5C 25 1!5.32{52.42]1 2 o
B n 7z"1 1% |i5.30]0.00 0-00010.626210.1281]4.215]11.04511.633|53.50 23 pl7.14i32.010f 2.
9 » 24| 17 J1a.05)0. 25 |+0.461f0.8 8]0 jas2]a 810|048 |[. 64002 . 50 31 |i3-eoldt. 0ol o 3
o " 26" | 17 |14.80|v0. 50 |r0.65¢]0.9997)0. 15720 5. 290] 1. 050 1 642155 50 34 l20.108:8.72l 2 0 |
TR 212" 7 |14.70 ro.60 |+0-790]0.7530l0.1720] 5.790] 1. 055 | 1. 6486 |68 . 50 37 122.41|57-20] 2.5 |8
12 » 24 M = l14.601+0.70 [r0.92110.7622]0.1025| 5. 230]) . 060]1. 250 171 . B0 10 lza10]za.000 2.2 |
i3 » 24h 14.65110.65 [+0.2570. 74670, 2022|7. 0 101, 067 | 1. 665173, 5o 472 |z5.21020. 70| 2.
15 » 2" | 7 1465 4065 Jro.68al0. 13410 220 {7. 4 20| [ 08 4| 1. 65 ¢|74. 50 45 |75 3¢|%0.20] 2.7
—-—-—-—-—-:nfv PAG,E ], Sack pressure u, =__ 0O . pst. Wt. ball + cap= 0.0724 16} \
= —Z57_inch . e L2.0724 SOIL MECHANICS LABORATORY
Ay mLiB8Bsqan [Fy = (1 =AWV /(1 - BLN). Area = F, x A, L NveRaTY T OF T amirosaC
Vo =18:00 cu em Load, b= (Dia) Divisions) x ( ) " or  (Pan Load) x ( ) FORT GARRY  MaNITOBA
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ANCILLARY DATA FOR Y

-

RIAXIAL .OR DIRECT SHEAR TEST PAGE ) OF 2

PRCJiCT . Moec. THESIS

JGB NO.— . TEST HOLE Nu.

=13 F7T

—L_ prpmy
UNOIJTUREFD CRK—\?) p\f?OWN VAR’VF"L) CLAY

DZSCRIPTION OF SAMPLE

METHOD OF PRZPARATION TRIVE

1TNG

TYPE OF TEST__CUNSTANT MEAN NORTAT STRE:n J.{OI'T(+6'1\) - 100 PeT

CILL 0. — 2 .  DIRECT SHEAR
CQEENTS

BOX Ny oe—s MACHLLE NO, =

DS R TEST, —. [} ASSWMED

SPECIFIC GRAVITY OF SCLIDS __ 215

SAPLE DIMENSIONS

SKETCH OF FAILURE

DIMETER IITHES X Y LENGTH WIDTH
Licd TivcH
TC? = 400
MINNLE = < A00 OR
BCTTL = LAOL
AVIRLGE = [ . 40!
HEIGIT = 2815 noy =_ 7165 cn
X-ARZA =L 25405915 =__9 -1 sqcM
VCLUE =_A4 - 500 cy IN = '75 20 oy cm
SAPLE _MOIST WEIGITS
BZFORE PLACING AFTER REMOVING
CILL FRUM.CELL
TARE NU. D - D o o
Wi, SAMELE 4+ TARE . M = 222,87 kST 2 N -
e = Y RN ANGLE OF SIEAR PLANE = D5
T OF a: = 126 .92 125. 85
Coion OF wilGIT DIRTS TiST, Gf =
MOISTURE CONTENTS
INITIAL ATTIR COMPLETICH OF TEST
y— FAILURE i EANTIHE
TRIMMING | TRIMVING TOP PLARE BUTTGM SIMELE
TARZ MO, AT Az s AR D
ST, SUTLAWATIRATARE, G =l AL . AR 46. 31 719 .60 |42 14 [ J40. 3]
WP, SUIL + TARS, G4 =l 57 139 A2k 66 . fa4 123 .14 i27.3p%
WT. TARZ, G =152 .27 2% - Cx o .05 NIRRT 28,35
YT, WATIR, o9 =12 .24 £ - Cé6 12 . 5% s 50 12- 3
¥T, 50IL, @1 =134 . 357 19 - 17 55 . A} 116 5%2.053
PARCINT MVISTURE =i 55 - 00 +0 00 40. CO 4600 28 . 50

YEIGIT - VOLUMETRIC RELATIOWSHIP

INITIAL COLDITICNS

AFTER ISCTROZIC CONSGLIDATION

COF 3z SLE = 15 .30 = 1 40
[ 2 = L‘\I Ho = -57 - 62
[ = 76 .50 = Q . 45
[ = 4512 = 1 . 1o
(o5} = 472 50 i LCUCK = 671 . 90
c? o = v9. 00 528 = Y. hR 570N = 1 . 48
TCLLE CF_YCInG, CU CM = _3A&. 1o
=__1. 75 LD RAT0 = A
s ERCC sJUTIAL CUUTIT, g = 4600
BN R 1) - NH{, PCF = 16520
T, FoR s [05. 00 i MSTAE FGIST, PCF = 109. 60

Tested by N.A Date _l6 Jun.T4 | SOIL MECHANICS LABORATORY

Calculated by N A  pgie

Department of Civil Engineer ing
University of Manitoba
Manitoba

26 Jan.14

Checked by —N:A  pare 26TAN741 011 Garry




1 ! = MSc.THES51S
TRIAXIAL TEST WITH DR-AxNAGE PERMITTED 5 - ggipfcg-m. IR 2 of 2
: faesen | CELL TeurertE| Ay v wwor| sTRAIN | AL AREA | pea [oiursoons L |- | = =
DATE W he [PROSSRefreioms | W T ) o |- faLe e FACTOR or o 1G-G1 O, |
. ps ml ol inch L a sq in | pak LoAD b pst psi =
1b_° 7
16Tan73 0 too | 70.4] o o lo.5218f o0 o _li.oool 1.4580 23.00 0 o) loo | 1. n
i5 v 24" | 98 |70.4] © O [0.439940.0225{0.760|1.002| | .450| 57 .20 5.9V o J1oa | 1.,
17 » 24"} 9g 170.4] o O_10.478qn.0435| | . B6oli-018 |1.497167 .00 1501 12 108 11
[» v 1 24"] 94 |70.4] o ‘0 _|0.4730l0.0485} 1 - 730|1.016 | I . 54076 .70 1.7l s Lz tr.»
8 » ' 24h | 21 |70.4] 0 0 10.464R0.0570]2.040{1.020|1.550| 36.00 37.-1 1 24 He 1t .3
2o » 24| 85 |70.1 |0.30n.4a22|9.20945. 11212 020]1. 036 1. 635115 .00 701 | 45 {13000, F
21 24" | 30 |48.91 1 5012 210l0-283c|0.2636{9.600]1- 070 1 - 885l 1a1.20] - |22.2 50 1ol .3
73 | s8] 12 1636 |1.80]2.650]|0 |8ed|0.3255]2.000)1. 1051 .637]14+9.00 00.0| 65 a2 1.5
25 ot | 718 FAILED) 157.0¢ (os.01 65 (44
. ]
S
[}
ﬂ%:f—]—q Back pressure u, = O psi. Wt, ball + cap= 0.07Z 1|
R nrra YT SR | sqp eciACs LASOsToRY
A s L4595q 1n Fam T elvv) /(1 - AL/l'o)‘ Area = F, x A : UNIVERSITY  OF  MANITOSA
Vo =£1:900cy cm Load, 1b= (Dial Divisions) x ( ) " or {Pantload) x {___.__) FORT GARRY MANITOBA




- 102 -

APPENDIX E

RESULTS AND TYPICAL DATA OF DIRECT SHEAR TEST



- 103 -

FIGURE E-1 - DIRECT SHEAR MACHINE




- 104 -

-

ANCILLARY DATA FOR TRJAXIAL OR DIRECT SHEAR TESTY PAGE 1 OF
PRCJECT _MSc. THESIS
708 NO. TEST HOLE MU, __._l___ SAYPLE N0, ——— DEPTH 20=-28 FT,
DESCRIPTION OF SAMPLE UNDRLS ED _GREY ™ CLAY
ETHOD OF PRIPARATION TRIMMING
TYPE OF TEST DIRECT GHEAR LST
CZLL 0. —— . DIRECT SHEAR BO) Mo, —21 . MACHDLE NO L
caraTs___A_LOT OF SHWAL GRAVELS RIAFETER 3 -5 MAH.

SPECTIFIC GRAVITY CF scLIDS _ Z.TTA __ [JFRCA TEST, ... X} ASSUMED

S&PLE  DIMENSIONS SKEICH OF FAILURE
DIAMETER 3 LENGTH | WIDTH
L TNCHES X Y T L
TOP =
MINDLE = OR
BCTTWU =
AVZRAGE = Z.35 2.35
HEIGIT = __MS_Q_ UCH = oM
X-ARZA =_5.520 59 1= sSq CM ]
VOLUE = CU_IN = cU cM g
S&PLE NOIST WEIGITS
BZFORE PLACTNG AFTER REMOVING
CilL FRCM.CELL
Gt = 2 T3, el Z60 . 53 . -
= {76 50 10672 ANGLE OF SHEAR PLANE =
SKME - = 1771 . 21 1651, &1
CHAALGL UF n.ICEux DURLG TZ5T, G4 = j9.50
MOISTURE CONTENTS
IHITIAL ATTIR COMPLETICN OF TEST
- o FAILURE e ENTIRE
TRIMMING | TRIMVING TOP PLANE BUTTGM SAVPLE
TARZ NO. AD Ul3 Uié [VELeX)
Wi, SCIL+WATER+TARE, GF =] 1071.44 18 .06 {ixp - 00 |12 .17
¥Wi. SCIL + TARE, G4 = Dl 62 I -2t 160 - 22 154 .74
wT. TARE, GI = 31.58 22 - 12n 035 27 60
VT, WATER, Gf = 185.52 I B U W Y 0 - I
T, 50IL, G =l 56.0> 20 . b A2 23 15 .92
FERCANT LG ISTURE = 35. &0 20 .00 I35 80O 75 . Ab
¥EIGIT -~ VOLU/ETRIC RELATICISHIP
INITIAL CCLDITIONS AFPAR ISVTROZIC CUWSGLIDATION
SpITLE = \m,u L CliAion Fuud HUieTis, GU G =
SLLITS, G+ = : =
SULIT3, CUCH = =
VATZR, CU CM = & ’I‘ I L CH =
3 .'L,r,, Cu cH = AR COLLL mnrm: cycH =
¥ SATHURATIGH = 500 = R
P YLIN3, CU CM =
= L ID_RATIC =
= G, GUITILT, =
= Vil ot ; > =
= LT wLIsh? TUIJ'X‘ PCK ©
Tested by A Date 210ct. 73 | SOIL MECHANICS LABORATORY
Calculated by _N A Date _l Feb 13 Deportrnen' 'of Civil Eng‘meelmg
b University of Manitoba
Checked by N-A Date | Feb 73 Fost Garry Manitoba
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SOIL MECHANICS LABORATORY DIRECT SHEAR TEST
DEPARTMENT QF CIVIL ENGINEERING Project,,,,, MSc. TH=61S .
UNIVERSITY CF MANITOBA Teast for CANADA CZb=yT | AFARAGZ OI)
FORT GARRY MANITOBA Address _ VUINNIPEG  CANADA {IANK
Semple no. Test Hole no, | DEpth 16 -23 FT.
Semple Degsexiption __ UNDISTURBTZD CREY CLAY
Commenta : -
Load on Strain Total Xpectional Unit Vert~ Net Unit
Shear pan | Disl Shearing Krea of semple [lcel Stresd Sheering |Sheering Stress
(1bs,) (ins,) Btrain(ins)| (sq. ins,) (DeBefe) [Load (1bs.)] (pesete)
390 0.5000 2.000 5.652 62 Q o)
0.4500 0.020 25 . 5 4 . b7
E D. 500 0.040 t0 . 2 10_- .20
0-4400 0.05620 20. 3 16 . 35
0.4700 0.080 - 2. 0 20 . 30
n.400n| 0. 100 31 2 23 . 80
0.3400 0120 ° i36.0 24 . 65
; 0.56020 | 0 {40 133 2 25 . 20
| 0.5400| 0. 6o, 140. 0 28 . 40
! 0.3200 0. 180 [42.0 25 .70
} 9.5000 ] 0 .200 : {45 .5 26 . 00
0. 2p00) 0.220 144 B 976 - 20
3 0. 26001 0 . 240 44 -8 16 . 20
n. 2100 0 -260 [45. 2 L6 30
0. 222 2. 2240 [26:0 26 - 45
‘; 0.h0no | 0. 249 0 0
i n.4p00 | 0. 500 20.5 3 .30
| p.-26e0] 0. 320 47.3 6 .57
0. L4001 0. 340 HG . 0 21 .00
0-Lr00| 0. 360 124 2 MY
n.20n0l 0,370 127. 2 23 .00
focapp s Lo 2o n 23 . 6o
0 %600 | 0. 420 [3{. 0 2% .70
0.2400 | 0.445 122 .5 24 . bo
6.3220 | 0. L50 154. 0 24 .30
n.hrop n.400 135. 0 24 .45
0.2800 | n. 520 126.0 24 . 565
. 0.:p3p | 0.517 127. 0 f4 B0
0. 2400 1 0.F40 137.0 24 .50
n.27¢ 2. ALO 127 -1 L5 . no
0. A0c0 | N-AED Q o
G400 { 0. hHl 4.3 ° 0 -1
O, 28R | D 6L 765 13 .85
N.A1E0 | 0 6LR i17.0 21 - 20
0.%4c0 | 6-4hAC [22.0 22 .10
D.4sH5kn | 0. 704 1740 27 .45
l Tostod by _ N . A Date. 2! Nct 73 _ Calculated by N.A Date | Fen 73
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SOIL MECHANICS LABORATCRY DIRECT SURAR TEST
DEPARTMENT OF CIVIL ENGINEERING Projoot,,,,, !13c. THZSTIS
UNIVERSITY OF MANITODA Tast for LANADA CZimit)T LAFARGE OTL
FORT GARRY MANITOBA Addrega W UM FL G LA A DA i TAK
Semple no, Test Hole no._ | DEpth 26 - 28 ET.
Semple Degcription _UMDISTURTD GRINY CLAY
Commentsa
Load on Strain Total Xsectional Unit Vert~ Net Unit
Shear pan | Diel Shearing WUrea of semple lical Stress Shearing |Sheering Stress
(1bs.) (ins.) Btrain(ina)| (sq. ins,) (peBeds) food (1bse)| (peBeis)
2490 5.3300) 2. 720 ALRZ 63 V24 | R f2 . 55
0.2825] 0. 768 (23 . 0 =3 . 00
0- 26001 0.3800 [¢6 . O 23 . 20
0. 2250 0035 131 . 9 3 . 70
0.50001 2 .%536 0 0]
0-£750}1 0. 260 Z .5 0 . 45
0.44560) 0. ppo 51 .0 {1 . 05
0.4200]10-315 _107-0 16 . RO
D . 40001 0 .235 {12.0 20 . 30
5-3750] 0.360 {170 2] . 20
S .3%3401 | .00} e .o 21 . 40
228601 |- 049 121.0° 21 - 30
7.2680] 1. 070 125.0 42 . 30
N -2400) 1. 035 1250 22 . 65
0.F7000) I,. 035 0 o)
D480 1. 121 13- 0 [4 . 30
n.al6a] |- 143 049 15 . 35
ool L. 178 lig .0 fg . 30
n.27201 |.225% 113 . 2 29 . b0
n.3%520 | . 25% 1i5 . 0 20 . 80
0 .2009 - 2258 e . p 21 . 65
0. 2730 1. 315 [22.0 22,10
n.24201 1. %583 ‘25,0 22 .65
n. 21701 1-373 IZF . 5 22 .15
0..6069] 1375 o) o
Y. AR 415 51 .0 5.6
D.-L2An )l 1. 445 a2 17 . A3
n-40b2) |- AT72 1.0 21 - 20
0-%R%0 | |- 445 Ito . 1 21 . 50
0.56201 1.514 70 .0 21 .75
.27 1. Adr izz2 .5 2z . Jo
02160} 1. 662 50" B
- 53000 . Eb2 0 5]
G- L7750 . Frl RN ! .2
0-..280 1 64 S2 .0 16 . 710
O, 221241534 Iy o 29 . L
l Tested by _!i. A Date 2! (Jct 72 Colculated by _I A Date ' For 713
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SOIL MECHANICS LABORATORY DIRECT SHEAR TEST
DEPARIMENT OF CIVIL ENGINEERING Projeot, 4, 155 TUESIS
UNIVERSITY OF MANITOBA Test for CANLDA w1 LAFAR 2 OIL T/HK
FORT GARRY MANITOBA Address 1 NIIREG  CAHADA
Semple no, Tost Hole no, ! DEpth___26-28 FT.
Semple Descxiption _ UNDISTURBED  GREY CLAY
Commenta. : .
losd on Strain Total Xsectional Unit Vert« DNet Unit
Shear pan | Dial Shearing prea of semple [lcal Stresd Shesring |Sheering Stress
(1vs.) (ins,) BStrain(ins)] (sq. ins,) (pDegede) [Load (1ba.)] (pessis)
%00 T 4025 | 600 §.bh2 i 2 6.0 21 _go
2.33%1¢0 | - 660 116.0 21 . 40
0 .3440 |.718 {19 - % 21 . b5
n.31601 1.746 120. 2 21 . o
0. LAAn f- 774 : [22.0 22 .00
G . 26F0 L.794 124 .0 27,45
n.2%25 | -»n23 ]27.0 23 .00
0.22s0) | . D54 123.0 23 . 20
‘0 . Anpgl . 4234 o o
0. ARl ).-HE4 5.1 0 .93
Q . A5%FL] ). 599 : b3 . & 12 . 60
0-41501 1.9143 iz .7 20 .40
0-3650 I .366 /17 -0 2] .20
! G-52301 7.006 IERN 21 . 45
; 0-3032] 2.024 121 -0 TREL
O-25:5] 2.07% 174 P 22 .50
5 -ro5n ) 2.n72 0 o
0. A779) I .6aF [ .7 0 -31
0. 4550 2.152 14 .4 2 64
0. L1F 2187 ) 13 .30
6.50r20 2. 1p2 1110 29, 11
O .30 242972 1120 20 - 30
O-2400) 2. 158 4.2 9 .70
r.3isagl 22564 1HH .0 L) 60
0.283n | 2 .54 1%-0 21 .40
C-2b501 %7 .313 i.n. 0 21 -5
0.Lirnl 2. 327 ° 22-9 72 . lo
0.21710% 7. 3£k |25.0 2. bk
n-hognl o« - ARA 0 o
0.-2poc| £ - 375 5. | 0. 92
0":‘("‘.:7" :_'2;;7 ";7 605
0 -Azoni . ALR [06.0 ° 19 .20
-0-4009] 2-4h5 ind Q0 b3 . 30
l Teated by _N.A Date 2! Oct 73 Celeulated by __ N A Date | Feb 13
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