THE UNIVERSITY OF MANITOBA

RATE EFFECTS AND LOW STRESS STRENGTH OF WINNIPEG CLAY

by
VINCENT CHUN-SANG AU

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

DEPARTMENT OF CIVIL ENGINEERING ai

WINNIPEG, MANITOBA
JUNE, 1982



RATE EFFECTS AND LOW STRESS STRENGTH OF WINNIPEG CLAY
BY

VINCENT CHUN-SANG AU

A thesis submitted to the Faculty of Graduate Studies of
the University of Manitoba in partial fulfillment of the requirements _;-f:j;l:i
of the degree of

MASTER OF SCIENCE

© 1982

Permission has been granted to the LIBRARY OF THE UNIVER-
SITY OF MANITOBA to lend or sell copies of this thesis, to

the NATIONAL LIBRARY OF CANADA to microfilm this
thesis and to lend or sell copies of the film, and UNIVERSITY
MICROFILMS to publish an abstract of this thesis.

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or other-

wise reproduced without the author’s written permission.



ABSTRACT

The two principal purposes in this thesis are:

1. to investigate the influence of test duration
and strain rate on the stress-strain behaviour
of Lake Agassiz clay from Winnipeg.

2. to examine the strength of Winnipeg clay at
low stress levels.

The study also investigated the Undrained Strength
of the clay at Large Strains (USALS) and its relationship
with the normally consolidated Coulomb-Mohr envelope.

Six drained stress-controlled triaxial tests on
undisturbed samples were used to study the time-dependent
aspects of the YLIGHT model of soil behaviour. Six non-
standard and four strain-rate controlled oedometer tests were
performed to examine the effects of time and strain rate on
the preconsolidation pressure, pé. The samples were taken
from 11.6 m depth, and the sample diameter was 76 mm.

The preconsolidation pressure pé decreased from
249 to 225 kPa as the duration of the load application in-
creased f;om 0.1 to 100 days. This supports previous find-
ings by Bjerrum (1967), Tavenas and Leroueil (1977). Strain
controlled oedometer tests also show that the preconsolidation
pressure is strain rate dependent.

Five 76 mm diameter undisturbed triaxial samples
taken from 11.6 m, six 'fully-softened' and five 'freeze-thaw'

triaxial samples taken from 8.7 m were tested to study the low



stress strengths of Winnipeg clay. Data was obtained on both
drained and undrained triaxial behaviour. The low stress
strengths were the highest for undisturbed samples, followed
by the 'fully-softened' and 'freeze-thaw' samples. These low
stress strength envelopes were considerably curved and paral-
lel to each other.

The Undrained Strength at Large Strains (USALS)
obtained for all the undrained tests lay close to the nor-
mally consolidated Coulomb-Mohr envelope (¢' = 17.50; c' =4

kPa).
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CHAPTER 1

INTRODUCTION

1.1 INFLUENCE OF TIME EFFECTS ON THE STRESS-STRAIN BEHAVIOUR

OF SOIL

Before 1960 it was considered that time effects such
as straining rate or test duration influenced stress-strain be-
haviour of soil in a relatively minor way, and could be included
with other effects whose magnitude, could not be determined, but
which produce compensating errors (Bishop and Henkel, 1957).
Since Bjerrum (1967) introduced the "delayed compression' con-
cept, more attention had been paid to time dependent and strain
rate dependent properties of carefully sampled matural clay
(Crooks and Graham, 1976). The 'delayed compression' concept
suggested that normally consolidated clay subjected to a con-
stant overburden stress after a long period could be referred
to as "aged normally consolidated clay' having a value of pre-
consolidation pressure pé greater than pé due to delayed com-
pression. Delayed compression acts to reduce the void ratio and
develop amore stable arrangement of soil particles. This leads
to greater strength and reduced compressibility. Avresult of this
delayed compression is the development of a reserve resistance
against further consolidation. Since more load can be carried
in addition to the overburden stress without significant volume
change, the preconsolidation pressure pé appears to increase
with time. By monitoring the settlements of five buildings

in the Drammen area, Bjerrum (1967) further observed



that the effect of the reserve resistance of the plastic
clay on the settlement was most pronounced during the in-
itial period after qompletion of the buildings. The effect
of reserve resistance disappeared with long time increments.

Crooks and Graham (1976), working with the post-
glacial organic silty clays of the Belfast area, showed that
rate effects were also significant in the stress-strain be-
haviour of less sensitive, plastic clays. They reported
that the undrained strength of samples increased by between
7 and 17 per cent for tenfold increases in strain rate.

Based on tests on sensitive clays from Eastern
Canada, Crawford (1965), Conlon (1967) and Jarrett (1967)
demonstrated that the time dependency of both undrained
shear strength (su) and preconsolidation pressure (pé) was
significant. Recently tests on the compressibility and
strength of Canadian natural clays, especially their creep
behaviour under constant effective stress (Campanella and
Vaid, 1974; Vaid et al., 1979; Tavenas et al., 1978) also
indicated the pronounced influence of time and rate effects
on the compressibility and strength of natural clays.

To provide more rational framework for understand-
ing the stress-strain behaviour of natural lightly overcon-
solidated clay, Mitchell (1970), Crooks and Graham (1976),
and Tavenas and Leroueil (1977) developed qualitative be-
havioural models based on consideration of yielding of these
materials. A generally accepted definition for the yield

envelope of a natural clay is a locus joining a set of yield



points in the (p', q)* stress space, inside which strains,
strain rates and porewater pressure generation were much
higher. The locus depends on the stress history of the clay
as expressed by its preconsolidation pressure pé, or voids
ratio e. The practical significance of the limit-state
concept in understanding the behaviour of clay and in the
design of structures on clay foundations had been shown by
Tavenas and Leroueil (1977); Tavenas et al. (1978 and 1979);
and Tavenas (1979). Although yield envelopes for various
clays had been found (Mitchell, 1970; Crooks and Graham,
1976), a general understanding of the nature of the yield
envelope for a clay and the factors affecting it was not
clear until the development of the YLIGHT model by Tavenas
and Leroueil (1977). A description of the YLIGHT model has
been given by Noonan (1980), and summarized by Lew (1981).

A particular feature of fhe YLIGHT model was that
the magnitude of the preconsolidation pressure governed the
position of the yield envelope in the (p', q) stress space
(Tavenas and Leroueil, 1977). This was also shown by Graham
(1974). Crawford (1964) and Bjerrum (1967) both demonstrated
that the apparent preconsolidation pressure of a clay deter-
mined by oedometer tests was reduced if the rate of loading
was reduced, or if the duration of loading was increased.
Tavenas and Leroueil (1977), using oedometer tests and tri-

axial tests, confirmed the effect of rate, or duration of

*
Symbols are defined in LIST OF SYMBOLS on page vii



loading, on the preconsolidation pressure and yield envelope.
As special cases of more general behaviour, they showed that
the preconsolidation pressure of a clay was reduced if the
duration of loading was increased. Similarly, undrained tri-
axial tests at different strain rates indicated a reduction
in strength as the strain rate decreased. More importantly,
the displacement of the yield envelope indicated a homothetic
movement inwards with time. On this basis Tavenas and
Leroueil (1977) concluded that the known effects of aging
and strain rate on pé applied to the entire yield envelope.
The applicability of the limit-state or yield
concept has been part of a larger investigation by the geo-
technical group at the University of Manitoba into the geo-
technical properties of the glacial Lake Agassiz clay which
underlies the Winnipeg area. This work was initiated by
Dr. J. Graham in 1976 at the University of Manitoba. The
testing program consisted of 76 mm diameter samples, trimmed
using equipment specially designed to minimize disturbance,
and tested in large diameter, rotating-bush triaxial cells.
Samples were taken from 6 m to 12 m depth at the University
of Manitoba campus using the block sampler devised by
Domaschuk (1977). Preliminary information was presented by
Baracos et al. (1980), Noonan (1980) and Lew (1981). Yield
envelopes were found from intact overconsolidated clay
samples taken from various depths. A summary of the existing
information is presented in Figure 1.1.

It should be noted that the yield envelope defined



by Lew (1981) was based on two sets of samples taken from
different boreholes at different times. Samples T303 to

T313 were taken from borehole 4 (Figure 1.1) in July, 1980;
samples T315 to T319 were taken from borehole 5 (Figure 1.1)
in January, 1981. Lew (1981) sﬁggested that the pé values
for the two sets of sample were the same and an average

value of pé = 218 kPa was used for normalizing test results,
However, in studies on the elastic and limit-state proper-
ties, Dr. J. Graham (1982) has shown that the shear and bulk
moduli of the two sets of samples were different (Graham and
Houlsby, 1982; Graham et al., 1982b). Samples T315 to T319
appeared to be stiffer than samples T302 to T314. He
therefore modified .the yield envelope proposed by Lew
(1981) by using different values of pé for the two sets of
samples. Values'ofpé equdl to 191 kPa and 241 kPa were used
for samples T302 to T314 and T315 to T319 respectively. This
modified normalized yield envelope was transformed back to
the (p', q) stress space in Figure 1.2 by using pé equal

241 kPa. The modified yield envelope in this figure there-
fore corresponds to pé equal 241 kPa. The modified yield
envelope and the modified normalized yield envelope are shown
in Figure 1.2 and Figure 1.3 respectively.

Lew (1981) began the study of time effects on the
yield envelope for clays taken from 11.5 m. He concluded
that the yield envelope was displaced towards reduced pre-
consolidation pressures and shear strengths as the load

duration increased. However, this conclusion was based on a



limited number of tests and the time and rate effects on the
preconsolidation pressure pé had not been examined in previous
work. One major purpose of the present study is to continue
the study of time effects on the yield envelope initiated by
Lew (1981), and especially the effects of time and straining

rate on the preconsolidation pressure pé.

1.2 LOW STRESS STRENGTHS

The properties of the lacustrine clays underlying
Winnipeg continue to cause problems for geotechnical engineers.
Natural riverbank slopes are often marginally stable at slopes
as flat as 8:1; compactedclay fills will occasionally fail
in shallow planar slides at moderate inclinations; and ex-
cavation stability is lower than implied by measured uncon-
fined compression strengths. In an investigation of the
yielding and rupture of Winnipeg clay, Baracos et al. (1980)
proposed a 3-section strength envelope for the full depth of
the blue clay (Figure 1.4):

Section 1 (low pressure 0lc < 60 kPa)

1
6 kPa; o' = 31.7°

CV

[\

Section (intermediate pressure 60 kPa < ¢! _ < 200 kPa)

1c
33 kPa; o' = 13.0°

C'

(9]

Section (high pressure ¢! > 200 kPa)

1c

3 kPa; o' = 22.5°

C'
They postulated that the strength of the soil at
low effective stresses was largely controlled by a highly

fissured and nuggety clay structure which was easily observed




in shallow excavations. Mitchell (1970) identified similar
behaviour in Leda (Champlain Sea) clay, and concluded that
failure would be accompanied by strong dilation of a nodular
or prismatic granular structure behaving as an essentially
cohesionless material. Crawford (1964), using samples from
the Greater Winnipeg Floodway Test Pit, reported a substan-
tial reduction in strength when the soil was allowed to swell.
After the investigation of landslide problems in Winnipeg,
Baracos and Graham (1980) stated:

"At low effective stresses, Winnipeg clays behave

as cohesionless, softened materials, a fact thét

must be adequately considered for low effective

stress zone, such as the submerged toe of a

riverbank, or to shallow depth beneath the faces

of all slopes, (excavated or embankments) subject
to snow-melt, rainfall, etc."

They further suggested that low-stress strengths
were applicable for first-time shallow slides such as those
induced by erosion at the toe of rivefbanks, or shallow
planar slides paralleling the face of a slope. It was
necessary to use the concept of "fully-softened strength",
with conservatively assumed zero cohesion. Further attention
will be paid in a later section to the strength of Winnipeg
clay at low stresses.

The climate in Winnipeg is '"continental', with
temperatures varying over wide extremes through the year.

The average daily temperature curve is at its lowest (—ZOOC)



during the period January 17 to 27 and its highest (220C)
from July 19 to 27 (Environment Canada, 1980). Therefore
Winnipeg clay at low effective stress zones near the ground
surface are susceptible to alternating cycles of freeze and
thaw. Nuggets and fissures are frequently formed due to the
effects of freezing and thawing. The accompanying destruc-
tion of the intact clay structure may lead to a reduction

in strength. This effect will also be examined in a later
section.

By studying the behaviour of a test embankment
founded on a well-instrumented foundation of soft Champlain
clay at Saint-Alban, LaRochelle et al. (1974) showed that
the strength mobilized at failure under the test fill was
approximately equal to the "undrained residual strength", a
term hitherto used to designate the undrained strength at
large strains (USALS), from undrained (CIU) or unconsolidated,
undrained (UU) tests at strains of about 15 per cent. Lefebvre
(1981) successfully demonstrated that the use of 'post peak'
or large strain strengths allowed a reasonable estimate of
the stability of natural or man-made slopes in Champlain Sea
clays.

By studying case histories of failure of water-
retaining structures on highly plastic clay, Rivard and Lu
(1978) concluded that the intact strength of the clay did not
reliably predict the stability condition. A study of the
foundation conditions revealed the presence of structural

discontinuities such as nugget and blocky structures, joints,



fissures and slickensides. These structural discontinuities
were probably caused by weathering. They further suggested
that embankments on soft highly plastic clay soils with
structural discontinuities should be designed using the nor-
mally consolidated strength, as suggested by Skempton and
Hutchinson (1969) for stiff fissured clays.

With these points in mind therefore, the second
major purpose of the present study was to investigate the
low stress strengths of Winnipeg clay under several sets of
controlled conditions. The changes in strength from the
natural "undisturbed" strengths studied by Baracos et al.,
1980; Noonan, 1980 and Lew, 1981 were investigated when the
soil was a) allowed to sweil freely, and b) was subjected
to a series of 'freeze-thaw' cycles. Undrained strengths
at large strains (USALS) (LaRochelle, 1974) and their re-
lationship with the normally consolidated strength (Rivard

and Lu, 1978) were also examined.

1.3 OUTLINE OF THESIS

The previous section (1.1) showed that although
preliminary work on the time-dependent aspects of the YLIGHT
model on yielding was studied by Lew (1981), only a limited
number of tests were performed. Time and rate effects on
the preconsolidation pressure pé measured by oedometer, were
not examined. The low stress strength envelope shown by
Baracos et al. (1980) was based on limited data and further

examination of this envelope was required.
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As mentioned previously, the two major topics for

investigation in the present study were:

1. Examination of test duration and strain rate
effects on the yield envelope for Lake Agassiz
(Winnipeg) clay.

2. Investigation of low stress strengths including
'fully-softened' strengths and 'freeze-thaw'
strengths for Winnipeg clay. ..

More specifically the aims of this thesis were:

1. To examine the time-dependent aspects of the

- YLIGHT model for yielding of clays as they
applied to Winnipeg clay.

2. To examine the effect of time and strain rate
on the preconsolidation pressure, pé.

3. To investigate the low stress strengths of
Winnipeg clay, and to study the effects of

swelling and freeze-thaw degradation on them.

4. To examine the undrained strength at large

strains in Winnipeg clay using the USALS method
described by LaRochelle et al. (1974), and by
implication by Rivard and Lu (1978).
5. To study the effects of changes of strain rate
on undrained shear strength.
Large diameter (76 mm) samples were used for all
the triaxial tests and oedometer tests performed in the pre-
sent study. Samples used for the study of time effects and

undisturbed low stress strengths were taken from 11.6 m.
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'"Fully-softened' and 'freeze-thaw' samples were taken from
8.7 m, preparation of these samples will be described in
Chapter 2. Six drained stress-controlled tests with two
samples running on the same stress path but with different
load durations (1 day and 5 days) for each load increment
were used to examine the time effects on the yield envelope.
Six non-standard oedometer tests similar to those performed
by Tavenas et al. (1977) were used to examine the time

effects on the preconsolidation pressure pé. Four strain-

controlled oedometer tests (Sallfors, 1975; Bell, 1977) were
employed to investigate rate effects on pé. The undisturbed
low stress strengths were examined using three undrained
strain-controlled and two drained stress-controlled triaxial
tests. Three drained stress-controlled and three undrained
strain-controlled triaxial tests were performed on the 'fully-
softened' samples to examine the effect of swelling on the

low stress strengths. Finally, three undrained strain-

controlled and two drained stress-controlled triaxial tests

were applied to the 'freeze-thaw' samples to study the effect

of freeze-thaw degradation on the low stress strengths. The
laboratory testing program will be described in detail in
Chapters 3 and 4.

Samples which were not stressed to rupture during
the drained portion of the triaxial test were tested to
failure in undrained shear. The undrained part of the test
allowed examination of the following characteristics of clay

behaviour: the influence of consolidation history on pore-
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water pressure generation and elastic moduli; the effects
of changes of strain rate on the undrained shear strength;
the normally consolidated strength for samples consolidated
to stresses well past pé; the low stress strength envelope
and the undrained strength at large strains (USALS).

The thesis begins with a review of the general
properties of the lacustrine clays and test procedures
(Chapter 2). It continues with the results for time and

rate effects (Chapter 3) and low stress strengths (Chapter

4). Discussion of results are presented in Chapter 5.
Finally, conclusions and suggestions for further research

are presented in Chapter 6.
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CHAPTER 2

DESCRIPTION OF GENERAL SOIL PROFILE

AND TEST PROCEDURES

2.1 INTRODUCTION

Winnipeg clay was deposited by glacial Lake Agassiz
as the last ice-sheet retreated northwards. The samples of
Winnipeg clay used in the present study were taken from 8.7 m
and 11.6 m depths in borehole 6 at the University of Manitoba
campus. The location of borehole 6 is shown on Figure 2.1
and is on the site of the new Physical Education Building
which is currently under construction. The borehole was
drilled on April, 1981 using a 760 mm diameter power auger.
The block sampler devised by Domaschuk (1977) was used to
ensure that high quality samples were attained. This chapter
provides a brief description of the general properties of the
Lake Agassiz lacustrine clays and the testing procedures used

in the project.

2.2 SOIL PROFILE AND PROPERTIES

The general soil profile for clay samples taken

from the University of Manitoba campus has been described in

detail by Baracos et al. (1980), Noonan (1980) and Lew (1981).

Samples used in the present study were taken from 8.7 m and
11.6 m depth in the blue-clay layer identified by Baracos

et al. (1980). The clay is medium - to highly - plastic
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(CH), and has medium-stiff to stiff consistency. Fissures
are not normally visible in the blue clay but it contains
numerous pockets of grey silt, pebbles and occasional cob-
bles. Some localized brown stainings were found in samples
taken at 8.7 m for the present study.

Basic soil properties of the clay samples are pre-
sented in Tables 2.1 and 2.2 and are in general agreemeﬁt
with results from Noonan (1980) and Lew (1981). Test pro-
cedures for the basic soil properties were described by Lew
(1981) and will not be described here. Additional informa-
tion on the soil profile obtained from the present study
have been added to the average borehole log presented by
Lew (1981). This revised borehole log is shown as Figure

1.3 in this thesis.

2.3 SAMPLE PREPARATION

Except for a new series of constant-rate-of-strain
oedometer tests, the preparation of samples for consolidated-
drained and undrained triaxial tests, and stress-controlled
oedometer tests were described in detail by Noonan (1980)
and Lew (1981). Only a brief outline of the procedures will
be given here. To minimize disturbance during trimming,
samples were trimmed using equipment which has been designed
and constructed at the University of Manitoba (see Lew 1981,
Figure 3.3). The equipment is similar in principle to equip-
ment described by Landva (1964). The trimming and bﬁilding—

in procedures for triaxial samples can be briefly outlined
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as follows: The cell pedestal was deaired by flushing water
through the pedestal by means of burettes attached to the
pedestal drainage leads. The base plate was placed on the
cell base and was adjusted until the cutting cylinder was
accurately centered over the pedestal base. The trimming
table was then attached to the base plate. The trimming
equipment was lubricated with silicone o0il to reduce friction.
A roughly trimmed sample was then placed centrally on the
trimming table; a greased cutting cylinder with a sharp
leading edge was pushed carefully into the soil to a depth
of slightly less than the full length of the cutting edge.
The excess clay outside the cutting edge was then removed
using a piece of cutting wire. This process was repeated
until soil protruded from the top of the cylinder. The cut-
ting cylinder was removed from the uprights and placed on a
glass plate. The ends of the sample were then trimmed across
the top and bottom of the cutting cylinder. A saturated
deaired filter stone in a holder was attached to one end of
the sample. The sample was then lowered on to the cell
pedestal, the top cap was located firmly by a central rod,
and the cutting cylinder was removed. The height and the
diameter of the sample were measured. A thin coat of sili-
cone stopcock grease was applied to the side of the pedestal
and the top cap. Lateral drains were provided by applying
saturated filter strips, approximately 1 cm wide, longitudi-
nally around the circumference of the sample. Two membranes,

separated by a layer of silicone oil, were placed over the
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sample, together with two O-rings on the top cap and three
O-rings on the pedestal. The cell top was then fitted very
carefully on to the cell base and screwed down. The loading
piston was lowered until contact was made with the sample.
The piston was then locked in place. The cell was filled
with deaired distilled water and a 2 cm layer of engine oil
added through the top of the cell to reduce leakage of cell
water and friction between the piston and bushing. Air
trapped in the pedestal and drainage leads were then removed
by passing water between two burettes attached to the pedes-
tal drainage leads. The pressure tranducers were re-zeroed
to correspond with the water level at mid-height of sample.
Finally, the rotating bush drive coupling was attached, the
vertical dial gauge was put in place and zeroed; and the ball
bearing and loading hanger were placed in position on top of
the loading piston.

Oedometer samples were prepared using similar trim-
ming equipment to the triaxial samples, but with some minor
modification. The building-in procedure for the stress-
controlled oedometer tests was the same as the conventional
oedometer tests.

For the constant rate of strain (CRS) oedometer
test, a modified oedometer cell was used. This modified cell
is shown and described in Figure 2.3. A photograph of
the CRS test apparatus is shown in Figure 2.4. Before pla-
cing the oedometer onto the cell base, the water system was

flushed thoroughly with deaired water to get rid of entrapped
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air. Then the oedometer was fastened to the cell base. The
O-ring around the edge of the ring acted as a seal, making
the bottom impermeable. The water system was left open to
avoid large excess pressures in the water system during
mounting. The top cap was then placed in position, the re-
servoir was flooded with water, and the oedometer was trans-

ferred to a Wykeham Farrance IT compression machine.

2.4 TEST PROCEDURES

Consolidated-drained stress-controlled triaxial
tests (CAD(D) tests), undrained shear tests (CAU tests),
non-standard stress controlled oedometer tests and constant-
rate-of-strain (CRS) oedometer tests were performed in the
present study of rate effects and low stress strengths of
Winnipeg clay. Testing procedures for CAD(D) tests and CAU
tests for undisturbed samples are briefly summarized in this
section. Noonan (1980) and Lew (1981) have given detailed
descriptions of the testing procedures used in the Soil
Mechanics laboratories in University of Manitoba. For the
investigation of low stress strengths, CAD(D) tests and CAU
tests were also performed on 'fully-softened' samples and
samples subjected to 'freeze-thaw' cycles. The 'fully-
softened' samples were allowed to swell and the 'freeze-thaw'
samples were subjected to several freeze-thaw cycles before
reconsolidation. Thus the actual procedures during testing
for the CAD(D) tests and CAU tests of the 'fully-softened’

and 'freeze-thaw' samples were the same as described by
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previous workers (Noonan, 1980; Lew, 1981) for undisturbed
samples. In addition, this section also describes test pro-
cedures which have not previously been used in the research
at University of Manitoba for:

1. 'fully-softened' samples

2. 'freeze and thaw' samples

3. non-standard stress-controlled oedometer tests

4. constant rate of strain (CRS) oedometer tests

2.4.1 Undisturbed Samples

2.4.1.1 Triaxial Consolidation and Drained Stress Controlled

Triaxial Tests for Undisturbed Samples

The undisturbed samples were first consolidated to
desired axial stress levels: pé/S, 2p5/3, pé where pé is
the in-situ stress level. A constant stress ratio (Oéc/cic)
of 0.65 was used during the reconsolidation phase of the
present study. The effective overburden stress for each
sample was calculated assuming the phreatic surface at a
depth of 3 m and an average unit weight of 17.5 kN/mS. De -
tailed discussion on the use and implications of this method
was described by Noonan (1980).

The consolidation stages of the undrained triaxial
tests and the drained stress-controlled tests were both
carried out on a steel loading frame, the general arrangement
of which is shown in Figure 3.5 of Lew's thesis (Lew, 1981).
Up to three rotating bush cells could be used at one time.

Dial gauges were used to measure the height changes of the
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samples and the volume changes were measured using burettes.
Before each loading increment, water was flushed through the
drainage leads to remove air which might have been trapped
between the membrane and sample, together with any gas re-
leased by the sample (Noonan, 1980).

Cell pressure was applied through water in the cell,
using compressed air to pressurize an external air-water
tank. The cell pressures and porewater pressures were both
monitored by pressure tranducers and were re-zeroed to atmos-
pheric pressure at mid-height of sample before each load in-
crement. Axial loading was applied by dead loads on a hanger
which rested freely on the piston.

After the application of the stresses, axial and
lateral stresses, axial dial gauge and burette readings were
taken using standardized 'doubling' time intervals (that is,
1, 2, 4, 8, 15, 30 min; 1, 2, 4 hr etc.). Stress increments
in triaxial consolidation, drained stress controlled tests
were added at approximately 24 hour intervals, with the ex-
ceptions of those stress points that were in the vicinity of
the proposed yield stresses, and in the 5 day loading tests
(Samples T402, T404 and T406). These latter procedures will

be described in detail in Chapter 3.

2.4.1.2 Undrained Shearing

After triaxial consolidation, samples which were to
be subjected to undrained strain-controlled shearing were

moved carefully from the consolidation frame to a 10 t
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compression frame. The axial load was reapplied in the com-
pression frame using a proving ring (sensitivity = 4,156 N/div).
The loading piston was clamped while the cell was being moved.

Prior to back-pressuring, the sample drainage system
was again flushed to remove any air which had collected during
the last consolidation increment, A back-pressure of approxi-
mately 210 kPa was used to achieve saturation in the sample.
The back-pressuring process was usually continued for about
24 hours before checking for saturation. For research pur-
poses, the acceptable value for the porewater parameter B is
98 per cent or greater. The B values obtained in the present
study ranged from 97 to 100 per cent.

The strain rate used for undrained shearing was about
1 per cent/hour before the peak shear stress was reached.
After reaching the peak shear stress, the sample was strained
for a further 1 to 2 per cent axial strain, at which point a
"relaxation test" was carried out to examine the effect of
strain rate variation on the undrained strength. This proce-
dure, developed by Kenney (1966), involves switching off the
compression machine and noting changes with time in the axial
deflection, proving ring, porewater pressure and cell pressure.
Relaxation tests were usually continued overnight. After the
relaxation test, the compression machine was switched on again
and step-changing technique was applied to all of the samples.
In this technique which was introduced by Richardson and
Whitman (1963), the strain rate applied to a sample is step-

changed during the test. Each strain rate is applied only
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long enough to establish the stress-strain relationship for
that stage in the test. Stress-strain curves for different
strain rates can then be interpolated between measured por-
tions of the curves, and can be extrapolated to the region

of failure strains. Relaxation tests at axial strains
greater than 5 per cent were performed on some of the samples
to examine the dependency of strain rate effects on the magni-
tude of strain. On completion of testing, the failed samples
were removed from the triaxial cell and cut longitudinally.
One-half of the sample was used for determining the final
moisture content of the sample. The other half was normally
used for visual examination; namely inspection of the failure

plane and pecularities within the sample.

2.4.2 'Fully-Softened' Samples

The 'fully-softened' samples were trimmed from 'un-
disturbed' block samples, and built into the triaxial cell
in the usual way. Prior to the reconsolidation, however,
they were allowed to absorb as much water as possible under
low applied stresses. A small cell pressure of 2 kPa and
axial pressure of approximately 4 kPa were applied in order
to keep the membrane and piston just in contact with the
sample so that measurements for volume change and axial de-
formation could be made. Axial dial gauge and burette read-
ings were taken using standard 'doubling' time intervals for
the first 24 hours and daily readings were taken there-

after. It was observed that the volume of samples would
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become stable after 10 days. The volume and height were in-
creased by about 6 and 3 per cent respectively for all the sam-
ples. The samples were then reconsolidated in the usual way
and CAD(D) or CAU tests performed as described previously for
undisturbed samples, except that an average unit weight of
16.7kN/m3was used for the calculation of in-situ stresses in
these tests. Based on theunit weights obtained for the samples
tested in the present study (see Table 2.1, 2.2), and those
tested by Noonan (Table 3.1, Noonan, 1980) and Lew (Table 1, Lew,
1981), the author suggests that the average unit weight of

17.5kN/m3proposed by Baracos et al. (1980) was rather too high.

2.4.3 'Freeze and Thaw' Samples

The samples for examining the effects of 'freeze
and thaw' cycling were again trimmed from undisturbed block
samples. After the membranes were put on the sample, the
sample and the cell base were transported into a temperature
control chamber. Pressure transducers were disconnected from
the cell base to facilitate the transportation. The freezing
and thawing temperatures ranged from -5 to -25°C and 20 to
25°C respectively. Average duration of the freeze and thaw
cycles was about 12 hours for samples T418 to T420, and 48
hours for samples T421 and T422. The temperatures, durations
and the number of freeze-thaw cycles for which the samples
were subjected to are shown in Table 2.3. Average axial com-
pressive strains of 2.5 per cent were observed, for samples

T418 to T420, and 6.5 per cent for samples T421 and T422.
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No net volume change occured since the samples were 'freeze-
thawed' under a closed system, that is, all drainage valves
were closed during the freeze-thaw cycles., Figure 2.5 shows
a typical 'freeze-thaw' sample T421 after completion of the
freeze-thaw cycles. The sample was tilted from the vertical
position and a rough outer surface had formed. The unit
weights obtained for individual samples were used for the
calculation of in-situ stresses. After the freeze and thaw
cycles, the samples were reconsolidated, and CAD(D) or CAU tests

were performed in the same way as the undisturbed samples.

2.4.4 Non-Standard Stress Controlled Oedometer Tests

The equipment and sample preparations for the six
oedometer tests were the same as for standard oedometer
tests. The six samples were trimmed and loaded at approxi-
mately the same time. Single, different loads were applied
to each sample for periods of about 100 days. The loads
were 480.4, 377.9, 280.4, 210.2, 150, 75 kPa for samples
C401, C402, C403, C404, C405 and C406 respectively. For
loads that were smaller than 220 kPa, the samples were loaded
in one step. For those loads larger than 220 kPa, the loads
were put on in steps of about 100 kPa at 30 minute intervals.
This was done to avoid squashing of the samples due to high
porewater pressure gradients causing flow of the clay past
the top cap if the loads were applied too quickly. The
threshold value for axial pressure of 220 kPa was used because

the preconsolidation stress at this depth was estimated to be



240 kPa.

Axial deformations of each sample were measured
using a dial gauge, with the readings being taken using
standard 'doubling' time intervals for the first 24 hours.
After the first day, readings were taken daily for the first
month, after about every 4 days in the second month, and
then irregularly the third month. The most important read-
ings were those during the first 24 hours; and subsequently
after 10, 30, 60, 100 days. The loads were allowed to stay
on the samples for 100 days and during this period all the

tests were performed under a controlled temperature of 21°cC.

2.4.5 Constant Rate of Strain Oedometer Tests (CRS Tests)

The set of CRS oedometer tests performed in the
present study was a pilot series in a new piece of equipment
designed and manufactured in the University of Manitoba
(Figures 2.1, 2.2).

After the sample had been built into the cell, the
test was started by setting the compression machine into
motion at a constant rate of straining. Up to a load of
approximately 10 kPa the drainage system from the bottom of
the cell was left open and when good contact was assured
between the sample and the bottom of the cell, the drainage

was shut off, making the base impermeable. Samples C409 and

C410 were loaded initially to about 70 kPa to avoid swelling.

A type TYCO pressure transducer with a range of 0

to 980 kPa was used for measuring porewater pressure at the
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bottom of the sample. The vertical force was measured with
a TYCO (JP 1000) force transducer, range 0 to 4,500 N. The
deformation was measured with a LVDT, type HP 7DCDT-500.

Readings were taken with the following accuracy:

Force 1.0 N
Pressure 0.1 kPa
Deformation 0.001 mm

Data were fed to conditioning units designed and

built in the workshops at University of Manitoba, and recorded

by ‘a Consolidated Control Model 90MCI datalogger.

Strain rates used in this test series ranged from
0.0002 mm/min. to 0.0036 mm/min. After the strain rate was
set, the compression machine was switched on, and readings of
vertical force, pore pressure and deformation were taken every
ten minutes during the first hour and every hour thereafter.
Step changing tests (Bell, 1977) were performed on samples
C408 and C409 after the pé values were reached.

The effective axial pressure was calculated based
on a parabolic porewater pressure distribution throughout
the sample (Sallfors, 1975). The effective pressure can

then be calculated as:

1] = - u
oL o, 2/3 b
where GG = effective vertical pressure
o, = total vertical pressure
u, o= porewater pressure at the bottom of

the sample
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The tests were run to an average axial strain of

about 18 per cent.
The results of the time effects and low stress
strengths for the present study will be presented in Chapters

3 and 4 respectively.



CHAPTER 3

TESTS TO EXAMINE TIME EFFECTS AND

STRAIN RATE EFFECTS

3.1 INTRODUCTION

Three major types of laboratory tests, namely
consolidated drained triaxial tests, non-standard stress-
controlled oedometer tests and strain controlled oedometer
tests were carried out to investigate the influence of time
and strain rate on the stress-strain behaviour of Lake
Agassiz lacustrine clay. |

The series of consolidated drained triaxial tests
examined the deterioration or shrinkage of the yield enve-
lope towards the origin of the (p'. q) stress space with
increased time of testing (Tavenas and Leroueil, 1977). The
non-standard oedometer tests study the influence of time
effects on the preconsolidation pressure, pé (Tavenas et al.,
1977; Bjerrum, 1967). The effect of strain rate on pé was
investigated using strain-controlled oedometer tests (Sallfors,
1975; Bell, 1977). Strain rate effects were also examined
using relaxation tests (Kenney, 1966) and step-changing tests
(Richardson and Whitman, 1963) on all the undrained shearing
tests.

Standard classification tests (Atterberg limits, spe-

cific gravity, natural moisture content and hydrometer tests)



were performed on the trimmings taken from the triaxial
compression samples. Test results are listed along with
sampling depths and test types in Tables 2.1 and 2.2. Swedish
Fall Cone sensitivity tests were also performed on small in-
tact cuttings from the block samples. Natural moisture con-
tents were performed on all the oedometer samples. These
results are shown later with the complete oedometer results
in Table 3.5. Only one set of standard classification tests
was performed because the oedometer samples were all trimmed
from the same block sample of clay. The average results are

as follows:

Liquid limit, W 75.8%
Plastic limit, wp 26.6%
Plasticity index, Ip 49 .2%
Average specific gravity, GS 2.78
Clay fraction 66%
Sensitivity 3.0

These results are in general agreement with results

from Lew (1981).

3.2 TESTING PROGRAM

3.2.1 Consolidated Drained Triaxial Tests

Six consolidated drained triaxial tests on samples
T401 to T406 were used to investigate the shrinkage or de-
generation of the yield envelope with time. The samples

were first reconsolidated to their approximate in-situ stress
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levels (Crooks and Graham, 1976) in three stress increments.
Once the triaxial samples were reconsolidated to the approxi-
mate in-situ stresses (Baracos et al., 1980), a series of
three stress paths were used, with two samples for each-
stress path, to investigate the effect of time or test dura-
tion on the yield envelope. The three stress paths are shown
in Figure 3.1. They can be further divided into the follow-
ing categories:

1. T401, T402 (Figures 3.3, 3.4, 3.5)

- Stress path of increasing effective octahe-
dral normal stress and constant shear stress
of Pé(l—Ko).

2. T403, T404 (Figures 3.6, 3.7, 3.8, 3.9, 3.10)

- Stress path of effective octahedral normal
stress and shear stress both increasing,
with Aq/Ap' being constant.

3. T405, T406 (Figures 3.11, 3.12, 3.13)

- Stress path of decreasing effective octa-
hedral normal stress and increasing shear
stress,

Previous work by Lew (1981) defined an average
yield envelope for samples taken from 11.5 m depth. Inter-
sections of this average yield envelope with the proposed
stress paths established the approximate yield stress level
along each path (Figure 3.1). The incremental stress levels
along each stress path were determined by allowing five

equal increments between in-situ stresses and the
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expected approximate yield stresses. Each stress 1level
was maintained for 24 hours. Detailed discussion of
this method was given by Noonan (1980). However, for the
steeply inclined stress paths along which the samples would
eventually fail abruptly, the yield stresses were more dif-
ficult to define (Lew, 1981). Therefore, two more stress
increments were added before and beyond the approximated
yield stress level for samples T403 to T406 (Figure 3.1) to
increase the 'sensitivity' of the tests at around yield
stress level. Dr. J. Grahaﬁ suggested reducing the load
increment as well as the load duration by half of the origi-
nal values in order to maintain constant strain rate. This
will be discussed in more detail in Chapter 5.

The complete stress-strain results for the stress
controlled portion of this study are tabulated in Appendix I
and shown in Figures 3.3 to 3.13. The triaxial consolida-
tion results at the end of the drained portion of the tests
are summarized in Table 3.2.

Sample T402 was consolidated under constant shear
stress to stresses higher than the yield stresses, and was
then sheared to failure under undrained triaxial compression
conditions. Additional stress-strain information for the
clay was provided during undrained shearing. The undrained
stress strain results for this sample will be presented in
Chapter 4. It should perhaps be explained here why no un-
drained stress strain results for test T401 have been

included. An procedural error was made in this first test




_31..

during back pressuring for saturation. As a result, the
effective lateral stress on the sample was decreased signifi-
cantly. It was considered that an undrained test on this

sample would be inappropriate.

3.2.2 Non-Standard One-Dimensional Oedometer Tests

Six oedometer tests were carried out using 76 mm
diameter samples which had been carefully trimmed using equip-
ment developed by Lew, 1981. ‘Silicon grease was used to
reduce friction between the sample and the 6edometer ring.
The procedure involved loading the six oedometer samples in
one step to six different predetermined stress levels, namely
480.4, 377.9, 280.4, 210.2, 150.0, 75.0 kPa. Detailed de-
scription of the procedure can be found in Chapter 2. The
development of vertical strains was monitored for a period
of 100 days. The tests were performed under a controlled
temperature of 21°cC.

The results of these tests are presented in Tables

3.5 to 3.7 and Figures 3.15 to 3.20.

3.2.3 Constant Rate of Strain Oedometer Tests

Four 76 mm diameter oedometer samples (C407-C410)
were used in this pilot test series. The new piece of equip-
ment designed and manufactured in the University of Manitoba
has been described and shown in Figures 2.1 and 2.2.

The strain rate used for samples C407 to C410 were

0.0010 mm/min., 0.0036 mm/min., 0.0002 mm/min. and 0.0006 mm/




min. respectively.

Step changing tests (Bell, 1977) were performed on
samples C408 and C409. Samples C408 to C410 were run to an
average vertical strain of 18 per cent. Sample C407 was the
first test and it was stopped at an axial pressure of 487 kPa
because of the limited capacity of the load cell used in the
test. The results of these tests are tabulated in Table 3.8

and are shown in Figures 3.21 to 3.22.

3.3 TRIAXIAL CONSOLIDATION AND DRAINED STRESS CONTROLLED

TRIAXTAL TESTS

3.3.1 Reconsolidation to In-Situ Stresses

The triaxial samples that were used for the study
of time effects (T401 to T406) were reconsolidated to in-situ
stresses in three increments, with at least 24 hours between
increments. A ratio of horizontal to vertical effective
stress during restressing was taken as 0.65 (Baracos et al.,
1980). The importance of reconsolidating samples anisotro-
pically with respect to preserving the field structure of
the clay was emphasized by Crooks and Graham (1976).

The stress-strain results of reconsolidating the
samples to the estimated in-situ stresses are tabulated in
Table 3.1. For samples T401 to T406, the axial strains to
in-situ stresses ranged from 1.25 to 1.56 per cent. The
lateral strains to in-situ stresses varied from 0.12 to 0.36
per cent. All of the samples except T406 had negative

volumetric strains of 0.08 to 0.3 per cent during the first



stress increment. Sample T406 had a positive volumetric
strain of 0.1 per cent and it was trimmed from a different
block of clay.

These strains can be considered small, and will
not seriously affect the mechanical properties of the clay.
They compare favourably with corresponding values obtained
by Noonan (1980) and Lew (1981). The amount of straining
which occured during restressing was in part a measure of
the amount of sample disturbance. Crooks (1973) stated that
a small degree of disturbance during sample preparation
resulted in axial strain below 2 per cent at Pé. Based on
this statement, the axial strains of less than 1.6 per cent
to Pé for the present tests reflected acceptable level of
disturbance. The volumetric stress strain behaviour during

reconsolidation will be presented in more detail in Chapter 4.

3.3.2 Drained Compression Results

The proposed effective stress paths to be followed
by the samples (T401 - T406) are shown in Figure 3.1. Figure
3.2 shows the actual effective stress paths and stress levels
of the samples. The development of stresses and strains
during each test is summarized in tabular form in Appendix I.

The yield or 1limit state stresses were identified
by stress-strain criteria which depended on the stress path
of the tests. For example, no yield stress could be obtained

from a plot of (01-03) Vs g, for a test carried out at
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constant shear stress, or from a plot of Oéct Vs e, for a
test at constant octahedral normal stress. Yield stresses
could be defined in a number of ways depending on the stress
paths in question. Discussion on the application of dif-
ferent criteria for different stress paths were given by
Baracos et al. (1980), Noonan (1980). Lew (1981) developed
an "energy criterion" for yielding based on earlier work by
Graham, 1974 and Noonan, 1980. This involved plotting WT VS
LSSV where:

W - strain energy absorbed per unit volume

LSSV - Length of Stress Vector (Lew, 1981)

In addition, the shear stress (01-03) vs shear
strain *¢ plot was used to determine the yield stresses for
the steeply inclined stress paths (samples T403 to T406).
The (01‘63) vs ¢ plot is more meaningfﬁl and useful than the
(01-03) Vs €y plot. This is because the shear modulus of
the triaxial samples can be identified as one-third the
slope of the initial stiff section of the (01-03) vs € plot.
For samples T401 and T402, yield stresses could only be
determined by the Géc VS €., oé Vs €4 and the WT vs LSSV

t
3 1 ]
plots (Figures 3.3, 3.4, 3.5). The O] Vs €1, Ol . VS €,
(01—03) VS €1, (01—03) vs € and WT vs LSSV plots were useful
in determining yield stresses for samples T403 and T404
(Figures 3.6 to 3.10). The yield stresses obtained from the

different graphs are indicated on the figures. Corresponding

*
e = 2/3 (81'83)



values of o' at yield are given in Table 3.4.

oct
The stresses at rupture are interpreted as being
the yield stresses for samples T405 and T406. Figures 3.11,
3.12, 3.13 show the oé
plots for these samples. The difficulties in defining yield

Vs €24, (01-03) Vs €, WT vs LSSV

stresses for stress paths of this type were pointed out by
Lew (1981), and will be discussed in more detail in Chapter 5
of this thesis.

Except for samples T401 and T402, all the samples
(T403 to T406) failed abruptly during the last loading in-
crement with the drainage leads open; The undrained shearing
results for sample T402 are presented in Chapter 4. As
explained earlier in this chapter, no undrained shearing
results were obtained from sample T401.

The yield stresses for samples T401 to T406 are
presented in Figure 3.14. The results indicated that for
the constant shear stress path, the yield stresses for
sample T401 were greater than that of sample T402. There-
fore, the yield stresses for the 5-day loading duration test
(T402) were smaller than that of the 1-day loading duration
test (401). This confirmed with 6b5ervations in the YLIGHT
model (Tavenas and Leroueil, 1977). However, for the other
samples in thié series, T403 to T406, the results were 1in
contradiction with the YLIGHT model observations. The yield
stresses for the 5-day loading duration tests (T403 and T405)
were greater than that of the 1-day loading duration tests

(T404 and T406). It should be pointed out that the stresses



at rupture for sample T404 (5-day loading duration) were
smaller than that of sample T403 (1-day loading duration).
This set of results has presented difficulties during inter-
pretation. The estimated yield stresses for samples T401

to T406 were predicted using the one-day yield envelope for
11.5 m depth proposed by Lew (1981). Figure 3.14 shows that
the yield stresses for samples T401 to T404 are outside Lew's
envelope; while the yield stresses for samples T405 and T406
are inside Lew's envelope. However, these results are in
better agreement with the revised yield envelope by Graham
(1982), described earlier in Chapter 1. Discussion of the

results will be presented in Chapter 5.

3.4 NON-STANDARD OEDOMETER TESTS

Crawford (1964), Bjerrum (1967), Tavenas and
Leroueil (1977) demonstrated that a reduction in the rate
of loading or an increase in the duration of load applica-
tion resulted in a reduction of pé.

In order to verify this point, six special oedo-
meter tests (C401 to C406) were performed on the Winnipeg
clay from 11.6 m depth. The load settlement curves (c& Vs
EVR curves) observed after 0.1 day, 1 day, 10 days and 100
days are shown on Figure 3.15. The effective preconsolida-
tion pressures pé were interpreted from bilinear fitting of
the observed stress-strain results. Lew (1981) noted that

all the graphs of ¢ Vs o& revealed an initial straight

VR
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section of low compressibility of the clay which changed to
a higher compressibility at pé and for a range of stresses
beyond pé. At higher pressures, strain-hardening behaviour
was observed. Graham, Noonan and Lew, 1982 have suggested
that this may indicate cementation in the clay. The plot
was formed from the initial linear section of the eyr VS 0&
plot and the straight line joining the first two points in
the more compressible region. The pé values found in this
way reduced from 249 to 225 kPa as the duration of the load
application increased from 0.1 to 100 days. These results
are tabulated in Table 3.5.

Figure 3.16 shows corresponding vertical strain
eyp VS 10g0& curves for the 0.1 to 100 days loading durations.
In this case, the values of pé were difficult to determine
using the Casagrande construction. Points of minimum radius
of curvature were difficult to locate due to roundness of

the ¢ Vs logoé curves. The straight lines in the eyr VS

VR
c& space in Figure 3.15 will appear to be curved in the EVR
Vs logo& space (Graham et al., 1982a). Because of this, the
pé values for these tests were defined using the eyp VS c&
curves in Figure 3.15. The pé—values defined using the €VR
Vs logoé curves are also shown in Table 3.5.

The consolidation-time curves are shown in Figures
3.17 and 3.18. Sample C406 began to swell at about 20 min-
utes after the load application, and reached a constant

value at about 40 hours. The initial compression of sample

C404 was greater than that of C405 while sample C405 was




subjected to a larger load. However, sample C405 became
more compressible at about 40 minutes after loading. The
'S' shaped curves predicted by Terzaghi consolidation theory
were generally observed except for sample C406.

C

Values of o C Ca/cc were calculated for

c’ Ta?
different stress levels at 24 hours and 240 hours and 2,400
hours load durations. Values of c, were calculated using
teoy from the empirical log(time) construction method. In all
cases, the consolidation time curves indicated that all
primary consolidation was completed within 24 hours after
loading. The results are tabulated in Table 3.7. Figures
3.19 and 3.20 show the graphs of S Ca/CC, Cc’ Cy and EVR

Vs 1ogg§ for load durations of 24 and 240 hours respectively.
The c, Vs logo& plot for 240 hours load duration cannot be
presented for reasons stated above.

The c, Vs logoé plot in Figure 3.19 show that cy
peaked just before pé (250 kPa) and dropped until a vertical
pressure of about 378 kPa was reached. C, peaked at a value
of 3.4 per cent at stress level of 378 kPa for load duration
of 24 hours and decreased to a value of 1.6 per cent at the
same stress level for a load duration of 240 hours. For the
24 hour CC Vs 10gc& curve, CC increased with increasing ver-
tical stress, whereas the value of CC peaked at vertical
stress of 378 kPa. The Ca/cc values also peaked just after
pé and decreased with time.

The effect of strain rate on pé can be expressed

as ny - the change in pé for a ten-fold change in vertical
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strain rate, expressed as a percentage of pé at a standard
strain rate of 0.1 per cent/hour. The strain rate was es-
timated using the strain to pé, and divided by the corre-
sponding time. The value of ng.1 in this study was 3.6 per
cent. This is rather lower than the normal range of no .1

is from 10 to 20 per cent (Graham, Crooks and Bell, 1982a).

3.5 CONSTANT RATE OF STRAIN OEDOMETER TESTS

The constant rate of strain oedometer tests per-

formed in the present study form a pilot series. The equipment

and test procedures are similar to those described by Sallfors

(1975). Graphs of €yp VS 0& and €yp VS 1og0& are shown in
Figures 3.21 and 3.22. Although no sharp break was observed
for any sample (C407-C410) in both plots, yielding could be
identified with some certainty. The pé values are better
defined using the €yr VS 0& plot. Table 3.8 shows the pé
values obtained, and the corresponding strain rate for both
plots. pé values are unusually high in tests in this study.
The author suggests that this might be due to equipment pro-
blems, specifically the inability to back-pressurise the
equipment to ensure saturation and meaningful porewater pres-
sures. This could be expected to lead to low estimates of
porewater pressure, and hence high estimates of effective
stress. It has not been considered useful to calculate from
these tests consolidation parameters such as Cc’ Ca' Note
that significant strain rate dependencies have been observed.

These tests will be discussed further in Chapter 5.
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CHAPTER 4

LOW STRESS TEST RESULTS

4.1 INTRODUCTION

The shear strength and stress-strain character-
istics of the Winnipeg clay at low stresses (stresses less
than or equal to the in-situ stresses pé),have’been inves-
tigated using drained stress-controlled triaxial CAD(D) tests
and undrained shear triaxial (CAU) tests. These tests were
performed on five undisturbed samples (T407, T408, T415,
T416, T417). The effect of swelling and freeze-thaw degra-
dation on low stress strength of the Winnipeg clay were also
examined using the same tests on six 'fully-softened' samples
(T409 to T414) and five 'freeze-thaw' samples (T418 to T422).
The testing program is described in detail in section 4.2.

Undisturbed samples tested in the present study
were obtained from borehole 6 at the University of Manitoba
campus (Figure 1.1) at 11.4 m depth. 'Fully-softened' and
'freeze-thaw' samples were obtained from the same borehole
but at a depth of 8.7 m. Preparation of the 'fully-softened'
and 'freeze-thaw' samples was described earlier in Chapter 2.
Basic soil properties for these samples are listed in Tables
1 and 2.

Results from the CAD(D) tests and CAU tests are
presented in sections 4.3 and 4.4 in this chapter. Strength

results for sample T405 which have already been presented in
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Chapter 3 are included again as part of the undisturbed

CAD(D) test results in this chapter.

4.2 TESTING PROGRAM

Similar testing programs were carried out for the
'undisturbed', 'fully-softened' and 'freeze-thaw' samples.
Pairs of samples were first consolidated to pé/S, Zpé/S and
pé. In principle, CAD(D) and CAU tests were then run on
each of these pairs at each consolidation stress level. How-
ever, because of a shortage of samples free of stone inclu-
sions, CAD tests were not performed for the ‘'undisturbed' and
'freeze-thaw' samples consolidated to.pé. Spress paths with
increasing deviator stress (01—03) and constant effective
octahedral stress Oéct were followed in the CAD(D) tests.

For samples that were consolidated to Zpé/S and pé, strain-
controlled undrained shear tests were run before the corre-
sponding drained tests so that their strengths could be used
to estimate the peak strengths in the subsequent drained
tests. For the CAD(D) tests on 'undisturbed' and 'freeze-
thaw' samples consolidated to pé/S, a stress path with

increasing'(ol—os) and decreasing oé was followed (Figures

ct
3.2 and 4.2). The approximate peak strengths for these tests
were predicted using the low stress envelope proposed by
Baracos et al. (1980). The incremental stress levels along
each stress path for the CAD(D) tests were determined similar

to that of the triaxial samples (T401 to T406) used in the

study of time effects. In this test series, five stress
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increments were allowed between the estimated peak strengths
and stresses at the end of consolidation (pé/S, 2pé/3 and
pé). Additional stress increments were inserted before and
beyond the approximated peak strengths in the same way as

described in Chapter 3.

4.3 TRIAXIAL CONSOLIDATION AND DRAINED STRESS CONTROLLED

TESTS

4.3.1 Triaxial Consolidation

Samples tested in this series were reconsolidated
anisotropically to pé/S, Zpé/S and p! with the ratio of
oé/ci equal to 0.65 (Baracos et al., 1980).

Stress-strain results for the reconsolidation phase
of testing are tabulated in Tables 4.1 and 4.2. Swelling was
observed for the 'undisturbed' samples consolidated to pé/S,
that is, ﬁegative values for axial, lateral and volumetric
strains were recorded (Tables 4.1 and 4.2). The axial strain
(0.95 per cent) of the 'undisturbed' sample (T407) tested in
this series was lower than the axial strains (ranging from
1.25 to 1.56 per cent) for the comparable samples T401 to
T406 tested in the time effect series. The axial strains
were always less than 2 per cent, therefore the sampling
disturbance is acceptable for all these samples (T401 to
T407) (Crooks, 1973) and is minimum for sample T407. The
average axial strains for 'fully-softened' and 'freeze-thaw'
samples both consolidated to pé were 3.73 and 10.58 per cent

respectively. These axial strains were greater than 2 per
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cent which indicated that the samples had been "disturbed"
considerably (Crooks, 1973). It is perhaps worth noting
here, that '"disturbance'" in this context does not imply in-
attention to detail during sample preparation, rather that
the test procedures themselves cause disturbance and changes
to the fabric of the clay. The higher value of axial strain
for the 'freeze-thaw' samples as compared to the 'fully-
softened' samples indicate that their degree of disturbance

was greater.

4.3.2 Drained Compression Results

The actual effective stress paths followed by the
'undisturbed', 'fully-softened' and 'freeze-thaw' samples
are shown respectively in Figures 3.2, 4.1 and 4.2 respec-
tively. The stresses and strains developed during each test
are summarized and tabulated in Appendix I. The triaxial
consolidation results at the end of the drained portion of
the tests are summarized in Tables 3.2 and 3.3.

The determination of yield stresses was discussed
earlier in Chapter 3 and similar techniques have been used
for these tests, stress-strain curves are presented in
Figure 4.3 to Figure 4.18. Yield points are shown on each
graph and yield stresses defined from the various criteria
are summarized in Table 4.3. Samples T415 and T417 were
'undisturbed' samples taken from borehole 6 (Figure 1.1) at
11.4 m depth. For yield determination, the oi VS £y, (01-

03) vs e; and the (01-03) vs € plots were useful for sample
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T415 whereas the Géct VS e Ué VS €3, (01-03) Vs €, WT Vs
LSSV plots were useful for sample T417. Figures 4.3 to 4.8
show the yield determination for these samples.

'Fully-softened' and 'freeze-thaw' samples were
also taken from borehole 6 (Figure 1.1) but from a depth of
8.7 m. For the 'fully-softened' samples (T410, T412 and
T414), the oi VS £75 (01-03) VS Eq5 c% VS €4, (01-03) Vs €
and WT
with the exception of oé VS €4 plot for sample T412. The
yield determinations of these samples are shown in Figure 4.9
to Figure 4.13.

Graphs for yield determinations for samples T419
and T421 are presented in Figure 4.14 to Figure 4.18. For
the 'freeze-thaw' samples (T419 and T421), the (01-03) VS €9,
(01-03) VS € and WT vs LSSV plots were useful in determining
yield stresses for T419,. oi Vs €1, (01-03) Vs €1, c% Vs €4,
(01-03) vs e and Wy vs LSSV plots were used to determine
yield stresses for sample T421.

Difficulties in determining yield stresses along
steeply inclined stress paths were encountered by Lew (1981).
The yield stresses of the samples tested in the present
study for the investigation of low stress strengths were
clearly defined, even for steeply-inclined stress paths.

The yield stresses were considerably lower than the maximum
shear stress (01-03). This will be discussed in Chapter 5.

The drained strengths obtained from this section

of testing are presented in Figures 3.14 and Figure 4.30.

vs LSSV plots were all useful for yield determinations,



4.4 UNDRAINED SHEAR TRIAXIAL TESTS

Undrained shear tests provided information on
several further aspects of the soil's behaviour. They
allowed the examination of stress-strain and porewater pres-
sure generation characteristics of each sample. These in-
clude the porewater pressure parameter, Af, the elastic

modulus, E and the strain-rate parameter, Po.1° In addi-

50°
tion, and pérhaps most importantly, the failure stresses
from the undrained tests in conjunction with the results
from the drained stress-controlled tests permitted an evalua-

tion of the shear strength of the blue clay (Baracos et al.,

1980) at low consolidation pressures.

4.4.,1 Stress-Strain Relationship

The stress-strain conditions for each sample prior

to undrained shearing are summarized in Tables 5 and 6.

lc 1
Figure 4.19 to Figure 4.28. These stress strain curves

- 1 | 1] \ 3
Graphs of (01 03)/201C, 01/03 and Au/o vs €, are shown in

appeared broken and stepped because of the relaxation and
step-changing tests performed to investigate strain rate
effects. These will be reviewed later. The effective stress
paths in (p', q) stress space are shown in Figures 4.29, 4.1
and 4.2 for each test. The complete shear test results are
summarized in Table 4.4.

Sample T402 was consolidated well past its yield
state stresses prior to undrained shearing. Therefore the

in-situ grain structure of the sample had been modified and
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some of the reserve resistance associated with overconsoli-
dation had been destroyed. The stress-strain curve for
sample T402 (Figure 4.19) indicates typical normally con-
solidated behaviour. No distinct sharp peak was observed
from the (01-03)/20ic plot, the deviator stress reached a
maximum value at axial strain of 2.6 per cent and decreased
gradually with increasing strain. The maximum principal
stress ratio occured at an axial strain of 4.6 per cent.
The Au/ciC Vs g4 plot showed that the porewater pressure
increased fairly rapidly up to the maximum deviator stress
and then flattened off becoming substantially constant at
large strains. It should be noted that a mechanical problem
with the compression machine was encountered after the first
relaxation. The gears of the machine were running in the'
opposite direction such that the sample was extended instead
of being compressed. The gears were readjusted at about
20 minutes after the machine was switched on. No major dis-
turbance seems to have been caused to the stress-strain be-
haviour of the sample.

Stress-strain results for the undisturbed samples
(T407, T408, T416) taken from 11.6 m depth are shown in
Figures 4.19 to 4.22. The (01-03)/20ic Vs € plots indicated
distinct sharp peaks and the value of (01-03)/20ic-increased
with decreasing consolidation pressure. The Au/ciC Vs gy
plots showed that the porewater pressure rose rapidly to
peak value and then dropped off with increasing strain. For

samples consolidated to Zpé/s (T408) and Pé/3 (T416), the
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porewater pressure decreased to negative values at large
strains. For samples T408 and T416, the Au/oiC value reached
a maximum at a smaller strain than the oi/oé ratio, followed
by (01-03)/20iC value. Itlshould be noted that for sample
T407, the (01_03)/20ic’ oi/o% and Au/oic values reached
constant values at a very small axial strain (1.5 per cent).
The stress-strain behaviour of the 'fully-softened'
samples (T409, T411, T413) during undrained shearing was
very similar in a general sense to that of the undisturbed
samples described earlier in this chapter. The results are
shown in Table 4.4 and Figures 4.23 to 4.25. However the
stress-strain behaviour of the 'freeze-thaw' samples were
quite different from that of the 'undisturbed' and 'fully-
softened' samples. The sharp peaks typical of the other
test series were not observed from (01—03)/20ic, oi/o',
Au/cic Vs g, plots for any of the 'freeze-thaw' samples in
Figures 4.26 to 4.28. These plots were very similar to that
of sample T402 which was normally consolidated. However,
~one major difference between T402 and the 'freeze-thaw' sam-
ples was that the porewater pressure of the 'freeze-thaw'
-samples decreased during shear. The Au/oiC Vs g4 plots for
the 'freeze-thaw' samples showed that Au/ciC value decreased
with increasing strain and became constant at large axial
strain while the Au/criC value for T402 remained constant.
Thus the 'freeze-thaw' samples exhibited some degree of over-

consolidation. These results will be discussed in Chapter 5.
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4.4.2 Effective Stress Paths

The effective stress paths plotted in terms of
stress parameters, (01-03) and (oi + 20%)/3 for all undrained
shear samples are shown in Figures 3.2 and 4.29; Figure 4.1;
and Figure 4.2 for 'undisturbed', 'fully-softened' and
'freeze-thaw' samples respectively.

Sample T402 was consolidated with oic/pé = 1.36.
The effective stress path was almost linear up to a large
percentage of the maximum shear stress. After this point
shear strains began to have a significant influence on the
porewater pressures and the stress paths moved sharply to
fhe left.

The influence of overconsolidation was clearly
demonstrated by the effective stress paths of the CAU tests
with Oic/Pé < 1 for the 'undisturbed' and 'fully-softened'
samples. The initial sections of these stress paths were
almost linear. The stress paths curved to the right before
reaching the maximum shear stress because the porewater
pressure began to decrease at that point. After reaching
this peak stress, the samples tended to dilate on further
straining. This is accompanied by a decrease in porewater
pressure, and the shear stress dropped abruptly, drawing the
effective stress paths vertically downward. Due to the
smaller decreases in porewater pressure observed in the
'freeze-thaw' samples (Figure 4.2), the effective stress
paths for these samples did not curve to the right as much

as the 'undisturbed' (Figure 3.2) and 'fully-softened'
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samples (Figure 4.1). The effective stress paths for the
undisturbed samples in the overconsolidated region were in
close agreement with Lew's results (Figure 4.29). |

The 'fully-softened' and 'freeze-thaw' strengths
are presented in Figure 4.30. It should be pointed out that
the yield envelope for 8.2 m depth proposed by Noonan (1980)
did not extend into the overconsolidated region. However,
the overconsolidated yield envelope is shown as dotted lines
in Figure 4.30. This envelope was obtained by multiplying
the coordinates of the revised normalized yield envelope
(Figure 4.31) proposed by Graham et al. (1982b), by the
value of pé equal to 380 kPa for samples taken from 8.2 m
depth. This value of pé for the Winnipeg clay was based on
the one-dimensional oedometer tests performed on samples
taken from various depths at the same site. The variation
of pé with depth has been shown in Figure 6.7 in Lew's
thesis (1981). The results showed that the 'fully-softened'
strengths were lower than the undisturbed strengths but
higher than the 'freeze-thaw' strengths. The envelopes
appeared to be curved and parallel to each other.

The drained and undrained strengths for the un-
disturbed, 'fully-softened' and 'freeze-thaw' samples are
presented in Figures 4.32 and 4.33 respectively. They are

also presented in the revised normalized stress space

(Figure 4.31). The preconsolidation pressure (pé) of 241 kPa
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was used for samples taken from 11.4 m depth. This value
was based on the one-dimensional oedometer tests performed
by Lew (1981) for this particular series of samples (Graham
et al., 1982b). The pé value of 400 kPa was used for
samples taken from 8.7 m, based on Figure 6.7 in Lew's
thesis.

It should be noted that the 'fully-softened' and
'freeze-thaw' procedures can be expected to affect not
only the steep stress path strengths, but also the Ko-stress
path strength and hence the value of pé. Therefore the
normalized results for the 'fully-softened' and 'freeze-thaw'
samples presented in Figure 4.31 may not be correct due to
the changes in pé ﬁalues. This will be further discussed

in Chapter 5.

4.4.3 Porewater Pressure Generation

The relationships between Au/oiC and €1 for the
undrained shear samples are shown in Figures 4.19 to 4.28.
For the overconsolidated 'undisturbed' and 'fully-softened’'
samples, the porewater pressures during undrained shear rose
quickly to a maximum value before the maximum oi/oé ratio
and the maximum (01-03)/20ic value were reached. Porewater

pressures then dropped off quickly after the peak value was

reached and approached a constant value at large strains.
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For samples consolidated to pé/S and Zpé/S, the porewater
pressures dropped off to negative values. Porewater pressure
generation for the 'freeze-thaw' samples was similar to the
'undisturbed' and 'fully-softened' samples but the Au/oiC Vs
€y plots (Figures 4.26 to 4.28) for these samples were more
rounded and the porewater pressure did not fall off to nega-
tive values.

The porewater pressure parameter A = Au/A(ol-os)
(Skempton, 1954), designated 'Af' for failure conditions, is
often used in practice. Values of Af for the undrained tests
are tabulated in Tables 4.4 and 4.5. The Af values for over-
consolidated 'undisturbed' samples ranged from 0.15 to 0.47.
The range of Af values for the 'fully-softened' samples was
from 0.18 to 0.38. Af values for the 'freeze-thaw' samples
were quite constant, ranging from 0.52 to 0.56. The rela-
tionships of Af plotted against (1/Oic) (Baracos et al.,
1980) and overconsolidation ratio (OCR) (Lew, 1981) are shown
in Figure 4.34 and Figure 4.35 respectively. The Af values
for undisturbed samples decreased with iﬁcreasing 1/Gic value
and OCR, the results were in good agreement with the results
obtained by Baracos et al., 1980 and Lew, 1981.

Af values for the 'fully-softened' and 'freeze-
thaw' samples did not decrease with increasing 1/0ic value
and overconsolidation ratio. The results in Figure 4.35
indicate that the Af values were low at low OCR, increased
with increasing OCR; reaching a maximum at OCR of about 6 to

7 and dropped off with further increase of OCR. Figure 4.36
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shows the Af values vs the effective stress ratio céc/oic.
The result for the normally consolidated sample (T402) used
in the present study did not agree with Lew's values for
normally consolidated samples (Lew, 1981). 1In the present
study, Af values for 'freeze-thaw' samples were the highest
followed by the 'fully-softened' and 'undisturbed' samples.
The value of the Af parameter depended to a large extent on
the stress history of the soil and particularly on the degree
of overconsolidation. These results will be discussed further
in Chapter 5.

Figures 4.37 to 4.42 show the normalized values of

Au/ciC vs Acg /Uic for all undrained strain-controlled tests.

oct
For 'undisturbed' samples consolidated to 2p6/3 and pé (T407
and T408), the relationship was approximately linear up to a
high percentage of the maximum stress (Figure 4.38). There-
after the relationship became non-linear. The porewater
pressure dropped off after (cl—os)max value was reached. For
the undisturbed sample consolidated to pé/S, the porewater
pressure behaviour was similar to the 'fully-softened' sam-
ples (T409, T411, T413). The relationship for the initial
stage was slightly curved and became distinctly non-linear
thereafter. Porewater pressure dropped before the (Gl_OS)max
value was reached. The porewater pressure dropped to nega-
tive values for both the 'undisturbed' and 'fully-softened'
samples consolidated to less than pé.

The initial porewater pressure response was linear for

the 'freeze-thaw' samples . In each case, the porewater pressures
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decreased with decreasing coct‘afterthe maximum deviator

stress (01-03). In the post-peak range for samples T420, T422,

the ratio Auﬂ&ooc was lower than in the pre-peak range. This

t
contrasts with the more usual behaviour shown for example in

Figs. 4.38-4.40 for the "undisturbed" and "fully-softened'" samples.

The slope of the linear relationship for the nor-
mally consolidated sample (T402) was greater than those
obtained from the overconsolidated samples. However, for
both the overconsolidated and normally consolidated cases,
the initial response in porewater pressure change (Au) was
greater than the changes in total octahedral normal stress.
Once the structure of the clay began to respond nonlinearly,
however, the behaviour was very different in the two cases.
Overconsolidated samples produced strongly decreasing pore-
water pressures, whereas normally consolidated samples gave
increasing porewater pressures. The gradients of the linear
section, m, are summarized in Table 4.4 and comparison of Af
and m values for overconsolidated 'undisturbed', 'fully-

softened' and 'freeze-thaw' samples are shown in Table 4.5.

] 1
4.4.4 E50 Parameter

The non-linearity of the (01-03) Vs €, curves from
triaxial compression tests has been approximated by a secant

modulus E from the end of consolidation to 50 per cent of

50
the reserve resistance (Graham, 1974). Values of ESO have

been normalized by dividing by the undrained strength Su =

(01-03)/2max to give what is known as the relative stiffness,
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ESO/Su’ Table 4.4 summarizes all values of E50 and ESO/Su'
The results varied considerably with test type, and showed
significant scatter. Figure 4.43 shows a plot of relative
stiffness versus overconsolidation ratio (OCR) for the un-
drained tests. No clear relationship was observed. However,
for the same overconsolidation ratio, the 'freeze-thaw'
sample had the highest value of relative stiffness, followed

by the 'fully-softened' and 'undisturbed' samples.

4.,4.5 Strain Rate Effect

In the present study, the strain-rate effect was
examined by using two procedures, namely, the step-changing
procedure (Richardson and Whitman, 1963) and 'relaxation'
procedure (Kenney, 1966). These procedures were described
earlier in Chapter 2. The strain-rate effect can be repre-
sented by a parameter Pg.1° which describes the percentage
change in shearing resistance produced by a tenfold change
in strain rate, referred to the shearing resistance ét a
strain rate of 0.1 per cent/hour.

In this testing program, relaxation and step-
changing procedures were performed on all the undrained shear
tests. Relaxation tests were also performed at large axial
strains on some of the samples to examine the dependency of
strain rate effects on the magnitude of strain (Figures 4.19
to 4.28).

The normalized average undrained strength (01-03)/

Zcic versus the axial strain rate from relaxation tests
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performed just after the sample had failed is shown in Figure
4.44,., The Po.1 values obtained from these tests are also
tabulated in Table 4.4. Tables 4.6 and 4.7 show the fo.1
values obtained from relaxation tests and step-changing tests
respectively at various axial strains. The results showed
that Po.1 values obtained from relaxation tests were lower
than those obtained from step-changing tests. The Po.1 values
obtained from both tests ranged from 6 to 10 per cent for

all the 'undisturbed', 'fully-softened' and 'freeze-thaw'
samples. In general, the Po.1 values decreased with increas-
ing axial strain. This confirms earlier work by Lew (1981),

and Graham, Crooks and Bell (1982).

4.4.6 Undrained Strength at Large Strains

The use of the USALS method for slope stability
analysis had been described by LaRochelle et al. (1974).
Preliminary work oh the Winnipeg clay has been reported by
Lew (1981).

USALS obtained from the present study for the
'undisturbed', 'fully-softened' and 'freeze-thaw' samples
are tabulated in Table 4.8. These results are also presented
in Figures 4.31 to 4.33. The USALS values lie very close
to the normally consolidated Coulomb Mohr Envelope. This

will be discussed in more detail in Chapter 5.



CHAPTER 5

DISCUSSION OF RESULTS

5.1 INTRODUCTION

The main purposes for the present research were:

1. To examine the influence of time and rate
effects on the yield behaviour of Winnipeg
clay.

2. To investigate the low stress strengths of
Winnipeg clay by means of 'undisturbed',
'fully-softened' and 'freeze-thaw' samples.

In the present study, the effect of time and strain
rate effects on the yield envelope and preconsolidation pres-
sure pé for Winnipeg clays taken from 11.6 m depth were
studied. These had not been confirmed by previous researchers
(Baracos et al., 1980; Noonan, 1980; Lew, 1981). Because of
the low sensitivity of the Winnipeg clays, the extension of
the time dependent aspects of the YLIGHT concept to include
these clays is a significant step towards verifying the
stress-strain (time) behaviour for all natural clays. (The
YLIGHT concept was developed from tests on highly sensitive
Champlain Sea clay).

Strengths at low stresses are thought to control
the field behaviour in many small embankment, riverbank and
excavation problems in the Winnipeg area (Baracos et al.,

1980). However, the low stress strength of Winnipeg clay is
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still not'fully understood. Low stress strengths for Winnipeg
clay were investigated in the present study using undisturbed
samples taken from 11.4 m depth, 'fully-softened' and 'freeze-
thaw' samples taken from 8.7 m. Preparations for the 'fully-
softened' and 'freeze-thaw' samples has been described in
Chapter 2. Undrained strength at large strains (USALS) (La
Rochelle et al., 1974) and their relationship with the nor-
malized consolidated strength (Rivard and Lu, 1978) were
examined. The influence of strain rate effects on the un-
drained strengths were also studied.

Results for the study of time and rate effects and
low stress strengths obtained from the present study will be
compared with those of the previous studies (Baracos et al.,
1980; Noonan, 1980; Lew, 1981). In addition, some of the
results for time and rate effects study are examined with
reference to the YLIGHT model (Tavenas and Leroueil, 1977).
Undrained shear results for the study of low stress strength
are studied with reference to the USALS concept (LaRochelle
et al., 1974). Furthermore, USALS obtained for the present
study are compared with the normally consolidated strengths
proposed by Baracos et al. (1980).

This chapter is further subdivided into sections
5-A and 5-B. Section 5-A emphasizes results for time and
rate effects while section 5-B concentrates on the low stress

strength results.



_58_

5-A TIME AND STRAIN RATE EFFECTS ON THE YIELD BEHAVIOUR

OF WINNIPEG CLAY

5-A.1 Time Effects on Yield Stresses

As described in section 3.2.1, six consolidated
drained triaxial tests on samples T401 to T406 were used to
investigate the shrinkage or degeneration of the yield enve-
lope with time. The stress paths used for this study were
also described in section 3.2.1.

Due to the difficulties encountered for the inter-
pretation of yield stresses along steeply inclined stress
paths (Lew, 1981), the 'sensitivity' of these tests at around
yield stress level was improved in the present study. This
was done by inserting intermediate stress points before and
after the expected yield stress level (Figure 3.1) to improve
yield interpretations. The load increments for these inter-
mediate stress points were reduced to half of the original
value. However, in order to maintain a rather constant
strain rate, Dr. J. Graham suggested that the load duration
had to be reduced also by half of the original value, that
is, from 24 hours to 12 hours. Standard 24 hour load dura-
tion tests had been adopted by previous researchers (for
example, Graham (1974) and Tavenas et al. (1978)) to define
yield envelopes. The assumption inherent in their work was
that for small load increment ratio, the majority of the
strains occuring in the first 24 hours were due to creep
(not consolidation) and that the majority of the movements

occurred during this period. Therefore, by further reducing
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the load increment ratio for the intermediate stress points
the relative importance of primary consolidation was greatly
diminished and the observed behaviour was essentially repre-
sentative of creep (Leonards and Girault, 1961; Wahls, 1962;
Tavenas et al., 1978). Therefore the strains occuring during
the 12 hour load duration for the intermediate stress points
should also be due to creep. A major portion of the strains
should be completed within the 12 hour period. Strains at
the end of the 24 hour load period for a particular load
increment would be the same for samples loaded with or with-
out the insertion of the intermediate stress point. The
method of reducing both the load duration and load increment
by half of the original values was therefore adopted in the
present study. This hypothesis deserves further detailed
study in carefully controlled tests.

The determination of yield stresses for samples
T401 to T406 has been presented earlier in Chapter 3. It
was pointed out in Chapter 3 that the interpretation for
yield stresses along steeply inclined stress paths (T405 and
T406) was quite difficult. The same problem was encountered
by Lew (1981) who demonstrated that by examining the strain
rates in the last two stress increments before rupture, namely
the 5th and 6th stress increment in his Test T312, he was
able to detect that the sample had in fact begun to yield
at low strain rates during the 5th increment, and that the
extra shearing resistance shown in the 6th increment simply

reflected the influence of the strain rate parameter, o, ;-
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The same approach was employed by the author on test results
for Tests T405 and T406 in the present study. Unfortunately
in this case, the technique was not useful for determining
the yield conditions. Irregular strain rate patterns were
observed, and the method was not investigated further.
Noonan (1980) pointed out that in the overconsoli-
dated region, limit state and rupture coincide. In the
overconsolidated region, samples first reach a maximum de-
viator stress, which is a function of the in-situ grain
structure of the soil, and which occurs at small strains.

The maximum deviator stress, (01-03)/2m represents the

ax’
structural strength of the soil's grain skeleton and is
therefore a part of the 'yield' or 'limit state' surface.

The stress level at rupture is therefore interpreted as

yield stresses for the steeply inclined stress paths in the
overconsolidated region. These included Tests T405, T406,
T410, T412, T414, T415, T417, T419, T421. Moreover, Bjerrum
and Kenney (1967) state that the maximum shear strength
rupture criterion for undrained shear is associated with the
quasi-static yielding of the grain structure of a soil at
small strains; whereas the maximum stress ratio rupture
criterion for undrained shear represents the dynamic yielding
of the clay structure at large strains once a statically
constant condition of sliding friction between soil particles
has been obtained (Graham, 1974). Consequently, in undrained

shear the maximum shear stress reached at small strains by

an overconsolidated sample is a function of its particle
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structure and represents a limit state condition. This has
been used to define the yield envelopes shown in Figures 4.32
and 4.33. However, quasi-yield stress conditions at somewhat
lower stresses were identified in the drained compression
tests used for the investigation of low stress strengths
(T410, T412, T414, T415, T417, T419, T421). This will be
discussed later in section 5-B.

Yield stresses for samples T401 to T406 are shown
in Figure 3.14. Results for samples T401 to T402 confirm
with the observation in the YLIGHT model (Tavenas and
Leroueil, 1977) that the yield stresses decrease with in-
creasing load duration. Yield stresses for sample T401 are
larger than those of sample T402 while its load duration is
shorter. However, results for samples T403 to T406 are in
contradiction with the time aspects of the YLIGHT model.

The yield stresses from these fests are higher with longer
load durations. The cause for this is still not clear
following discussions with all members of the soil mechanics
staff of the Civil Engineering Department, University of
Manitoba. Dr. J. Graham has suggested that this set of
results for samples T403 to T406 simply reflects the sample
variability which is encountered in natural clays, and that
no firm conclusions can be drawn Because of the 1limited
number of tests performed in the present study. The author
recommends further testing of this type in the future, es-
pecially in the overconsolidated region, to investigate the

shrinkage or degeneration of the yield envelope with time.



Figure 3.14 also shows the yield envelope proposed
by Lew (1981) and the revised yield envelope by Graham (1982).
Description along with the reason for the revision of Lew's
envelope has been given in Chapter 1. The shape of the re-
vised yield envelope is changed at the righthand side and it

goes to higher value of cé The yield stresses for sample

ct’
T401 tested in the present study is in better agreement with
the revised envelope. The average moisture content for
samples taken from 11.6 m for the present study was 57.8 per
cent and this value corresponds well with samples T315 to
T319 tested by Lew (1981). Therefore pé value of 241 kPa
determined by Lew (1981) was also used in the current study
to normalize the test results. The normalized test results
(T401 to T406) along with the normalized yield envelope
proposed by Graham (1982) are shown in Figure 5.1. The

results are in general agreement with the normalized yield

envelope.

5-A.2 Influence of Time and Strain Rate Effects on the

Preconsolidation Pressure pé

5-A.2.1 Non-Standard Oedometer Tests

Results from the six non-standard oedometer tests
(C401 to C406) indicate that the preconsolidation pressure
pé for Winnipeg clay decreases with increasing load duration.
This confirms with the findings by previous researchers

(Crawford, 1964; Bjerrum, 1967; Tavenas and Leroueil, 1977)
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and supports the suggestion in the previous paragraphs that
non-systematic variability has affected the results of T401
to T406. The preconsolidation pressures are reduced from
243 to 225 kPa as the duration of the load application in-
creases from 1.0 to 100 days, thus confirming the significant
influence of time on pé. The pé values were interpreted
using bilinear fitting of the observed stress-strain results.
This was discussed earlier in Chapter 3.

The consolidation-time curves are shown in Figures
3.17 and 3.18. Except for sample C406, the 'S' shape curves
predicted by Terzaghi consolidation theory were generally
observed. Because the stress level on sample C406 is small,
the majority of the strain occured for this sample is due to
creep (Leonards and Girault, 1961), and the 'S' shape curve
predicted by Terzaghi consolidation theory is not observed.
It is interesting to observe that for samples loaded to
stress levels higher than pé (C401 to C403), the consolida-
tion time curves gradually become more and more parallel with
the passage of time. This means that with time, the rates
of secondary compression are becoming equal. Also this
finding could imply that for stress_levels higher than pé,
the rate of secondary compression is independent of the
effective stress provided sufficient time has elapsed for
the original loading conditions to disappear. Figures 3.17
and 3.18 show that the effect of the reserve resistance of
the plastic clay on deformations is most pronounced during

the initial period after the samples are loaded. The effect
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gradually disappears with time. Bjerrum (1967) observed
similar behaviour for the sensitive Norwegian clay by moni-
toring settlements for five buildings in the Drammen area.
He suggested that this is due to the diminishing reserve
resistance of the clay with time.

Graphs of S CG/CC, Cc’ Ca* and € R VS logo& for

Vv
load durations of 24 hours are shown in Figure 3.19. The
value of . peaked just before pé (250 kPa) and dropped
until a vertical pressure of about 378 kPa was reached. Cqy
increased sharply just after pé and peaked at stress level

of 378 kPa. These results indicate that for a stress levels
before pé, the deformation is mainly due to elastic compres-
sion, with aAsmall creep component, whereas after pé, primary
and secondary compressions become important. The porewater
pressure dissipation rate increases gradually with increasing
stress level until just before pé is reached, drops off

quite sharply thereafter, and becomes essentially constant

at stress levels higher than pé.

The 1ogo¢ VS €yp curves for 1 day, 10 day and 100
day load durations are shown in Figure 3.16. The instan-
taneous slopes for these curves when multiplied by the origi-
nal specific volumes (1+e0), become the compression index

values Cc‘ The slopes for these curves are quite parallel

to each other in the stress range greater than pé. However,

*Cy is here calculated in terms of changes in voids ratio.
Note that in tests of 24 -hour load duration on these samples,
the rate of secondary consolidation in log(time) is not fully
established. The values of Cq in Fig. 3.19 have been calculated
from the measured slope of the log(time) relationship at the
end of the load increment, that is at 24 hour duration.
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in the stress range smaller than pé, the slopes become steeper
with time. This indicates that regardless of load increment
duration and load increment ratio, CC is approximately con-
stant for any given stress level in the normally consolidated
range, and increases with load duration in the reload range.

Ca/cc values peaked just after pé for the 24 hour
period and become rather constant with time (Figures 3.19
and 3.20). However, although Ca/cc becomes constant in the
reload and normal consolidation ranges of stresses, it is
higher at stresses close to pé (Figure 3.20). Mesri and
Godlewski (1977) concluded that during secondary compression
of natural soils, there is a unique relationship between Ca
and CC for any given time, effective stress and void ratio.
For a wide variety of clays, they found that Ca/CC lies in
a relatively narrow range between 0.03 and 0.09. They used
the procedure of obtaining the CC values from the slope of
the e-logo% curve corresponding to the end of primary con-
solidation and, Ca- values from the "linear slope" of the
e-log t curve beyond the transition from primary to secondary
compression. The "end of primary" consolidation Ca/cc values
for the present test series were calculated and are presented
in Table 3.7. These values are rather low compared to the
values proposed by Mesri and Godlewski (1977) . Further
research into this extensive topic is outside the scope of
this thesis.

The strain rate parameter no.1 defining the rela-

tionship between pé and strain rate was described in Chapter 3.
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The Ny 1 value for this study is 3.6 per cent. This is
considerably lower than the normal range of Ny .1 (10 to 20

per cent) proposed by Graham et al. (1982b).

5-A.2.2 Strain-Controlled Oedometer Tests

The present pilot series of strain-controlled
oedometer tests was designed only as a trial run to examine
their applicability for defining pé and the influence of
strain-rate effects on pé. Stress-strain relationship for
the four strain-rate controlled oedometer tests are shown
as eyp VS o& and eyr VS 1ogo& plots in Figures 3.21 and 3.22
respectively. Slope discontinuities such as those reported by
Sallfors (1975) and Vaid et al. (1979) could be observed from the
arithmetic plot in Fig. 3.21, and pé values could be identified
with some certainty. These pé values are unusually high
when compared to the results obtained from standard oedometer
tests (Lew, 1981). These higher values might because these
tests were not performed under back pressure. Thus the
samples were probably not fully saturated and the measured
porewater pressure lower than the values inside the samples.
This leads to high estimates of effective stress and high
pé—values. However, the results obtained from the present
series do indicate that pé is time dependent. Higher values
of pé are obtained for higher strain rates (see Figures 3.21
and 3.22). The values of No .1 calculated from this series
of tests is about 37 per cent which is obviously excessive

if taken in isolation.
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The author suggests that all further strain-rate
controlled oedometer tests performed at the University of
Manitoba should be run under a back pressure of approximately
200 kPa in order to ensure complete saturation and freedom
from compliance effects in porewater pressure measurements.
This means that new equipments should be used which will
enable the back pressure to be applied. The stfain rate
effect on the undrained strengths along with the low stress

strength results will be discussed in the next section 5-B.

5-B RESULTS FOR THE LOW STRESS STRENGTH INVESTIGATION

5-B.1 Triaxial Consolidation

These samples were reconsolidated anisotropically
to pé/3, 2pé/3 and P with céc/oic equal to 0.65.

Specific volume (V) versus Géct curves for the
'undisturbed', 'fully-softened' and 'freeze-thaw' samples
during reconsolidation are shown in Figure 5.2*. For compari-
son purpose, the reconsolidation results obtained by Noonan
(1980) for 'undiéturbed' samples taken from 8.2 m were re-
calculated and included. These results are also tabulated
in Tables 5.1 and 5.2. The results showed that the 'undis-
turbed' samples swelled during the first load increment and
were then compressed linearly to a smaller specific volume.

The curves obtained for different samples were quite parallel

to each other. The V versus Oéct plots for the 'fully-softened'’

*Fig. 5.2 shows the "undisturbed" and "fully-softened'" tests
starting at about the same specific volume V. Note that these
two series came fromslightly different depths, and had different
initial moisture contents. The initial V for the 8.7 m samples
is shown in Fig. 5.2.
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and 'freeze-thaw' samples were rather non-linear with greater
curvature for the 'freeze-thaw' samples. Figure 5.3 shows
the V versus logo(')Ct for these results. The straight lines
for the 'undisturbed' samples became non-linear in this
figure. Also the non-linear curves for the 'fully-softened'
and 'freeze-thaw' samples became bi-linear and linear straight
lines respectively in this figure. The reconsolidation curve
for 'undisturbed' samples taken from 11.6 m is the average

of all the samples taken from this depth and is shown as a
dotted line. The results indicate that the compressibility
is largest for the 'freeze-thaw' samples, followed by the
'fully-softened' and 'undisturbed' samples since the slope

of the reconsolidation curves for the 'freeze-thaw' samples
is the steepest. This implies that sample disturbance caused
by the 'freeze-thaw' procedure is greater than that of the
'fully-softened' procedure. It is interesting to observe
that the 'fully-softened' samples appear to be stiffer

at the beginning of loading until an average o'

oct of 23 kPa

is reached.

5-B.2 Drained Stress Controlled Triaxial Tests

The maximum (01—03) values and the yield stresses
for the 'undisturbed', 'fully-softened' and 'freeze-thaw'
samples are shown in Figures 3.14 and 4.31 respectively. It
has been discussed earlier in section 5-A that the maximum
(01—03) values are used as yield stresses for tests in the

overconsolidated region. The difficulties of observing yield
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stresses for the steep stress paths in this region have also
been discussed. However, early yield stresses were clearly
identified for drained compression tests (T410, T412, T414,
T415, T417, T419, T421). Yield determinations for these
tests are shown in Figures 4.3 to 4.18. These results suggest
that the sample exhibit an initial stiff behaviour, followed
by a less stiff range before rupture. There is a threshold
stress level before rupture for each stress path beyond which
the sample will become rather compressible. This has a
rather important implication in predicting stress-strain be-
haviour in the field. The early yield stresses for the 'un-
disturbed', 'fully-softened' and 'freeze-thaw' samples

(Figures 3.14 and 4.31) are lower than the (01-0 values

S)max
but higher than the normally consolidated Coulomb Mohr
strengths. Also the early yield stresses for the 'fully-
softened' samples are highef than the 'freeze-thaw' samples.
The early yield behaviour is yet to be understood.
The author suggests that further research into this topic is

required in order to fully understand the stress-strain be-

haviour of the Winnipeg clay in the overconsolidated region.

5-B.3 Low Stress Strengths

Low stress strengths obtained from the drained and
undrained triaxial tests for samples taken from 11.6 m and
8.7 m depths are shown in Figures 4.30 and 4.32 respectively.
The 'undisturbed' strengths and the 'fully-softened' strengths

are close to the low stress envelope proposed by Baracos et
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al. (1980) up to about o' equal 60 kPa. Figure 4.32 shows

oct
that the 'fully-softened' and 'freeze-thaw' strength envelopes
seem to be curved and parallel with the undisturbed yield

envelope. For drained tests consolidated to pé/S with stress

path running in the decreasing o direction (T417 and T419),

oct
the samples failed just before the no tension line.

To minimize stress history variability, these
results are also shown in the normalized stress space (q/pé,
p'/pé) in Figure 4.33. It can be observed that the undis-
turbed strengths are in general higher than the 'fully-
softened' strengths, followed by the 'freeze-thaw' strengths.
These strength envelopes are curved and parallel to each
other. Therefore the low stress envelope proposed by Baracos
et al. (1980) should probably be curved rather than a straight
line.

The pé values used for the normalization of the
'fully-softened' and 'freeze-thaw' samples may not be justi-
fied. Since the 'fully-softened' and 'freeze-thaw' procedures
modified the strength for the steeply inclined stress paths,
therefore the strength along the Ko-line should be changed
and hence the value of pé. The pé values would be the lowest
for the 'freeze-thaw' samples, followed by the 'fully-softened'
samples. The lower values of pé for these samples when used
for normalization may raise their low stress strength envelopes
back up to the 'undisturbed' envelope. This consideration
only developed in the final stages of preparation of this

thesis, and no testing on this point was possible.



5-B.4 Undrained Shearing Behaviour

5-B.4.1 Stress-Strain Behaviour

Stress-strain results for the undrained shearing
tests have been presented in section 4.4.1. It was shown
in that section that sample T402 (Figure 4.19) had a typi-
cally normally consolidated behaviour, whereas the 'undis-
turbed' samples (T407, T408, T416) (Figures 4.20 to 4.22)
and 'fully-softened' samples (T409, T411, T413) (Figures
4.23 to 4.25) behaved in a typical overconsolidated fashion.
In all these tests, the samples' stress-strain behaviour was
brittle or strain-softening. The deviator stress and pore-
water pressure reached a peak at relatively low strains,
after which they both fell off abruptly to a lower value.
The degree of’overconsolidation was also reflected by the
decrease in the porewater pressure. The porewater pressure
dropped off to a lower value for samples having higher over-
consolidation ratio, that is, for samples consolidated to a
lower stress level. It should be noted that for samples
consolidated to the same stress level, the porewater pressure
for the 'undisturbed' samples dropped off to a lower value
than the 'fully-softened' samples. This could imply that

the structure of the 'fully-softened' samples had been modi-

fied, and thus they behaved in a less overconsolidated fashion.

Section 4.4.1 also pointed out that the behaviour
of the 'freeze-thaw' samples was intermediate between nor-

mally consolidated and overconsolidated behaviour. The



- 71 -

(01-03)/20ic, Gi/cé Vs eq plots (Figures 4.26 to 4.28) showed
normally consolidated behaviour while the Au/ciC Vs €4 plot
showed overconsolidated behaviour. This suggests that dis-
turbance cause structural changes in the clay, creating a
'young' structure. However, some reserve resistance still
exists in the clay perhaps due to remnants of cementation,
and this is reflected in overconsolidated porewater pressure
behaviour. The structural modification of the 'freeze-thaw'
samples is greater than the 'fully-softened' samples, as
indicated by the reconsolidation and the stress-strain be-
haviour. Figures 5.3 and 5.4 show the structure of the
'fully-softened' and 'freeze-thaw' samples after failure.

A nuggety structure was generally observed for the 'freeze-
thaw' samples. However, higher consolidation pressures tended
to close the nuggets. Typical 'fully-softened' and 'freeze-
thaw' samples after failure are shown in Figures 5.5 and 5.6.
It should be noted that the failure plane was rather clearly

defined for both the 'fully-softened' and 'freeze-thaw'

samples.

5-B.5 'Af' Parameter

Skempton's (1954) parameter 'A' is one of the most
widely used porewater pressure parameters, and is known to
be considerably affected by stress history. Henkel (1956)
showed that the A-value at failure (Af), is highly dependent
on the overconsolidation ratio in general. Figure 4.35 shows

the variation of Af with overconsolidation ratio for the
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Winnipeg clays. Also included in this figure are results
obtained by Henkel (1956) and Crooks (1973) for remoulded
Weald clay, and Belfast estuarine clay at the Kinnegar and
Holywood sites respectively. The variation of Af with OCR
for the 'undisturbed' samples from the present study follows
the expected pattern, that is the value of Af decreases with
increasing degree of overconsolidation. However, Af values
for the 'fully-softened' and 'freeze-thaw' samples do not
follow the general trend. Their behaviour has been described
earlier in section 4.4.3. These results indicate that maxi-
mum Af values occured at OCR of about 6 to 7. The Af values
for 'freeze-thaw' samples were the highest followed by the
'fully-softened' and 'undisturbed' samples. Therefore
greater sample disturbance would be expected to create higher
Af values and the sample would tend to behave towards the
normally consolidated fashion. This has also been shown
earlier for the stress-strain behaviour in section 5-B.4.
Moreover, the Af values for the 'freeze-thaw' samples are
rather constant which could imply that for highly disturbed
samples the Af values would be constant and independent of
OCR. This is in contradiction with Henkel's results (1956).
Further research using remoulded samples is required to in-
vestigate this point. Finally, the pé values for the 'fully-
softened' and 'freeze-thaw' samples may not be correct as
discussed earlier in section 5-B.3. Lower values of pé would
reduce the OCR for these samples. The Af values may then be

in better agreement with the undisturbed samples.




5-B.6 Strain Rate Effects

Results for strain rate effects have been presented
earlier in section 4.4.5. The Po.1 values obtained from
relaxation tests (range from 5.9 to 10.1 per cent) for the
present study are lower than those obtained by Lew (1981)
who measured °0.1 values ranging from 11 to 12.2 per cent.

In comparing his results with earlier values by Noonan (1980),
Lew pointed out that the relaxation tests for his study were
performed at axial strains closer to the failure strains

(that is, €, at (gl- )}, and therefore show higher strain-

1
rate effects. The samples are markedly strain softening.

0S)max

Perhaps for this reason, the Po.1 values determined by the
relaxation tests and step-changing tests in the present study
are not equal. The Po.1 values from relaxation tests are
consistently lower than those from the step-changing tests.

The average Po.1 value determined at large strains
(al = 12 per cent) using step-changing techniques is about
6 per cent. Strain rate effects become therefore less sig-
nificant with increasing axial strain.

Previous work summarized by Graham (1979) has
suggested that the po 1 Parameter is related to the plasti-
city index of a clay. The value of pg.q versus plasticity
index for these tests have been plotted along with other
data from Graham (1979) and is shown in Figure 5.8. This
data suggests that no simple relationship exists between

fo.1 and Ip



5-B.7 USALS
LaRochelle et al. (1974) showed that the USALS

(undrained strength at large strains) approach offered some

potential as a means of analyzing the stability of embankments

on soft sensitive clay foundations. USALS obtained from the
present study for the 'undisturbed', 'fully-softened' and
'freeze-thaw' samples are tabulated in Table 4.8. These
results are also presented in Figures 4.31 to 4.33. The
USALS values are very close to the normally consolidated
Coulomb Mohr envelope (Critical State line) for all the 'un-
disturbed', 'fully-softened' and 'freeze-thaw' samples.

Since USALS is recognized as resulting from the
sliding friction between particles, it should therefore be
expected to be independent of sample disturbance. Lefebvre
(1980) demonstrated this point by performing the same test
on intact and pre-cut samples. The shear resistance on the
pre-cut plane was gradually mobilized as axial deformation
occured, and at large deformation became more or less equal
to the post-peak strength. USALS obtained from the present
study agrees with this concept.

Rivard and Lu (1978) studied the case histories of

failure of water-retaining structures on highly plastic clays.

Using the normally consolidated strength as suggested by

Skempton and Hutchinson (1969), they obtained a more reliable
prediction of the in-situ stability condition. They further
suggested that for highly plastic clay soils with structural

discontinuities, slopes and embankments should be designed
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using the normélly consolidated strength, rather than the
intact strength of the clay. Their study also includes
natural slopes in Lake Agassiz clay. It is interesting to
observe that the USALS obtained for the present study are
very close to the normally consolidated strength. These
results suggest that the USALS method proposed by LaRochelle
(1974) could be valuable for prediction of slope stability
of the weathered Lake Agassiz clay, as implied by Rivard
and Lu (1978).

The (01-0 and USALS for the 'undisturbed',

S)max
'fully-softened' and 'freeze-thaw' samples are also plotted
in Figure 5.3. It should be noted that the 'Isotropic Nor-
mally Consolidated Line', 'One-Dimensional Normally Consoli-
dation Line' and the 'Critical State Line (CSL) are proposed
by Graham, Noonan and Lew (1982b) based on previous results
obtained for the Winnipeg clay. The USALS obtained for the
fundisturbed' samples are close to the CSL. For samples
failing on the left hand side of the CSL, 0! values move

oct

to the right from the (ol-o position towards the CSL

S)max
until they reach USALS. For samples failing on the right

: '
hand side of the CSL, Olet S)ma

to the left towards CSL. This agrees with the critical

moves from the (ol-o X position
state soil mechanics concept (Atkinson and Bransby, 1978).
The USALS values lie close to the CSL in the stress space
shown in Figures 4.32 and 4.33, but lie below it in the

specific volume, log(céct) space in Figure 5.3. This has
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also been observed in tests on remoulded overconsolidated
clays, and is due to the non-uniformity of straining that
occurs when failure planes develop in overconsolidated
samples. Stresses on these planes can be measured. Only
average strains or specific volume changes can be measured
over the sample as a whole. Differences in Géctvvalues
between (Ol-OS)max and USALS conditions decrease from

'undisturbed' to 'fully-softened' samples, followed by

'freeze-thaw' samples. 1In fact, o'

-0
oct values for (01

S)max
and USALS conditions are almost the same for the 'freeze-
thaw' samples.

Conclusions and suggestion for further research

will be presented in the next chapter.




CHAPTER 6

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH

6.1 CONCLUSIONS

1.

The influence of time effects on the precon-
solidation pressure (pé) were examined by means
of non-standard oedometer tests like those per-
formed by Tavenas et al. (1977). The results
show that the preconsolidation pressure (pé)
decreases with increasing load duration. This
confirms the findings by previous researchers
(Bjerrum, 1967; Tavenas and Leroueil, 1977).
Strain rate parameter Ng 1 defining the rela-
tionship between pé and strain rate was found
to be 3.6 per cent. This is considerably lower
than the normal range of No .1 (10 to 20 per
cent) proposed by Graham et al. (1982).
Strain-controlled oedometer tests also indicate
that pé is strain-rate dependent. Higher values
of pé are obtained for higher strain rates.
Disturbance caused by subjecting the samples

to 'freeze-thaw' procedures is greater than
that caused by 'fully-softened' procedures.

The low stress strength envelope at 36 kPa

< o1 . < 117 kPa is curved rather than straight and

U1c

rather lower than the envelope proposed by




Baracos et al. (1980).

The low stress strengths for the undisturbed
samples are higher than those measured from
samples after 'fully-softened' and 'freeze-
thaw' procedures. The low stress strength
envelopes for these samples are parallel to

each other.

Undrained Strength at Large Strains (USALS)
(LaRochelle et al., 1974) for the 'undisturbed',
'fully-softened' and 'freeze-thaw' samples are
very close to the normally consolidated Coulomb-
Mohr parameters, c' and ¢' = 4 kPa and 17.5°

respectively.

6.2 SUGGESTIONS FOR FURTHER RESEARCH

1.

The time-dependent aspects of the YLIGHT model
on yielding has been investigated in this study,
using drained stress-controlled triaxial tests.
No firm conclusions can be drawn from the
limited number of tests performed in the present
study. The author recommends further testing
of this type to confirm the shrinkage or de-
generation of the yield envelope with time.

In the present study, the method of inserting
intermediate stress points which involves re-
ducing both the load duration and load incre-

ment by half of the original values, was used
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to increase the sensitivity of the tests around
the expected yield stress level. This method
deserves further study. An investigation could
be conducted with samples stressed along the
same stress path. In one test, the sample
could be stressed in five increments with one-
day load duration to a certain stress level;
whereas in the second test, both the load in-
crement and load duration are reduced to half
of the original values to reach the same stress
level.

Further strain-rate controlled oedometer tests
should be performed on the Winnipeg clay.

These tests should be run under a back pressure
of approximately 200 kPa in order to ensure
complete saturation and freedom from compliance
effects in the porewater pressure measurements.
Standard one-dimensional oedometer tests should
be performed on 'fully-softened' and 'freeze-
thaw' samplés to further confirm the pé values
for these samples. Thus the normalized yield
stresses and the overconsolidation ratio for
these samples can be made more meaningful.
Strain-rate effects on the undrained shear
strengths and pé require further study. The
strain-rate parameters (90.1 and nO.l) values

obtained at the same axial strain using the
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relaxation and step-changing techniques should
be carefully compared.

Early 'quasi-yield' behaviour was observed for
drained stress-controlled tests in the over-
consolidated region. Further research into
this area is required to understand better the
stress-strain behaviour of Winnipeg clay in
the overconsolidated region. Also interpreta-
tion of yield stresses in the overconsolidated
region requires further examination.

Further attention should be paid to the aniso-
tropy and elasticity of the soil before yield.
Further work should be done to examine the
Bulk Modulus K and Shear Modulus G of the clay.
Work using remoulded Winnipeg clay samples is
required to develop the classical Critical
State Soil Mechanics parameters for this clay,
and to allow comparisons with the modified

Cam-clay model.
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TABLE 2.1 BASIC SOIL PROPERTIES

Test No. ' T401  T402  T403 TA04 TAO5 T406 TA07 TA08 TA09 TA10 T4l
State Undisturbed 'Fully-Softened'
Test Type CAD(U) CAD(U) CAD CAD CAD CAD CAU CAU CAU CAD CAU
Borehole No. 6 6 6 6 6 6 6 6 6 6 6
Block Sample No. 3 3 4 4 4 3 3 1 1 1 1
Depth (m) 11.6  11.6  11.6 11.6 11.6 11.4 11.4 11.4 8.7 8.7 8.7
Inégiiénfb%gfure 55.1  55.9 56.5 57.8 59.3 57.5 59.7 58.1 50.2 51.3 51.4
Final Moisture 45.8 509  61.1 53.6 58.4 61.8 63.0 60.8 53.8 63.1 52.6
Content (%) * : : : * : :
Liquid Limit (%) 72,2 80.4 74.8 80.2 74.5 76.8 81.4 77.8 70.0 72.0 69.2
Plastic Limit (%) 26.9  29.2  25.2 27.6 26.3 24.4 28.4 26.5 25.6 26.3 26.9
Plasticity Index (%) 45.3  51.2  49.6 52.6 48.2 52.4 53.0 G51.3 44.4 45.7 42.3
Clay Content (%) 66.5  66.0 65.0 66.0 67.0 66.0 71.0 68.5 63.5 61.0 66.0
Specific Gravity 2.77 2.80 - - - - 2.93  2.74 2.80 - -
Unit Weight (kN/m3) 16.6  16.6  16.5 16.5 16.5 16.6 16.5 16.4 17.2 16.9 17.0
Sensitivity 3.0 2.85  2.83 2.81 2.96 3.19 3.19 2.95 2.84 2.96 2.60

- Not obtained for this test

..Vg-



TABLE 2.2

BASIC SOIL PROPERTIES

Test No. T412 T413 T414 T415 T416 T417 T418 TA19 T420 T421 T422
State 'Fully-Softened’ '"Undisturbed’ 'Freeze-Thaw'

Test Type CAD CAU  CAD CAD CAU  CAD CAU CAD CAU CAD CAU
Borehole No. 6 6 6 6 6 6 6 6 6 6 6
Block Sample No. 1 2 2 4 4 4 2 2 2 1 1
Depth (m) 8.7 8.7 8.8 1.4 11.4 11.4 8.8 8.8 8.8 8.8 8.8
Iné§i§2n¥°%§§ure 50.9 52.2  50.2 59.7 58.8 57.4 49.5 48.8 49.4 51.2 51.4
Figg;tfgisﬁg§e 54.2  56.1 54.7 58.9 58.9  65.9 47.1 433 42.5 42.9  40.5
Liquid Limit (%) 71.8 80.4 - 83.8 87.3 84.7 6.6 - - - 823
Plastic Limit (%) 2.9 23.7 - 27.9 28.7 26.8 27.0 - - - 25.0
Plasticity Index (%)  46.9 56.7 - 55.9  58.6 57.9 49.6 - - - 57.3
Clay Content (%) 61.0 65.0 64.0 68.0 66.0 68.0 - - - - -
Specific Gravity - 2.811 - - - 2.760 - - - - -
Unit Weight (KN/m3)  17.0 16.9 17.1 16.3 16.4 16.3 7.2 17.3 17.2 17.1 17.0
Sensitivity 2,78 2.75  2.47 270 3.35 2.82 2.24  2.96 - - -

- Not obtained for this test

-Sg-



TABLE 2.3 TEMPERATURE, DURATION AND NUMBER OF FREEZE-
THAW CYCLES FOR 'FREEZE-THAW' SAMPLES

Sample Number T418 T419 T420 T421 T422
Freezing Temperature °c) -5 -5 -5 -25 -25
Thawing Temperature (°C) 25 25 25 20 20
Average Freezing Duration (Hrs) 12 12 12 48 48
Average Thawing Duration (Hrs) 12 12 12 48 48
Number of Freezing and Thaw Cycles 5 5 5 6 6

- 98



TABLE 3.1

TRIAXTAL CONSOLIDATION RESULTS FOR RESTRESSING TO IN-SITU STRESSES

Test No. T401 T402 T403 T404 T405 T406 T407  T4n1T 422"
p.* (kPa) 118.4  118.4  118.4  118.4  118.4  117.0  117.0  89.0 92.9
o (kPa) 118.7  118.9  118.9  118.8  117.8  116.9  117.8  88.8 93.0
o). (kPa) 77.2 77.2 77.3 77.2 76.9 75.9 76.7  57.4 60.2
pL** (kPa) 241 241 241 241 241 241 241 400 400
01./Pg 1.0 1.0 1.0 1.0 0.99 1.0 1.01 1.0 1.0
p./o} 2.03 2.03 2.03 2.03 2.05 2.06 2.05  4.50 4.30
oy Jol. 0.65 0.65 0.65 0.65 0.65 0.65 0.65  0.65 0.65
e (9) 1.56 1.51 1.50 1.25 1.47 1.48 0.95  3.82  10.58
ez (3) 0.22 0.28 0.12 0.36 0.24 0.36 0.23  1.15 1.62
eye (8) 2.00 2.06 1.73 1.98 1.96 2.20 1.42  6.13  13.82
v (aav/m3) 17.5 17.5 17.5 17.5 17.5 17.5 17.5  16.7 17.0

* Based on GWT at 3.0 meters

** Based on one dimensional oedometer tests by Lew (1981)

+ 'Fully-Softened' sample

++ 'Freeze-Thaw' sample

# Ysat for calculating pé

'1.8'



TABLE 3.2

TRIAXTAL CONSOLIDATION RESULTS AT THE END OF STRESS-CONTROLLED TESTING

FOR UNDISTURBED SAMPLES

Test No. T401  T402° T403" 1404 T405"  T406™° Ta07""  T408 T415"  T416 Ta17"
p." (kPa) 118.4 118.4 118.4  118.4 118.4  117.0  117.0 117.0 117.0 117.0 117.0
o1 . (kPa) 482.4 326.8 272.7  268.9 122.1  120.6 117.8  78.0 115.3 39.4  35.4
o}, (kPa) 441.4 285.4 128.7  128.7  43.8 39.8 76.7  50.7  31.9  26.0 3.7
o4./0}. 0.91 0.87 0.47  0.48 0.3  0.33  0.65 0.65 0.28 0.66 0.10
1. (%) 6.84 4.23  6.33 7.77  2.31 2.00 0.95 0.47 2.06 -0.36  0.61
e5. (%) 3.15 1.71 -1.06 -1.30 -0.13  -0.19 0.23 0.10 -0.63 -0.22 -1.64
eye (%) 13.14  7.66 4:22 5.17 1.77  1.62 1.42 0.67 0.80 -0.80 -2.67
¥ (kN/m3) 175 175 17.5 17.5  17.5 17.5 17.5  17.5 17.5  17.5  17.5

* Based on GWT at 3.0 meters

+ Sample failed in drained shear at the value shown

++ Sample consolidated to in-situ stresses only

o Sample with 5 days load increment duration

# Ygat

for calculating pé

-88_



TABLE 3.3

TRIAXTAL CONSOLIDATION RESULTS AT THE END OF STRESS-CONTROLLED TESTING

FOR 'FULLY-SOFTENED' AND 'FREEZE-THAW' SAMPLES

'Fully-Softened' Samples

'Freeze-And-Thaw' Samples

Test No. T409 T410*  T411**  T412%  T413  T414% T418 T419% T420  T421%  T422**
pé* (kPa) 89.0 89.0 89.0 89.0 89.0 90.2 93.4 94.2 93.4 92.9 92.9
Uic (kPa) 29.7 57.5 88.8 130.2 59.5 96.5 31.6 33.8 61.9 92.5 93.0
O%C (kPa) 19.3 5.4 57.4 36.9 38.5 19.8 20.6 3.2 40.6 24.5 60.2
Oéc/oic 0.65 0.09 0.65 0.28 0.65 0.21 0.65 0.09 0.66 0.26 0.65
€1c (%) 1.54 3.651 3.82 6.21 2.70 4.40 4.30 7.66 7.13  12.24 10.58
€z (%) -0.37 -0.573 1.15 -0.18 0.82 -0.07 0.90 1.37 1.57 0.18 1.62
€yc (%) 0.80 2.51 6.13 5.85 4.35 4,26 6.09 10.41 10.26 12.60 13.82
Y# (kN/m3) 16.7 16.7 16.7 16.7 16.7 16.7 17.2 17.3 17.2 17.0 17.0

* Based on GWT at 3.0 meters

+ Sample failed in drained shear at the value shown

++ Sample consolidated to in-situ stresses only

# Ysat for calculating pé
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TABLE 3.4 YIELD STRESSES FROM DIFFERENT YIELD CRITERIA
FOR UNDISTURBED SAMPLES CONSOLIDATED TO IN-SITU STRESS LEVEL

Test No. T401 T402% T403 T404% T405 T406"

ol Vs e - - 136.0 146 .0 69.9 66 .8
oy
% (6,-05) Vs & - - 136.5 145.5 69.9 66 .8
=
o o' . Vs e 234.0 177.53 142.0 147.5 69.9 66 .8
Ei oct v
. oy Vs €4 211.8 177.3 - - 69.9 66.8
hE _
5 (0,-0,) VS € - - 134.9 142.0 69.9 66.8
S 1793 | A
[a¥

W vs LSSV 217.5 187.7 132.9 142.0 69.9 66.8

Not obtained for this test

*

Sample with 5 day load increment duration

Note: The yield (or limit-state) stresses presented in this table have been

put in terms of Géct along the stress path for the test.
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TABLE 3.5 RESULTS FOR NON-STANDARD OEDOMETER TESTS

Sample C401 C402 C403 C404 C405 C406
Borehole No. 6 6 6 6 6 6
Block Sample No. 3 3 3 3 3 3
Depth (m) 11.6 11.6 11.6 11.6 11.6 11.6
Initial Moisture Content (%) 55.1 55.5 56.6 54.9 55.7 57.4
Initial Void Ratio ej 1.53 1.54 1.58 1.53 1.55 1.60
Axial Pressure 480.4 ’ 377.9 280.4 210.2 150.0 75.0
*
sVR(O.l) 6.15 _ 3,96 2.57 1.69 0.98 0.17
%
eVR(l.O) 8.58 6.04 | 3.36 1.89 1.21 0.18
*
8VR(10.0) 9.32 6.96 3.90 2,07 1.27 0.15
*
Final Moisture Content (%) 46.6 49.1 52.5 53.2 55.0 62 .4
Final Voids Ratio €f 1.30 1.37 1.46 1.48 1.53 1.74
% F3 * &

SVR(O.I), EVR(l.O), EVR(lO.O), €VYR(100.0) are vertical strains after 0.1 day,
1.0 day, 10.0 day and 100 days respectively.
Gs 1s assumed to be 2.78
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TABLE 3.6 RELATIONSHIP BETWEEN pé AND LOAD DURATION
FOR THE NON-STANDARD OEDOMETER TESTS

Criteria eyr VS 0% eyr VS 1ogob
Load Duration (Hrs) 2.4 24 240 2400 2.4 24 240 2400
pé (kPa) 249 243 233 225 - 250 239 230
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TABLE 3.7

RELATIONSHIP AMONG €y, Cy, Cc, Cy/Cc AND TIME

FOR THE NON-STANDARD OEDOMETER TESTS

Load Duration = 24 Hrs

Load Duration

Load Duration

'End of Primary’

= 240 Hrs = 2400 Hrs

el %0 oxw0t G o ocr, G c. c/c. @ c cs. % c. c/c
(kPa) (s) (m?/s) (%) (%) (%) (%)

150.0 1080 2.95 0.38 0.088 0.043 0.21 0.095 0.022 0.21 0.1 0.021  0.21 0.087 0.024
210.2 600 5.22  0.41 0.12 0.034  0.30 0.14 0.021 0.30 0.16 0.019  0.30 0.087 0.035
280.4 1980 1.55  1.92 0.30 0.064 1.00 0.37 0.027 1.00 0.43 0.023 1.00 0.32 0.031
377.9 5100 0.58 3.42 0.53 0.065 1.61 0.60 0.027 1.61 0.63 0.026 1.61 0.59 0.027
480.4 3900 0.70 3.0l 0.62 0.049 1.20 0.58 0.021 1.20 0.57 0.021 1.20 0.63 0.019

_96_



TABLE 3.8 CRS OEDOMETER TEST RESULTS

Sample C407 C408 C409 C410
Borehole No. 6 6 6 6
Block Sample No. 3 3 3 3
Depth (m) 11.4 11.4 11.4 11.4
Initial Moisture Content (%) 57.7 58.0 56.9 55.6
Strain Rate (mm/min) 0.0010 0.0036 0.0002 0.0006
*
pé (kPa) 396 383 285 328

L B : s 1
P, 1is defined using the eyr VS Oy plot
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TABLE 4.1 TRIAXIAL RECONSOLIDATION RESULTS FOR LOW STRESS TESTS (UNDISTURBED SAMPLES)
Test No. T407 T408 T415 T416 T417
p'* (kPa) 117.0 117.0 117.0 117.0 117.0

(o)

0}, (kPa) 117.8 78.0 78.0 39.4 38.8
o}. (kPa) 76 .7 50.7 50.8 26.0 25.3
p'** (xPa) 241 241 241 241 241

1 ]
ot /p! 1.01 0.67 0.67 0.34 0.33
pL/o]. 2.05 3.09 3.09 6.12 6.21

) 1]
ok /ol 0.65 0.65 0.65 0.66 0.65
1. (9 0.95 0.47 0.67 -0.36 -0.076
es. (3) 0.23 0.10 0.05 -0.22 -0.14
eye (%) 1.42 0.67 0.77 -0.80 -0.36
v¥ (xN/m3) 17.5 17.5 17.5 17.5 17.5

* Based on GWT at 3.0 meters
*% Based on one-dimensional oedometer tests by Lew

3 \
# Yeat for calculating PS

(1981)
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TABLE 4.2  TRIAXTAL RECONSOLIDATION RESULTS FOR LOW STRESS TESTS ('FULLY-
- SOFTENED' AND 'FREEZE-THAW' SAMPLES)

'FULLY-SOFTENED' SAMPLES ' FREEZE-AND-THAW' SAMPLES

Test No. T409  T410  T411  T412  T413  T414 T418  T419  T420  T421  T422
p.* (kPa) 89.0 89.0 89.0  89.0  89.0  89.0 93.4  94.2 93.4 92,9  92.9
ol (kPa) 29.7 29.6 8.8 89.1  59.5  59.5 31.6 32.1 61.9 62.0  93.0
oy. (kPa) 19.3  19.1 57.4 57,9  38.5  38.5 20.6  21.0 40.6  40.2  60.2
pé** (kPa) 400 400 400 400 400 400 400 400 400 400 400
o) /PY 0.33  0.33 1.0 1.0 0.67  0.67 0.3 0.3  0.66 0.67 1.0
pL/o}e 13.5 13.5  4.50 4.50  6.72  6.72 12.7  12.5  6.46  6.45  4.30
oy /o) 0.65 0.65 0.65 0.65 0.65  0.65 0.65 0.65 0.65 0.65  0.65
epc () 1.54 1.22 3.81  3.64 2.70  2.53 4.30 6.13 7.28  8.02 10.58
€2 (%) 0.54 0.38 1.16 1.05 0.83  0.78 0.89 0.96 1.50 1.63  1.62
e (9) 2.62  1.98  6.13  5.75  4.35  4.10 6.06 8.04 10.26 11.28 13.82
vh gay/m3)  16.7  16.7  16.7  16.7 16.7  16.7 17.2  17.3  17.2 17.0  17.0

* Based on GWT at 3.0 meters
** Based on pé vs Depth - Figure 6.7 in Lew's thesis (1981)

# oy for calculating pé

sat
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TABLE 4.3 QUAST-YTELD STRESSES FROM DIFFERENT YIELD CRITERIA
FOR LOW STRESS TESTS

'Undisturbed’ 'Fully-Softened' 'Freeze-Thaw'
Test No. T415 T417 T410 T412 T414 T419 T421
ol Vs e; 58.8 - 32.2 75.2 63.9% - 45.0
=
o
+ %
g (01 03) Vs €1 58.5 - 32.0 77.0 65.5 23.0 44 .6
5 ' - 24.9 - - - - -
9 Ohet VS €y .
b . 25.1
3 03 Vs €2 - 5. 32.0 - 58.2 - 46.1
o
E (01-03) VS ¢ 57.8 23.3 33.0 79.0 56.2 22.8 45.0
WT vs LSSV - 25.0 30.8 73.8 54.0 23.5 45.5

* Not included in averaging
- Not obtained for this test

Note: The yield (or limit-state) stresses presented in this table have been put
in terms of (01—03) along the stress path for the test.
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TABLE 4.4 SUMMARY OF UNDRAINED SHEAR TEST RESULTS
Undisturbed Fully-Softened Freeze-Thaw
Test Number T416  T402 T407 T408 T409 T411 T413 T418 T420 T422
Test Type CAU CAD(U) CAU CAU CAU CAU  CAU CAU CAU CAU
Borehole Number 6 6 6 6 6 6 6 6 6 6
Block Sample Number 4 3 3 1 1 1 2 2 2 1-
Depth (m) 11.4  11.6 11.4 11.4 8.7 8.7 8.7 8.8 8.8 8.8
p)" (kPa) 117.0 118.4 117.0 117.0 89.0 89.0 89.0 93.4 93.4 92.9
0} (kPa) 39.4 326.8 117.8 78.0 29,7 88.8 59.5 31.6 61.9 93.0
oy /o1 0.66 0.87 0.65 0.65 0.65 0.65 0.65 0.65 0.66 0.65
o]c/?) 0.3 2.76 1.01 0.67 0.33 1.0 0.67 0.34 0.66 1.00
o1 /pL™ 0.16 1.36 0.49 0.32 0.08 0.22 0.15 0.08 0.15 0.23
(07-05) /2,5y (kPa) 35.9  86.0 49.8 44.8 28.4 47.0 33.9 16.4 27.3 37.9
(0,-05)/208 . 0.91 0.26 0.42 0.57  0.96 0.53 0.57 0.52 0.44 0.41
oy 8t (07-05)/2 ,  (kPa) 41.2 230.0 80.8 59.6 28,7 70.1 41.5 19.4 39.5 59.4
e at (07-09)/2 (%) 1.99  2.58 0.61 1.68 2.94 2.48 1.92 3.14  2.71 5.22
_-(o_i-/(g);n-ax 5.45  2.27 3.08 4.24 9.3 3.61 4.81  4.92 3.62 3.27
gy at (o7/09) . (%) 1.30  4.57 0.61 1.39 1.73 1.88 1.63 3.03 2.71  4.35
Eg, (MPa) 7.8 3.2 18.7 11.8 5.6 8.7 8.8 9.2 11.1 1.43
Ego/(0709)/2 215.4 398 375.6 197.7  196.2 185.1 259.8  575.1 407.1 377.5
Af 0.15 0.84 0.47 0.32 0.18 0.20 0.38 0.53 0.56 0.52
B (%) - 98 97 98 100 99 98 99 98 98 97
m = Au/Ao__, 1.54 2.0 1.61 1.47 1.43  1.72 1.92 1.67 1.82 1.67
Py 1 2t € (%) 5.91  9.57 6.12 7.09 7.44 7.98 8.04 10.0 7.57 7.17
€p (%) 2.53  3.52 1.22 2.26 3.40 3.02 1.86 2.66 3.72 5.93
Initial Strain Rate 0.92 0.92 0.93 0.93  0.92 0.93 0.92  0.98 1.02 1.09
e (%/hr) :
Y (N/m3) 17.5  17.5 17.5 17.5 16.7 16.7 16.7 7.2 17.2  17.0

* Based on GNT at 3 meters at y,,, = 17.5 KN/m>

*& p(':
Pc
# Ysat

241 kPa for samples at 11.4 - 11.6 meters
400 kPa for samples at 8.7 - 8.8 meters
for calculating pc')



TABLE 4.5 COMPARISON OF Af.AND m VALUES FOR OVERCONSOLIDATED 'UNDISTURBED',
'FULLY-SOFTENED' AND 'FREEZE-THAW' SAMPLES

State UND.* F.S.* F.T." UND.* F.S.* F.T.} UND.* F.S.* F.T.*
o} /P! 0.34 0.33 0.34 0.67 0.67 0.66 1.01 1.00 1.00
Test No. T416 T409 T418 T408 T413 T420 T407 T411 T422
Ag 0.15 0.18 0.53 0.32 0.38 0.56  0.47*% 0.29 0.52
Af* %) 100 120 353 100 119 175 100 61.7 111
m 1.54 1.43 1.67 1.47 1.92 1.82 1.61 1.72 1.67
m* (%) 100 92.9 108 100 131 124 100 107 104

+ UND., F.S. and F.T. stands for 'Undisturbed', 'Fully-Softened' and 'Freeze-Thaw' samples
respectively

* Percentage value of Af referred to corresponding Af for undisturbed sample at same Gic

*% This value appears high. Similar results from Lew (1981) and Noonan (1980) suggests
A; for o}  =p' is 0.35
£ 1c o}
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TABLE 4.6 VALUES OF STRAIN RATE PARAMETER DO 1 FOR VARIOUS
AXTAL STRAINS FROM RELAXATION TESTS
'Undisturbed'
Sample T402 T407 T408 T416
€y (%) 3.52 7.77 10.93 1.22 2.26 2.52 4.91 8.63
0.1 e €, (%) 9.6 3.0 2.9 6.1 7.1 5.9 2.5 2.9
'Fully-Softened’ 'Freeze-Thaw'
Sample T409 T411 T413 T418 T420 T422
€1 (%) 3.41 6.82 10.26 3.02 5.99 8.30 12.1 1.86 3.82 8.84 2.66 3.72 5.93
0.1 @ € (%) 7.4 4.1 2.4 8.0 3.2 3.1 2.2 8.0 3.1 4.2 10.0 7.6 7.2
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TABLE 4.7

AXTAL STRAINS FROM STEP-CHANGING TESTS

VALUES OF STRAIN RATE PARAMETER Po.1 FOR VARIOUS

'Undisturbed’

'"Fully-Softened’

'Freeze-Thaw'

Pp.1 at €1 (%)

pO.l at €1 (%)

90.1 at 61 (%)

e, (%) T402 T407 T408  T416 T409  T411  T413 T418  T420  T422
4 11.5 - - - - - - - - -
5 - 4.1%  11.0 - 10.5 6.6 - - - -
6 10.3 6.3 - - - - 6.3 - 8.9 -
8 4.3 - 6.8 7.7 - - - 9.9 - -
9 - - - - 10.3 - - - - -

10 - 6.1 - - - - - - 5.1 6.7
11 - - - 5.8 - 9.9 - - - -
12 - 5.9 5.9 - - - 6.3 10.9%% - -

- Not included at this strain
* This value appears low

** This value appears high
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TABLE 4.8

END OF TEST VALUES FOR UNDRAINED SHEAR TESTS

'Undisturbed’ 'Fully-Softened' 'Freeze-Thaw'
Sample No. T402 T407  T408 T416 T409 T411 T413 T418 T420  T422
(01-03)/20iC 0.15 0.26 0.29 0.58 0.50 0.30 0.34 0.36 0.303 0.25
oi/og 1.66 1.90 1.85 2.1 2.20  1.95 2.07 0.26 2.25 1.95
Au/oq 0.41 0.42 -0.085 -0.36 -0.19 0.0 -0.02 0.22 0.21 0.14
Depth (m) 11.6 11.4 11.4 11.4 8.7 8.7 8.7 8.8 8.8 8.8
pé* (kPa) 118.4 117.0 117.0 117.0 89.0 89.0 89.0 93.4 93.4 92.9
oj. (kPa) 326.8 117.8 78.0 39.4 29.7 88.8 59.5 31.6 61.9 93.0
oéc/cic 0.87 0.65 0.65 0.66 0.65 0.65 0.65 0.65 0.66 0.65
Uic/pé 2.76 1.01 0.67 0.34 0.33 1.00 0.67 0.34 0.66 1.00
0her (KP2) 182.9 89.2 72.0 57.5 35.2 74.0 52.1 21.8 42.8 63.4
v 2.59 2.56 2.62 2.43  2.40 2.45 2.20 2.10 2.07
Y# (kKN/m3) 17.5 17.5 17.5 17.5 16.7 16.7 16.7 17.2 17.2  17.0

* Based on GWT at 3.0 meters

3 !
# Ysat for calculating P,
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TABLE 5.1  RELATIONSHIP BETWEEN SPECIFIC VOLUME (v) AND Oéct DURING SAMPLE
RECONSOLIDATION FOR UNDISTURBED SAMPLES TAKEN FROM 11.6 m

Test No. T401 T402 T403 T404 T405

pé* (kPa) 118.4 118.4 118.4 118.4 118.4

ei 1.50 1.52 1.54 1.57 1.61

Vi 2.50 2.52 2.54 2.57 2.61

01/P 0.3 0.72 1.00 0.3 0.67 1.00 0.33 0.67 1.0 0.34 0.67 1.0 0.34 0.67 0.99
v 2.50 2.47 2.45 2.52 2.49 2.47 2,55 2.52 2.49 2.58 2.55 2.52 2.62 2.59 2.56
olee (KP2) 30.7 63.4 91.0 30.4 60.7 91.1 30.4 61.2 91.2 31.3 60.9 91.1 31.1 60.4 90.5
Test No. T406 T4A07 T408 T415 T416 T417
pg* (kPa) 117.0 117.0 117.0 117.0 117.0 117.0
ej 1.56 1.62 1.58 1.62 - 1.60 1.56
Vi 2.56 2.62 2.58 2.62 2.60 2.56
01/Pg 0.33 0.66 1.00 0.34 0.50 1.01 0.33 0.67 0.33 0.67 0.34 0.33
Vv 2.56 2.53 2.51 2.63 2.62 2.59 2.59 2.56 2.63 2.60 2.62 2.57
0lp (KPa) 29.5 59.4 89.6 30.2 45.0 90.4 29.7 59.8 30.1 59.9 30.5 29.8

- ¢0T -

* Based on GWI at 3.0 meters depth



TABLE 5.2

RELATIONSHIP BETWEEN SPECIFIC VOLUME (v) AND

- 104

oct
DURING RECONSOLIDATION FOR SAMPLES TAKEN FROM 8.2 AND 8.7 m
' UNDISTURBED' SAMPLES AT 8.2 m (NOONAN, 1980)
Test No. T201 T202 T203
py* (kPa) 91.0 91.0 91.0
ej 1.52 1.54 1.54
Vi 2.52 2.54 2.54
a1/Py 0.49 0.71 1.0 0.49 0.71 1.0 0.48 0.72 1.0
v 2,51  2.50  2.48 2.52  2.51 2.49 2.58  2.56  2.54
ol e (KPa) 34.5  49.7  69.9 34.4  49.9  69.8 34.3  49.9  70.1
“VFULLY-SOFTENED' SAMPLES AT 8.7 m
Test No. T409  T410 T411 T412 T413 T414
p(')* (kPa) 89.0  89.0 89.0 89.0 89.0 89.0
e; 1.50  1.54 1.56 1.53 1.56 1.50
vy 2.50  2.54 2.56 2.53 2.56 2.50
ol ./p! 0.35 0.33 0.33 0.67 1.0 0.33 0.67 1.0 0.33 0.67 0.33 0.66
1c’ o
v 2.43  2.49  2.49 2.44 2.40  2.47 2.42 2.39  2.50 2.45  2.45 2.40
ol (KPa) 22.8 22.6 22.6 45.9 67.9  22.7 45.3 68.3  22.8 45.5 23.1 45.5
"FREEZE-AND-THAW' SAMPLES AT 8.7 m
Test No. T418 T419 T420 T421 T422
" (kPa) 93.4 94.2 93.4 92.9 92.9
e; 1.35 1.33 1.35 1.39 1.40
vy 2.35 2.33 2.35 2.39 2.40
01¢/Po 0.34 0.34 0.3 0.66 0.35 0.67 0.34 0.67 1.0
v 2.20 2.14 2.17  2.10 2,21 2.12 2,21 212 2.07
o)y (kPa) 24.3 24.7 4.2 47.7 24,7 47.5 24.3 47,5 T71.1

* Based on GWT at 3.0 meters
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369.2 10.07
369.3 10.21
369.3 10.35
36B.7 10.86
37C.¢ 10.61
370.8 10.9C

- BELAXATION

PEIRYRTICN
RELAYATION
REIRXATION
RPLAYATTON
REIAYATION
RFLAYATION
RELRXATTON
RELAYATION
PPIAXATICH
RELAYATTON

TEST
TEST
TRET
TEST
TEST
TeRST
TEST
TPST
TEST
TEST
TEST

376.9 11.0%
377.% 11,08
377.5% 11.21
376.9 11.50
37€.7 11.79
375.5 12.07
375.3 12.3¢

- 375.1 12,86 ...

375.3 13.23
37¢F.0 13.82
376.8 14.51

316.3
312.5
3711.1
3p8.80
307.0
307.7
309.8
293.9
291.4
290.3
28%8.8
287.0
285.0
282.7
277.7
275.7

250.9
261.5
262.3
262.8
262.9
252.7
261.9
262. 1
262.9
2R3, 4
262.9
263.0
262.9
263.1
261.6
261.3
260.7
260.1
258.5
259.2

246.9
288.1
250.0
252.2
253.3
253.2
253.2

252.8. ...

251.8
250.1
249.1

143.4
148.0
187.8
147.1
18€.9
141.6
154.1
168. 6
170.7
170.6
169,.9
163.5
16%9.1
169. 2
166.4
165.2

147.7
17,0
147.8
1me.7
150.0
151.0
153.2
153.7
154.3
154.7
155.2
155.5
155.8
156.2
157.3
157. 4
157.0
157.8
156.2
155.9

150.0
189.3
149.3
150. 1
150.9
151.1
151.4
151.8
151.2
150. 4
189.8

T86.4

82.2
81.7
80.9
80.1
83.0
77.8
€2.7
60.3
59.9
59.5
58.8
57.9
56.7
5547
55.3

56.5
57.3
57.2
€7.1
56.5
55.9
58.3
54,2
54.3
54.3
53.8
53.8
53.5
53.8
52.1
1.9
51.9
51.1

51.1

£1.7

8.4
4%9.4
50.4
51.0
51.2
51.1
50.9
50.7
50.3
43%.9
49,7

7209

164.5
163.3
161.7
160.1
166.1
185.7
125.3
120.7
119.7
118.9
117.5
115.9
113.4
111.3
110.5

113.2
114.5
1168.5
118.1
112.9
111.7
108.7
108.4
108.6
108.7
107.7
107.5
107.1
106.9
104.3
103.9
103.7
102.3
102.3
103.3

96.9
98.8
100.7
102.1
102.4
102.1
101.8
101.4
100.6
99.7
99.3

20100

202.8
202.2
201.0
200.3
197.0
206.0
210.4
210.9
210.5
209.5
208.7
207.7
207.1
203.5
202.0

185.4
185.2
18€.0
186.7
187.6
188.2
189.4
189.8
190.5
190.9
191.1
191.3
191.5
191.8
192. 1
192.0
191.6
191.9
190.3
190.3

182.3
182.2
182.9
188.1
185.0
185. 1
185.3
185.2
184.7
183.6
182.9

182 -

2.206
2.111
2. 105
2.100
2.090
2.173
2.010
1743
1.707
1.702
1.700
1.693
1. 685
1.670
1.669
1.669

1.766
1779
1.775
1.767
1.753
1.740
1.709
1.705
1.704
1.703
1.694
1.692
1.687
1.684
1.663
1.660
1.661
1.648
1. 655
1.663

1.686
1.662
1.675
1.680
1.679
1.676
1.672
1.670
1.666
1.663
1.663

1.06
1.10
1.1
1.13
1.15
1.13
1.13
1.3¢
T.42
.44
1. 46
1.49
1.53
1.58
1.67
1.71

1.90
1.88
1.86
1.86
1.88
1.89
1.95
1.95
1.93
1.92
1.95
1.94
1.95
1.96
2.02
2.03
2.04
2.08
2.11
2.08

2. 43
2.36
2.28
2.22
2.19
2.19
2.20
2.22
2.25
2.30
2.33




CONSOLIDATIOR AXIAL STRESS 326.80 KPA

PRE~ONSOLYDATYIIN PRFESNHRE = 118,40 FP2
WORMALYZING STRPSS = 326.R0 ¥XPy
- 183 -
WIRYALIZED SAEAR TES™ prepLTe STAR™ 13810730 END 19810803
pr PPR NR¥L 7D NE¥L7D NRYL7D . NRMLZD
ceym MALP DEY ocT CHANGE
STRATN ney STRESS STRFSS IN PWP
STRESS 1 $: ) KPA KPA
KP3
1 0.00 0.064 0.12R 0.909 0.000
2 D, 05 0.112 0.225 0.877 0.068
3 0.15% 0.750 0.299 0.850 0.115
[ 0.25 0.178 0.3%6 0.832 0.152
S n.36 0.198 0.396 0.818 0.179
6 0.4% 0.212 0.824 0.806 0.200
7 0.F1 0.224 0.4u9 0.796 0.219
8 0.75 0.233 0.4F6 0.786 0.234
9 0.9% 0.240 0.4R0 0.778 0.287
10 1.02 0.24F 0.4019 0.770 0.259
14 1.16 0.250 0.499 0.763 0.267
12 1.30 0.253 0.507 0.756 0.276
12 1.43 0.7%6 0.512 0.729 0.285
i1 1.72 0.260 0.520 0.736 0.302
15 2.01 0.262 0.528 0.725 0.212
16 2.30 0.262 0.52¢ 0.714 0.321
17 2.5% .263 0.52¢ 0.70% 0.33%
18 2.88 0.2F2 0.525 0.69u 0.34%
19 3.17 0.262 0.52u 0.68% 0.352
20 3.3 0.2F1 0.%523 0.6R0 N. 355
21 3.4k 0,261 0.522 0.676 0,359
22 3.5? 0.122 0.262 0.F5R 0,295
23 3.u42 0.09Rr 0.197 0.573 0.257
24 .32 0.078 0.155 0.682 0.238
25 3.27 0.10% N.2"1 0.682 0.253
26 2.35 0.747 0.294 0.65%0 0.3172
27 3.45 0.%80 0.3 0.F31 0.354
28 3.55 0.207 0.4%4 0.619 0.384
29 3,66 0.222 D. el 0.612 0.407
0 3,92 0.255 0.511 0.611 0.u423
31 8,20 . 262 0.523 0.615 0.423
2 a,42 0.262 0.%25 0.618 0.422
33 8,57 0.272 0.5L2 0.6%0 0.u25
38 4,70 0.272 0.582 0.¢10 0.435
25 4,81 2.271 0.5u2 0.611 0.434
26 4,92 0.270 0.540 0.612 0.431
37 €. 07 0.2568 0.52¢ 0.6%4 0.420
29 5.17 0.2FF 0.532 0.614 0.1827
39 5.2% N.2FL 0.%29 0.615 0.425
40 5.3% 0.252 0.503 0.621 0.1
41 5.8A 0.250 0.500 0.619 0.812
a2 5.A1 0.2u47 0.u95 0.615 0.u13
u3 5.75 n,245 0.2°0 0.612 0.418
qy 5.97 0.2=0 0.50% 0.603 0.43)
85 .25 0,238 0.876 0.630 0,392
BA .79 0.102 0.37u 0. 604 0.3483
u7 £.92 0. 185 0.3¢F9 0.685 0.342
LE] 6,99 0.183 0.3FF 0.544 0.342
4q 7.058 0.182 0.3y 0.641 0.3481
50 T.16 0.1R0 0.2F0 0.639 0.345
g1 7.38 0.%77 0.3%5 0.626 0.3u%
52 7.80 0.77L 0.3u7 0.63a 0.345
53 7.60 0.170 0. 341 0.623 0.355
54 7.75 0.7F9 0.238 0.618 0.3%3
55 7.90 0.173 0.38¢ 0.567 0.415
56 8.09 0.175 0.350 0.567 0.415
57 [,.24 0.17% 0.350 0.569 0.4118
58 8.55 0.*75 U.3189 0.571 0.411
59 R,82 0.173 0.345 0.574 0.407
A0 9.0k 0.171 0.342 0.576 0.804
1 .21 0.6 0.333 0.580 0.398
f2 Q,25% 0.1KF 0.322 0.581 0.39%
63 9.46 0.166 0.322 0.583 0.390
(13 9,58 0.1FF 2.333 0.584 0.393
65 9.68 0. 165 0.230 0.585% 0.391
(X 9.80 0.785% 0.329 0.586 0.39)
67 9.91 0.1rL 0.32% 0.586 0.389
[X:] 10.08 0.164 0.327 0.587 0.3803
f9 10.07 0.160 0.319 0.588 0.385
70 10,21 0.159 0.318 0.588 0.385
71 10.35 0.159 0.317 0.586 0.385
72 10.46 0,157 0.312 0.587 0.382
73 10. 8% 0.156 0.313 0.582 0.383
T4 10.90 0.158 0.316 0.592 0.390
15 11.01 0.14r 0.296 0.558 0.4039
76 11.0R 0.151 0.302 0.558 0.81)
77 11.21 0.154 0.308 0.560 0.410 -
78 11.50 0.156 0.312 0.563 0.8093 .
79 11.79 0.157 0.313 0.5¢A 0.406
20 12.07 0.156 0.2%3 0.567 0. 404
81 12.36 0.156 0. 211 0.567 0,408
82 12.66 0.155 0.310 0.567 0.403
83 13.23 0.154 0.30%2 0.56% 0,404
8y 13.82 0.15? 0.305 0.5k2 0.405
13 18,51 0.152 0.308 0.560 0.808%



JINIVERSTTY OF MANITORA 184
SNTL MECHANTCS LARORATCRY

SAMPLE NO. = T 46037 HOLP W2, = & DEPTH = 11,30 METRES TO 17,48 METRES
SAMPLE REYGAT RAPTTR CONSDLIDRTION

SAMPLE VOLU®T 8PTER CONSCLINATION
SAWDLF RRER RPTTP CCONSOLIDAT OV

12.887 CENTI®ETRES
577.640 CUBIC CENTIPPTRES
44.R25 SONARE CENTIYETRES

[ i 1]

CORSTANT 103N
PRAVINS RING FETTOR
PISTON AREL

13.93 ¥ .
8.1560 W ./PTY
5.0600 SQUARE CENTIMETRES

"wono

INITIAL DTAL RPZIDING 1866.00 DIVISIDONS

SHFAR TREST RPITLTS cTEP™ 19810903 ERD 19810904

TADRATNEL TPYRYTRAYL TRET

PT TIWF® DISPL PPING PORT PER EPFECT™ EYFECT AALF DEV EFFECT RATIO OF A
DIRY DIRL PRESS CENT SIGHRT SIG™2A3 DEV STRESS ocT EFF SIGPrAT
BTG BIG XPR STRAIN KPA KPA STRESS XPA STRESS EFF SIFXA3
KPR KPA
1 Q88 1966.0 75.3 211.3 0.00 115.3 74,7 20.3 40.6 88.2 1. 541 auooooo
2 1MaS 1°55.0 e7.8 222.7 0.09 124, 9 63.% 30.7 61.4 84.0 1.967 0.5%
3 1215 LA 1.0 2?78.73 0.19 130.5 57.R 3€6.3 72.7 82.0 2.257 0.53
& 1025 1231.0 118.9 231.3 0.27 134.9 58.9 40.0 80.0 B81.6 2.457 0.51
5 1235 1215,5 127.0 23%5,2 0.39 139.4 51.2 4u,1 88.2 80.6 2.722 0.50
6 1085 1802,9 134u.0 236.9 0.ur 143.9 85.3 u7.3 94.6 80.8 2.918 0.47
7 1355 1783,0 130.% 238.7 [ 167.1 7.6 49.8 99.5 80.8 3.091 0.u7
R 111« 1743.4 127.5 221.9 0.95 142.5 54.3 48,1 88.2 83.7 2.624 0.43
9 1130 174, 5 142 22¢€.5 1.1% 135.6 59.R 37.9 75.8 B85.1 2.267 0.43
101 1132 1711.5 112.5 REIAYATIOR TEST . . .
102 1133 1714.2 111.8 BRPLAYA™TIOR T®ST
103 1135 1710.9 110.4 REIAYRA™ICN TEST
104 1139 1710.4 109.2 RELAYATTON TEST
105 1146 1710.1 108.2 PEIRYRATICN TEST
106 12017 1702.2 106.0 FEIAX2™TON TRET
107 1231 1702.2 105.5 PEILXATION TEST
108 1231 170R.5 108.0 RELAYRTION TFST
109 1531 1507.9 102.u REIBYATICN TPST
110 1121 1A35.0 101.5 RTLEYRTINN TEST
111 9=7 1694 .6 o3, 8 REIAXRTION TEST
10 1310 1837.° 10u.6 2232.2 t.48 129.9 63.1 33.4 66.8 85.4 2. 059 0.45
11 1020 1659.8 105.0 222.9 1.60 130.3 63.2 33.5 67.1 85.6 2.061 D.44
12 1340 1578.5 104.2 222.0 1.87 137.3 68,1 33.1 66.2 86.2 2.032 0.42
13 )50 1800, 7 103.9 221.9 2.03 130.1 64.3 32.9 £5.8 86.2 2.023 0.42
18 1100 1586 .2 104.2 222.0 2.17 130.3 64,8 33.0 €5.9 B6.4 2.024 0.42
15 120 15%3.0 104.0 221.0 2.45 130.9 6543 32.8 65.6 87.2 2.004 0.39
16 1140 1507.8 103.8 220.4 2.78 130.4 65.6 32.4 64.8 87.2 1.988 0.38
17 1230 1872.2 103.5 220.3 3.0¢ 130.4 65.6 32.8 . £4.8 87.2 1.987 0.37
m 1220 1832,9 103.5 219,.¢ 3.35 120.8 66,2 32.3 64.6 87.7 1.975 0.35
19 1240 1205,8 04,2 220.8 3.6t 130.2 65.2 32.5 65.0 86.9 1.997 0.37
20 1300 1357.0 103.R 218.7 3.9u 131.3 66.8 32.2 68.5 88.3 1.965 0.31
2% 1320 1322.0 104.0 218.4 4.20 131.6 67.2 32.2 64.4 88.7 1.959 0.30
22 1380 1291 .9 108.6 218.1 8.52 132.8 67.6 32.9 _6u.B 89.2 1.958 0.28
23 1300 1281.5 104.5 217.9 a.85 132.1 67.6 32.2 68.5 89.1 1. 954 0.28
24 1803 1229.8 106.9 218.1 4.98 134, 1 67.6 33.3 66.5 89.8 1.984 0.26
25 1495 1212,.2 106.5 218.1 5.07 133.6 67.5 33.0 66.1 89.5 1.979 0.27
26 1810 1173.5 106.R 218.7 5.37 132.9 66.7 23.1 66.2 8s.8 1.992 0.29
27 1415 1v33,5 108.2 216.5 5.65 136.3 69.1 33.6 6§7.2 91.5 1.972 0.20
28 1820 1190.0 107.5 216.3 5.98 135.7 69. 8 33.2 66.3 91.5 1.956 0.19%
29 1825 1)848.5 108.5 216.7 6.22 -135.9 -68.9 33.5 67.0 9.2 1.973 0.20
30 1430 102643 109.3 21%.1 6.52 137.8 70.3 33.8 67.5 92.8 1.960 0.14
31 1835 3’7.8 9.9 216.4 .81 136.3 69.3 33.5 67.0 91.6 1. 967 0.19
32 14u0 952.3 109.0 2185.2 7.09 137.0 70.2 33.4 66.8 92.5 1.952 0.15
33 1382 un.8 107.5 21¢.1 T.1% 138.9 69.4 32.8 65.5 91.2 1.94a4 0.19
34 1450 928.,0 107.2 21u.9 7.28 135.7 70.5 32.6 65.2 92.2 1.924 0.15
35 1500 393.5 107.0 218.1 7.82. . 132.3 . 67.4 . 32.4 64,9 89.0 1.963 0.28
26 1520 872.8% 106.0 216.4 T.71 132.8 69.0 31.9 63.8 90.3 1.925 0.22
37 1500 795.3 105, 2 21€.5 8.31 131.8 68.6 31.4 62.8 89.5 1.91% 0.23
38 1620 757.2 104.8 217.0 B.60 130.3 68.1 31.1 62.2 88.8 1.914 0.26
29 1530 735.8 104.8 21€.7 B8.77 130.5 68.4 31.1 62.1 89.1 1. 908 0.25
40 1935 705 .7 107.2 217.3 9.00  131.7 67.7 32.0 64.0 89.0 1.945 0.26
81 1680 567.9 107.2 217.5 9.30 . .131.6 .. 67.8 .. 31.9 . .63.8 89.1 1. 940 0.27
82 1650 590.89 108.2 217.2 9.90 132.1 67.9 32.1 64.2 89.3 1.945 0.25
@3 1700 520.5 108.0 217.4 10.44 131.8 - 67.8 31.8 63.6 89.0 1.938 0.27
ag 1720 362.2 110.8 217.3 11.67 132.6 €7.9 32.4 64.7 B89.5 1.953 0.25
45 1730 292.5 110.0 217.2 12.21 131.7 67.7 32.0 68.0 89.0 1. 946 0.25
a6 1722 272.5 113.% 218.R 12.37 123,3 66.3 33.5 67.0 88.6 2.010 0.28
87 1738 220.5 113.9 218.€ 12.77. 133.3 66 .6 -33.8 66.7 88.8 2.002 0.28
a8 1736 151.6 113.2 219.1 13.30 131.8 66.0 32.9 65.8 87.9 1.997 0.31
49 1732 35,0 113.2 219.6 13,78 131.0 65.5 32.7 65.5 87.3 1.999 0.33
50 1780 39.8 115.0 279.48 14,17 132.2 65.6 33.3 66.6 87.8 2.015 0.31
51 1783 =58.5 114.8 219%9.2 14,93 131.5 65.7 32.9 65.8 87.6 2.002 0.31
52 17485 -114.9 115.7 219.7 1%5.37 131.5 65.3 33.1 66.2 87.4 2.018 0.33
53 1187 =128.5 110.5 217.3 15.48 129.6 67.6 31.0 62.0 88.3 1.918 ‘0.28
54 1750 -134,.0 110.5 217.0 15.52 130.1 6R.1 31.0 62.0 88.8 1.910 0.27
55 1800 =153.3 109.8 216.3 15.K7 139.0 68.7 30.7 61.3 89.1 1.893 0.24
56 1810 -172.6 170.0 21€.4  15.82 130.2 68.8 30.7 61.4 89.3 1.892 0.25

57 1816 -183.0 110.5 216.4 15.90 130.3 68.6 30.9 61.7 89,2 1.900 0.24
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SAYDL® WO, = T 437 HILT wO, = [ DFPTY = 11.30 METRYS TO 17.4F METRES
FONIALIPRTION LYTRYL STRFPSS = 117.80 KPA
DRETOUSILINATTIN PRESSNAF = 210.00 KPA
NOR¥RLTZ TN QTRTES = 117.80 KPA
WOPMALTZ®D SWERR TEST RESHLTS ST™ART 19810903 END 198109014
Ll pPFR NpwL2™ RR¥T1 7D FRNMLZD NR™LZD
~ryn Ha1l F TEY 1CT CHANSE
STRAIV PEV STRFSS eTRVSS IN PHP
S"FTSe R23 KPA KPR
Ko
M 0.10 0.172 0.385 0.749 0.00)
? N.n9 «PR1 0.52* 0.712 0.097
3 0.19 0.30% 0.617 0.60F 0. 144
4 0.27 0.340 0.679 0.692 0.170
5 n, 30 0.374 U.7409 [T 0.2013
6 .48 0.4n1 0.207 0.6R6 0.217
7 0.567 0.u22 0.845 0.69F 0.233
o .95 0.774 0.,7en 0.710 0.175
9 1.18 0.72?2 0.6u3 0.722 0.122
10 T.04 0.2P1 0.567 0.725 0.101
11 1.60 0.2835 0.559 0.72¢ 0.0919
12 .27 0.281 0.5+2 0.731 0.091
13 2.M 0.279 0.5%8 0.732 0.09)
e 2.17 0.280 0.560 0.7323 0.001
15 2.45 0.7278 0.557 0.740 0.0%2
1F 2.7% 0.275 0.550 0.740 0.077
17 .06 0.278 0.5%0 0.7u40 0.074
1R 2,35 0.274 0.5uR 0.7u% 0.071
10 3.64 0.27% 0.552 0.737 0.077
20 3.00 0.274 0.5u7 0.749 0.764
21 4,24 274 0.5u7 0.753 0.0¢10
22 8.572 0.27% 0.5%0 0.757 0.0%8
23 .85 0.274 0.507 0.75h 0.0%5
2u 4,94 0.292 0.565 0.762 0.05%
2% 5.07 0.2R80 0.561 0.760 0.0=2
26 5.37 0.221 0.5¢2 0.753 0.0f3
27 5,65 0.2R% 0.570 0.777 0.%uu
24 5.04 0.282 0.563 0.777 0.042
29 622 N.284 0.549 0.775 0.945
30 652 0.287 0.572 0.788 0.032
21 f.RY 0.2R0 0.569 0.778 0.9042
22 7.99 .2%4 0.567 0.785% 0.033
ER 7.15% 0.278 0.5%6 0.774 0.001
34 7.2% 0.277 0.553 0.783 0.021
25 T.82 0.275 0.5%1 0.754 0.05%
3k 7.7 0.271 0.542 0.76F 0.0u?
7 R.31 0.2RF 0.5332 0.7¢60 0.0u4
2R R.6N 0.264 0.52R 0.754 0.048
39 R,77 0.768 0.527 0.756 0.085
40 9.01 272 0.5u3 0.756 0.051
41 9.30 0.271 0.5u41 0.756 0.053
42 9.09 0.272 0.54% 0.7%% 0.0590
u3 10.460 0.270 0.5u0 0.756 0.052
au 17.87 0.27% 0.5u9 0.760 0.051
85 12.21 0.772 0.504 0.756 0.052
af 12,27 « 298 0.5¢9 0.7%2 0.064
a7 12.77 0.2187 0.557 0.754 0.062 —
48 13.3) 0.279 0.5%8 0.748 0.065
ue 13.74 0.278 0.556 0.741 0.070
&0 14,17 0.272 0.565% 0.7u5 0.069
51 1,97 0.279 0.5%09 0.704 0.0R7
82 15.37 0.281 0.5h2 0.742 0.071
52 15.88 0.267 0.527 0.749 0.0%1
54 15.52 0.263 -526 0.7%4 0.0u%
55 15.87 0.260 0.521 0.757 0.0u42
56 15.92 0.260 0.521 0.758 0.043

57 15.99 0.2F2 0.524 0.757 0.9u43
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ONIVERSTTY 3T NANTTORY
SOTL MECHANICS U3BORPATARY

SAMPLE WO, = T 4)R HOL? N, = A DEPTH = 11.30 METRFS TO 11.88 METRES

SAVPLE HEIGH™ APTEP CONSOLTDATTON
SRMDLE YNLIMT APTER TONSALTNATION

SR¥DLE AREY FrER CONSALINATINN

12.991 CENTI™ETRFS
582,540 CUBIC CENTIMETRES
a4,979 SQUART CENTINETR®S

CAVITANT vAan
PROVING RTNS PAT™AR
PTETOY RLRER

13.92 w
u,15606 N _/nTY
5.0600 SQNRERE CENI'IFFTRTS

TRTTILL DTAY REANIWG

1930.80 DIVISTOINS

SHERR mPeT RTIOLTS STERT  10g1Q0013 ENT 19710914

pT IrIwr nTepy PPTNR pART PFrP BpPEC™ ZPPECT HALP DEV EFFZCT ®ATIO OF A
DT2T nIRT PRFCS CIN"T SIGYA1 SIG®A3 DEV STRESS oCcT EPP SIGEA1
NG RNA XPR2 STRATN XP2 KPy STRESS XPA STRESS EFP SIPMA3
KPa KP2
11025 1930.9 59,0 280,80 0.170 75.0 50, ¢ 12.5 28.9 58. 4 1. 497 gnuuuUuc
2 13n 1935 .4 70.% 286.6 0.04 30.7 45.0 17.9 35.7 56.9 1.794 0.54
3 1310 131%.4 R5.2 2R3,k 0.1¢ 87.0 38.0 24.5 49.9 54.3 2.290 0.53
4 1050 1394 .4 %4.5 257.6 0.28 91.3 33.8 28.8 57.5 53.0 2.703 0.51
S 1130 1373.8 101.0 260,19 0.40 94.9 31.4 31.7 €3.5 52.6 3.021 0.50
& 1110 1260.5 10R, 1 261.6 0.54 3.1 29.9 34,1 68,2 52.6 3.282 0.48
7 1120 1847,.8% 108.9 261.9 0. 68 100.3 29.7 35.3 70.6 53.2 3.376 0.u6
8 1130 232,48 113.5 263,72 0.75 102.9 28.2 37.6 78,7 52.1 3.649 0.u5
Qe 1140 1316.0 116.5 263.8 0.RP 104.9 27.5 38.7 77.4 53.3 3.814 0.44
10 1200 1787 .4 123.8 2648,7 1.1C 110.6 26.7 41.9 83.9 54.7 8.142 0.61
11 12?0 17R3.7 129.2 260.0 1.720 115.9 27.3 au. 88.6 56.8 4.244 0.36
12 1240 1712,0 130.7 261.5 1.F8 11%.4 29.7 44,8 89.7 59.6 8.020 0.32
13 1300 1675.0 12F. 4 257.2 1.97 119.5 38,0 42.8 85.5 62.5 3.516 0.27
14 1318 1A82.0 120.2 2%3.9 222 117.0 37.3 39.9 79.7 63.9 3.137 0.24
1017 1317 16810 114,90 RELUXATICN TPCT
102 1318 1540.9 17.9 BRPIAYATIONR TEST
102 1320 1A80.5 175.8 RELAYATIONR TPem
108 1324 ALL LV | 174.8 RETAYRTION TRET
105 1339 1639,.7 113.0 RELAY2TTON TEST
106 14 1638 ,R 111.2 RPLIAYRTION TPST
197 1816 1622,0 109.5 RFLAXATIOR TEST
108 145% 1R37.1 107.9 RELRAYATION TEST
109 2328 16231,.% 105K RPLEYATIOR TPoT
110 1010 1628.1 108,89 RELAYATION TEST
15 1320 1518,.9 112.8 251.1 2.80 113.0 40.1 36.4 72.9 6.4 2.817 0.21
16 1040 1595.0 4.2 250.3 2.58 114.9 40.8 27.0 74.1 65.5 2.81¢ 0.19
17 1050 1582.73 112.8 289.8 2.69 114, 1 81.5% 36.3 72.6 65.7 2.751 0.19
18 1100 156240 111.5 24E.5 2.84 116.1 42.7 38.7 T1.4 66.5 2.672 0.17
19 1120 ¥523.8 109.9 246.9 3.13 113.2 un .t 3u.4 68.8 67.3 2.550 0.14
20 1140 1481,.9 106, 9 0.4 3.6¢ 112.4 45,7 33.4 66.7 67.9 2.460 0.11
21 1200 1657,.8 105.5 284,77 3.69 1.7 646.3 32.7 65.8 68.1 2.813 0.10

22 1220 100u,n Wmu.S 283.7  B8.0F 111,84 87,9 32.2 68,3 68.5 2.365 0.07



1230
1232
1235
1280
1248%
1250
1255
1330
1320
1340
1400
1420
1430
132
125
1340
1685
1450
1455
1500
1802
1557
16,1{)
1550
1710
1318
1920
1359
1920
13un
2007
2270
2040
21990
2120
21480
2153
21%5
2290
2205
2212
2215
2225

1223 .
137n. %
1353.5
13186
1267.%
12245
194,17
1155,.8
11084
1)R2,5
1039.8
391,85
274.5%
357.0
9285
392 _F
71 3
320,14
784, 0
774,32
T40 1
su3, 2
58n,0
542.5
502.2
475.0
153.2
202,.9
267,85
2193_4
174,0
185,87
7.9
71 o
12,2
-6,5
=20,.2
.30-‘2
=32.9
=110 _ 0O
=160,
175 ,.%
-197 .7

102, 6
106.5
R T
1052
104,2
102.0
101. €
Q9.5
45.6
05,2
93.8
ez, ¢
©3.n
e5.0
oy, R
an,?7
oy 4
Qu, 9
03,2
03.2
91,2
90,2
e0.2
PY. R
RY, 4
8Y.2
RY 1
o I |
B9.1
83,8
rY_&
£9,.%
Y. 5
89,7
99.0
9.9
r9 8
a1, 8
02.2
Q2.2
02.9
Q9.5
90.0

2u3.0
242.7
2u43.3
282.%
202.0
260.8
2u40.0
239.3
238.9
23¢e.7
238.1
237.¢
238.0
238.0
237.5
237.2
236.7
236, 0
235, 6
23E.3
235.1
23¢€.1
235.9
23&t,9
226.1
23€.0
236.0
23¢€.1
235.,9
23%8,9
236.1
22,6
235.7
235.7
235.7
235.7
235.%
23%.4
234,5
234,%
234.1
234.8
224,58

G.21

4.21
g.400
4,7¢
5.11
S5.48
5.67
5.97
6.33
6.60
6.93
7.23
T3¢
T2
T.64
794
8.16
B.49
8.81
Q.06
9.10
9.91
10.40
10.69
10.9¢
11.21
12. 14
12.57
12.85
12,17
12.52
13.74
18,03
14,321
14.61
14,97
15.10
15.16
15.57
15.79
16.1¢€
16.21
16.30

47. 6
47.6
87.7
48.0
49.0
50.2
50. 0
51.6
52.0
51.3
52.6
52.7
52.8
52.8
53.2
52.4
53.9
S4.7
55.2
55.5
55.7
54.7
54.8
55.0
5.9
S4.8
58,9
55.1
55.4
55.4
55.2
55.3
5544
55.%
55. €
55 .8
55.9
55.9
56.8
56.9
57.3
571
56.8

31.7
32.9
32.9
32.3
31.7
30.6
30.8
29.3
27.5
27.3
26.6
26.5
26.1
27.0
26.8
26.7
26.5
26,2
25.8
25.7
2u.9
28.2
24,1
23.9
23.8
23.5
23,2
23.1
23.0
23.2
23.0
22.9
22.8
22.8
22.9
22.7
22.€
23.4
23.5
23.4
23.5
22.6
22.4

634

65.9
65.8
64.6
63.3
61.2
60.8
58.7
55.1
S8.6
53.2
53.0
52.2
53.9
53.6
53.4
53.0
52.5
51.6
51.5
49.7
88.5
48.2
87.7
47.5
46.9
6.4
45.1
45.9
46.3
45.9
45.8
45,7
85.7
45.7
5.5
45.3
46.9
46.9
46.8
a7.1
45,2
44.8

68.7
69.4
69.6
69.5
70.1
70.6
70.3
71.2
70.4
69.5
70.3
70.4
70.2
70.8
71.1
7.2
71.6
T2.2
72.4

2.7
72.3
70.9
70.9
70.9
70.7
70. 4
70.4
70.5
70.7
70.8
70.5
70.6
70.€
70.7
70.8
71.0
71.0
71.5
T2. 4
72.5
73.0
72.2
1.7
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2.332
2.390
2.379
2.345
2.292
2.219
2.216
2.137
2. 059
2.065
2.011
2.006
1.983
2.021
2.008
2.000
1.983
1.959
1.935
1.927
1.892
1. 886
1.880
1. 87
1.866
1.857
1.844
1. 837
1.829
1.836
1.832
1.829
1.824
1.823
1.823
1.815
1.810
1.838
1.826
1.823
1.821
1.792
1.78%

0.07

0.07

0.06

0.05

0.03

0.00
=0.02
=0.04
=0.06
=0.07
«0.10
=-0.11
-0.10
=0.10
=0.11
=0.13
=0.15
=0.17
=0.19
=0.21
-0.23
=0.20
-0.21
=0.22
~0.21
=0.22
=0.22
=0.22
=0.23
-0.23
=0.22
-0.25
=0.25
=0.25
=0.25
=0.25
=0.26
=0.25
=0.29
~0.29
~0.30
=-0.31
=0.32
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SyMOLE O, = ™ 49R BAIF ®0, = 6 DEPTH = 11,30 YTTPES TO 11.48 METRES
CONSALTDA™INY BPYTB] eTprsc = 78,00 KPA
PRTIONSOLTNRTIAN DRTSSNPT = 210.00 ¥PA
NIPYALIZING STRTCS =  78.00 RPA
WIRMALTZED SHERR TUEST PFSULTS START 19R10913 PRD 19810914
L pro WPYLZD NR¥LZD  NRML7D NPML7D
cren LE A nIv ner CEANGE
STRATY pTy STRFSS  STRFSS % pup
S"rrge KPa XPA KPR
[$:3
" 0.00 0,60 0.39 0.789 0.009
2 0.0u 0.2209 0.usP 0.730 0.074
3 n. 14 0.314 p.628 0.697 0.154
4 0.2 0.260 0.7328 0.679 0.215
= 0.40 0,u07 0.81u 0.478 0.2u7
A .54 n.u27 0.275 0.675 0.2¢7
7 0.4 0.u52 0.9n¢ 0.6R82 0.271
8 0.7% 0.479 0.958 0.681 0.283
a n.asx 0,696 0.99%2 0.582 0.295
10 APRLY 0.538 1.075 0.701 0.306
14 1.39 N,S+R 1.726 0.720 0.797
12 1.48 0.57% 1.150 0.764 0.265
13 1,07 0.%u8 1.097 0.5801 0.210
1u 2.22 0.511 1.022 0.819 0.163
15 2.49 0.uk7 0.92n 0.82¢ 0.122
1% 2,58 0.¢75 0.950 0.8uD 0.122
17 7.k N.ukk 0.931 0.843 0.115
10 2.% D.t58 0.915 0.852 0.003
19 3,17 0,041 0.a82 0.863 0.077
20 3,06 0,828 0.R%6 0.87"% 0.059
2" 3.%9 n.usa 0.820 0,773 0.053
22 4.06 0.872 0.824 0.879 0.037
23 g, 21 0.0k 0.R3 0.831 0.032
24 u.3 0.422 0.8L5 0.8R9 0.027
2 6,un 0.u22 0.8t 0.892 0.032
26 4.7 0.u14 0.82% 0.201 0.026
27 5.11 0.10¢ 0.812 0.R9a 0.015
2R 5.4 0.292 p.7EL 0.905 0.00)
29 5.7 0.3200 0.779 0.901 =0.010
20 5.97 0.37¢ 0.752 0.912 -0,073
21 fo 22 0,353 0.705 0.902 =0.024
i 6,54 0.250 0.700 0.891 ~0.027
23 f.032 0.3u" 0.682 0.902 -0,0135
21 7.23 0.2u0 0.620 0.902 -0.033
35 7.3¢ 0.3235 0.670 0.990 =0.07F
36 7.62 0.3u¢ 0.r01 0.907 =0.024
27 7.64 0.20t 0.688 0.911 -0.0u2
20 7.01 0.342 0.620 0.913 -0.04%
39 R, 16 0,240 0.679 0.918 ~0.05%
60 B, 49 0.236 0.%72 0.925 ~0.062
ul 3.81 0.231 0.661 0.929 ~0.087
u? a.0s 0.330 0.6F0 0.931 ~0.071
u3 9.1 0.210 0.678 0.927 -0.0772
an 9,91 0.311 0.521 0.90% =0.060
85 10,40 0.709 0.678 0.909 ~0.0€3
46 10,69 0.206 0.672 0.909 ~0.062
47  10.90 0.305 0.609 0.907 =0.060
gs 11,21 0.201 0.A02 0.903 -0.062
ge 12,14 0.297 0.5°u 0.902 -0.062
S0 12.57 0.20¢ p.5¢1 0.903 ~0.2£2
51 12,85 0.295 0.5R9 0.907 ~0.062
52 13,17 0.297 D.598 0.908 -0.062
53 13,52 0.29u 0.5R9 0.904 ~0.060
sS4 13,74 0.20u 0.588 0.905 -0.067
55 14,03 .297 0.585 0.905 ~0.065
6 10, 0.293 0.585 0.907 =0.065
5T 18,41 0.293 0.584 0.90R «0.065
58 18,99 0.292 0.583 0.910 -0.065
59 15.10 0.790 0.581 0.910 ~0.067
60  1%.16 0.300 0.601 0.917 =0.0€Q
£1 15,57 0.301 0.602 0.929 -0.081
62 15,79 0.300 0.600 0.930 =0.081
63 1R, 0.202 0.6013 0.934 -0.08%
68 16,21 0.790 0.5R0 0.925 <0.082

65 16. 34 0.287 0.574 0.920 =0.0F1
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c14DLT RO, = T 4NQ
SANDLZ HEYSHT 4PTED CONSOLIDATY
SIMPLE yOTf™T BRmTR CONSOLINA™T
SAMPL? APER BPTER CONSALIDATION

CONSTART LN2D
PRAYINT RYNG FRACTOR

RCLF WO, =

cow
oN

6

13.130
611.590
46.580

16,23
8.1560

DEPTY =

CENTIFMETRES

COBIC CENTIMETRES

SQUARY CENTIWETRES

N .
¥ ./DIV

8.56 METRES TO

B8.74 METRES
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DYISTON ART) 5.0600 SQUARE CENTIMETRES

TNITIAL DTAL RFADING 1916.20 DIVISIONS

L]

SHEIR TECT RTENTTS c€TRR™ 19810930 ENT 19811002

CONSALTDATEN ANDRITNEIN MPTIYIR] TEST

PT Trwp DISPI  PRINE  POET PEP EPPEC™  BFFECT  HALF DEV EFFECT RATIO OF A

nTat, DINY PRESS  CENT ST3¥A1  SIGMA?  DEV STRESS  OCT EFF SIGrA1
RO RS KP2 STRRIN KPA xez STRESS  KPA STRESS  EFP SIPFA3
XPA xp2

1 12100 1916, 2 25,7 20%.8  0.00 29.5 9.5 5.0 10.0 22.8 1.513 (RLLLLT
2 1285 1203, % 46.0  214.5  0.10 38.2 15.1 9.6 19.1 21.5 2.267 0.51
3 1205  1ma7.3 82,3 217.2  0.22 37.8 12.2 12.0 25.6 20.7 3.101 0.47
& 1315 1371.2 S9.5  219.2  0.34 81.5 104 15.5 31.1 20.8 3.990 0.45
5 1325  13s3.n £2.6  220.7 0.un 42.6 8.8 16.9 33.8 20.1 6_843 0.46
A 335 122,09 6F.7  221.5  0.63 45.2 7.8 18.7 374 20. 3 5.797 0.43
7. 1385 18170 £9.5  222.4  0.76 8€.9 7.1 19.9 39.8 20.4 6.610 0.42
R 1258 1799.8 71.2  222.1  0.89 48.3 7.0 20.6 81.3 20.8 6.900 0.40
9 1815 17A2.F 78,3 223.48 1.7 50.0 6.1 21.9 43.9 20.7 8.19% 0.40
10 1435 1728.2 78.8  223.5  1.45 53.6 5.9 23.9 47,7 21.8 9.091 0.36
17 1855  1eRa,n 81.9  223.3  1.73 56.2 5.9 25.2 50.3. 22.7 9.533 0.33
12 1539 1622.0 87.0  222.5 2.2b 61.5 7.0 27.2 50.5 25.2 8.785 0.29
13 1540  1RNu.8 87.2  222.0 2.37 62.0 7.8 27.3 54.6 25.6 8.380 0.27
1w 1400 1567.2 R9.0  221.1  2.66 64.4 8.4 28.0 56.0 27.1 7.667 0.25
15 1620 1523.6 °0.2 219.8  2.91 56.6 9.7 28.0 56.9 28.7 6.864 0.21
16 184D 10014 83.0  217.5 3.24 66.5 11.7 27.4 54.8 30.0 5.687 0.17
17 1650 1872.2 R6.8  216.9 3,38 6.2 12.5 26.9 53.7 30.4 5.296 0.16

101 1651 1471,0 8.7 RELAYATIORN TPST

102 1652 1870.8 R4.5  RPIPXATION TEST

103 1653 1870.7 #4.0 RELAYATION TPST

108 1655 1870.5 £3,2  REILYATTEN TEST

105 1659 1470.2 82.0  BELAYRTION TEST. . ... . ..

195 1706 1860,.0 R1.0  FEIAYATTCN TPET

107 1710 1469,.6 £0.5 RTIAYATION TEST

108 1RO MR8, 2 78.2 PPLAYATION TEST

109 1932 1467,1 76,2  EELMYATION TPST

110 2211 148k .2 75.0  RTIAYATTON TEST

111 899 1866.0 73.2  BPIXYATICK PEST |

18 B11  18R2.1 76.3  216.0 3.46 58.7 13.7 22.5 85.0 28.7 5,286 0.18
19 320 185).2 80.3  21€.1  3.55 51.8 13.8 24,0 48.0 29.8 4.475 0.17
20 830 1331.5 B1.6  275.5  1.69 63.4 1.9 24.5 29.0 30.7 3.403 0.15
21 840 1831.0 R1.4  214.8 3,70 63.8 15.0 20,4 48.8 31.3 8.256 0.13
22 350 1335, 80.¢  214.6  3.98 63.7 15.4 28.1 a8, 3 315 8,133 0.13
23 900 1378.3 78.0 213.6 _8.13 . $2.0. 16.3 22.9 85.7 31.5 3.804 0.1
28 910 1255.0 75.2  212.5 8.27 60.6 17.3 21.6 83.3 31.7 3.500 0.08
25 e20  1373.2 72.5 211.8 4.4 59.0 18.1 20.4 80.9 31.7 3.258 0.06
26 939 1316.2 71,0 211.1 8.57 58.6 18.7 19.0 39.9 32.0 3.133 0.04
27 931 13112 72.2  211.2  8.61 59,2 18.6 20.3 80.6 32.1 3.180 0.05
28 935 1263.2 72.5  210.3 8,93 60.2 19.5 20.3 40.7 331 3.086 0.02
29  9mp  1222.0 71,2 210.0 5.28 59.5 20.1 19.7 39.4 33.2 2.960 0.01
30 985 1198,2 70.2  209.7  S5.47 58.9 20,6 19,2 38.5 33.2 2.886 -0.00



21
32
33
34
35
3f

17

201
202
203
204
205
20¢F
207
20%
200
210

29
a0
41
42
83
ny
'3
46
a7
48
go
301
392
303
304
395
3Nk
207
308
3009
310
50
51
52
53
54
55
56
57
58
sa
A0
61
62
63
61
€=
66
67
&R
£9
T0

72
73
74

950

5%
1000
1301
1010
1330
1028
1036
1027
1929
1047
1059
1105
1135
12%
1590
1535
153
1540
1550
1600
1802
1608
1620
1630
1640
1650
1655
1770
1702
1704
1706
1712
1717
1732
1785
1922
2218

757

BO1

ROS

810

220

auo .

900

a20

9u3
1910
1020
1350
114
1140
1200
1215
1220
1220
1240
1251
1253
1300
1210
1320
1340
1800

1170.5
1121.9
1089,.5
138%5.5
1070.4
1)?1,.8
1022.2
1321.1
1027.,.°
1127.0
1020.8
1327.7
102n.3
1329.9
1019.2
1311,5
101°.4
1315.3
1011.2
0a2, 2
375,56
58,5
37,5
Ry R
7804
£71,.2
533,90
589.2
£72.3
560 &
563,77
5AQ,.8
569.5
5AQ U
569.2
5692,0
R&4R 2
Saﬁ.ﬁ
567.7
5R5 .4
558.7
548.8
52R_,9
832,09
855,2
g12,2
374,65
12?.&
295.6
285.5
197.8
152,2
117.9

85,7

fQ,7

-3,9
=94 ,4
-158_7
=1/9,9
-180 K
=27248,7
=222.7
=238,.5
-27F, 2

209.7 5.6F
20%.0 6.06
208.9 6.30

208.¢ .2

3

208.7 6.04
208R.6 6.74
208.,€ 6.81

RELAYATION
REIRYRTION
RYLAYR"TION
REIAXATION
PTIRAXATION
RZIAXATION
RYLAYATIOR
REIAVATION
REL2XATIOW
RZILYATICR

TEST
TeeT
TEST
TEST

TEST
TRST
TR ST
TEST
T*eT
TEST

209,2 6.86
208.8 6.89
278.8 7.03
208.° T.1F
209.4 T.29
209.1 T.45
208, 2 B.32
208.32 8.62
207.5 9.48
207.0 10.07
207.2 10.18
207.5 10.24

PRIARRETTOW
RELAYATION
RRIRYRTICW
REYRYATIONR
PTIRXATTON
RELRXRTION
RELIXXPTICN
REIAYRE™TION
RZIRYATION
RELRAYATINNR

T®ST
TZeT
TEST
TEST
TEET
TEST
TEST
TesT
TEET
TEST

207.0 10.29
207.5 10.3u
207.% 10,481
207.4  10.57
20¢6.5% 10.88
20F.3 11,13
20€.1 11.40
20€.2 11.7n
205.8  12.14
206.1 12.82
206.2 12.72
205.82 13.09
205.5 13.3%
205.5 13.70
20%,2 13.92?
204.9 14,06
208.8 16,62
204.5 15.28
204,27 15.R0
208.4 15.89
204.4 16.00
204.8 16.15
208.6 16.29
20u.8 16.08°
204.1 16,70

‘5R.9
58.1
57.4
87.1
. 55.9
54.3
54,3

51.2
51. 4
51.9
52.6
53.0
58.1
54.9
S4.9
55. 2
S6.1
54.2
53.9

57.6
52.0
52.%
53.2
58,3
53.6
54.5
54.0
53.8
53.6
53.7
53.8
54.0
58.4
54.5
55. 8
56.5
57.0
56.5
. -55.2
555
55.5
54,5
58.1
55.2

20,3

20.8
20.9
21.2
21.3
21.3
21.5

20.8
21,1
21.0
20.7
20.°%
20.9
21.6
21.7
22.5
22.8
22.8
22.5

22.7
22.2
22.2
22.6
23.3
23.2
23.5
23.4
23.8
23.7
23.6
26.0
28,2
2.0
24,3
24.5
28,7
25.0
25.1
25.0
25.2
25.1
24,6
24.5
25.2

19.3
18.6
18.2
17.9
17.3
16.5
16.4

15.2
15.2
15.8
15.9
16.3
16.6
16.7
16.6
16.4
16.6
15.7
15.7

14.4
14.9
15.1
15.3
15.5
15.2
15.5
15.3
15.0
14.9
15.0
14.9
14.9
15.2
151
15.4
15.9
16.0
15.7
18,1
15.1
15.2
18.9
14.8
15.0

38.6
37.3
36.5
35.9
34.6
33.0
32.8

30.4
30.3
30.9
31.9
32.5
33.2
33.3
33.1
32.7
33.3
31.8
31.4

28.9
29.8
30.3
30.6
31.0
30.4
31.0
30.6
30.0
29.9
30.1
29.8
29.8
30.4
30.2
30.9
31.8
32.0
31.4
30.2
30.3
30.4
29.9
29.6
30.0

33.2
33.2
33.1
33.2
32.8
32.3
32.4

30.9
3.2
31.3
31.3
31.3
32.0
32.7
32.7
33.4
33.9
33.3
33.0

32.3
32.1
32.3
32.8
33.6
33.3
33.8
33.6
33.8
33.7
33.6
33.9
34.1
34.1
3a8.4
34.8
35.3
35.7
35.6
35.1
35.3
35.2
38.6
3u.8
35.2
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2.904
2.791
2.746
2.693
2.623
2.548
2.524

2. 463
2. 438
2.471
2.539
2.587
2.589
2.542
2.526
2.854
2.458
2.379
2.396

2.271
2.343
2,362
2.353
2.330
2.312
2.321
2.308
2.261
2.261
2.275
2.242
2.232
2.267
2. 241
2.261
2.285
2.279
2.251
2.210
2201
2.209
2.215
2.209
2. 189

=0.00
-0.03
=0.03
=0.05
~0.04
-0.05
=0.05

«0.03
=0.05
=0.05
=0.04
=0.02
-0.03
-0.07
=0.06
-0.10
=0.12
=0.12
-0.11

=0.15
-0.12
=-0.11
=0.12
=0.16
-0.17
«0.18
«0.17
=-0.20
=0.19
=-0.18
=0.20
-0.22
-0.21
-0.23
-0.23
-0.23
=0. 24
=-0.26
-0.27
=0.27
=0.27
~0.26
-0.25
=0.29
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SANPLE NO. = T 409 HOLF NP, = (3 DEDPTH = 8.56 ETRTS TO 8.74 METRES
CONSOLIDRAT™INN AYTRL STPTEqg = 29.70 xpa
PPPCONSALYNATTIIN PRVSEADE = 270.00 ¥py
NWORMALTZTNG STRFES = 29.70 XPA
RARYALITFD SHWRER TFIT OPPINLTS START 19R1(0930 FND 19911002
pr PER NRML7N NE¥1 7D NR¥1 ZD NRWLZD
CExR™ 9AL® TEV oc™ CHANSE
STRATY Drv ETRFQS STPTSS TN PRP
sTeRTse KPR KPA xPA
XPR
1 0.00 0.1r8 0.327 0.769 0.30)
2 0.0 0.322 0.6Un 0.723 0.158
3 0.22 0.u22 0.963 0.698 0.243
4 D.34 0.523 1.027 0.699 0.3%4
5 0.4° 0.569 1.129 0.£76 0.367
6 N.k3 0.F30 1.2F0 0.683 0.394
7 0.76 0.671 1.301 0.696 0.828
R 0.89 0.695 1. 399 C. 699 0.421
Q 1.77 0.73¢9 1.478 0.F9R 0.853
10 .85 0.804 T.R07 0.73¢ 0.8A1
" 1.73 0.248 1.695 0.764 0.455
12 2.728 0.017 1.835 0.847 0,428
13 2.37 0.919 1.839 0.962 0.411
14 2.h6 0,042 T.RRF 0.219 0.7R0
18 2.90 0.958 1.975 0.955 0.327
16 3.24 0.022 1.9L6 1. 000 0.262
17 2.128 0,904 T.808 1.024 0.233
" I.8F 0,788 1.5 0.095F 0.209
19 3.55 0.9n7 1.615 1.003 0.212
20 3.R9 0.82% 1.6%0 1.07% 0.192
21 3.70 0.0202 T.6U5 1.053 0.1¢3
22 3.99 0.R12 1.625 1.060 0.1602
23 4.12 0.769 1.529 1.0€2 0.128
2u 5.27 N.77R 1.456 ° 1,0k8 0.0091
25 g.84 0.FR8R 1.376 1.067 0.0F7
2R 4,57 n.A71 1.343 1.077 0.0uy
27 a.61 0.r912 1T.3F5 1.081% 0.0u7
29 2.9 0.%R5 1.3¢9 1.113 0.017
20 5.28 0.6672 1.326 1.119 0.0207
30 5.47 O.Fu=n 1.2¢5 1.11%9 =0.002
21 5.68 N,£51 1.301 1.717 -0.003
32 6.06 0.627 1.254 1.718 -0.027
32 6.3 0.f14 1.22¢ T1.113 -0.03)
w (k] 0.608 1,208 1.117 =0.040
35 L 1 0.582 1.964 1.105 -0.037
3k L 0.5685 .19 1.087 -0.040
27 L 0.5R2 1.102 1.092 =-0.04)
IR R.8A 0.512 1.07% 1.0u2 =0.0292
39 6.R2 0.571 1.022 1.057 =0.0724
zn 7.07 0.520 1.080 1.054 ~0.0%4
41 7.6 0.536 1.073 1.055 =0.23)
a2 7.29 0.54r 1.005 1.055 -0.013
a3 7.45 0.55%09 1.178 1.076 =0.02u
su a,39 0.561 1.121 1.107 ~0.0R4
45 R.R2 0.5%R 1.115 1.102 =0.051
u6 9.4% 0.5%1 1.102 1.725 ~0.077
u7 10.07 0.560 1.120 1.141 =-0.094
ae 1.1 0.579 1.05¢8 1.120 =0, 088
a9 10.248 0.%879 1.068 1.110 -0.077
50 10.29 0.uR6 0.972 1.09r =0.094
51 10.3u 0.5n2 1.004 1.082 =0.077
52 1M.41 0.50¢9 1.079 1.087 =0.077
57 10.57 0.%815% 1.030 1.1048 =0.08"
5u 10.44 0.%22 1.0u43 1.132 =0.111
55 11,13 N.512 1.028 1.122 =0.113
56 11.40 0.523 1.045 1.140 -0.125
57 .78 0.51% 1,011 1.131 -0.121
58 12.14 0.5n5% 1.010 1.138 =0.135
9 12.82 0.503 1.006 1.133 =0.125
60 12.72 0.507 1.072 1.%32 -0.121
£1 13.09 0.502 1.004 1.143 =0.135
62 13.3% 0.702 1.004 1.149 -0.145
f3 13.70 0.%92 1.024 1.109 «0.145
hu 13,97 0.50r 1.01¢€ 1. 157 =0.155
f5 14.06 0.520 1.040 1.172 ~0. 165 -
L3} 10.62 0.%25 1.069 1.188 =0.1619
67 15,28 0.R28 1077 1.201 =0.178
6% 15.80 0.%79 1.087 1.198 =0.189
9 15.89 0.509 1.0R 1.181 =0.1R?2
70 1£.00 0.=p0 1.019 1. 1RR ~0.182
71 16.15 0.511 1.022 1.186 ~0. 182
72 16.29 0.50? 1.704 1.164 =-0.175
73 16,481 0.u09 0.997 1.157 -0.163

74 16.70 0.504 1,000 1. 185 =-0.192



NMHTVERSITY TV MANITNAI}
SNTL MEBCRANTCS LAROPRTORY

‘pERTH 3.56 METRES TO

SAMPLE WO, = T 411 HOIT N3, = 6 z 8.7% WETRES
SA¥DLP WPIGAT RPTYP CONSOLIDA™TON = 12.89% CENTIMETRES
SANMPL® VOLMwT AFTFR CONSOLINATIAN = 586,490 CJBIC CENTIMETRES
SAMPLE ARTA RPRTR CANSALINATINAY = 65,482 SQUARE CEKTIMETRES
CANSTANT TORD = 13.83 ¥ .
PROVING RING PAI™AP = 4.1560 ¥ ./DIV
PISTON AR®A = 5.0600 SQUARE CENTIPETBES
INITILL DTAL PEADINR = 1B66.20 DIVISIONS
SYPAD PEST PTSILIS s7aR™  1UR11012 PNXD 19811018
o™ TTHE nTEPL  PRINT  POPT PFP BPFSCT  EPPECT  HALF DEY
nTAL nTey PRFSS  CINT SIGYAYT  SIG¥23  DEV STRESS
RDG R™G KPA STEAIN KPR KPA STRESS  KPA
133
1 R4D 1864,2 €3.7  210.1  0.20 89.2 57.8 15.7 31.4
2 \us 19618 71.8  21u.7  0.0u 91.8 53,8 19.2 38.4
3 asp 1384, 2 79.7  218.8 0,00 95,2 49.2 23.0 86.0
u 90N 18278 ©0.2 223.5 0.22 29,9 s, 27.8 55.5
5 310 1323.0 96.4  22€.1  0.38 102.9 41.8 30.6 61.1
6 923 17979 02,0 22R.5  0.%3 196.8 9.4 3.5 67.0
7 932 1732, 2 107.0  220.7  0.65 108.7 32,1 35.3 70.6
B Q4o 1759.1 710.8  230.7 B.75 110.8 17.2 36.8 73.6
g 1390 1732, 1 117.R 232.0 1.0t 115.7 35.6 40.0 80.1
10 1020 1797,2 123,8  232.7 1.3 120.1 34.8 42.6 B5.3
11 1340 1658, 1 128,22 2232.5  1.R? 123.9 3.9 us,s 89.0
12 1100 1623.8 122,22  232.1  1.88 127.7 5.4 4€.2 92.3
13 1120 158%,2 138.0  230.9 2.18 130.2 36.6 46,2 93.6
18 11890 1562,5 138.8  22B.5%  2.48 132.8 28.7 47.0 94,1
15 1204 1592.2 132,77 22€.1 2.82 133.8 41.0 46.4 92.8
% 1271 1037.% 132.8  225.7  2.92 133.5 81.6 45.9 91.9
101 1216 138).7 130.7  BRTLAXATION TEST
102 1217 1420,2 129.5  PFIPYATION TEST
103 1279 1730 428.2  REIPYATION TEST
1Mo 1223 1879 ,.8 12,2  RFIAYATICK TEST
105 1230 w9 124.2  EBELAYATYON TPET
106 1245 177.9 121.8  PPIAYATION TEST
107 1215 177.0 120.0  RFLAYATION TEET
108 1649 75,0 116.0  PPI*XATION TFST
109 1519 wrL, 7 115,3  RFIRYATIOR TEST
110 1702 1474,0 175.7  RTIAYA™ICW TEST
111 2147 1732 112.0 RTIAXXTTON TEST
112 923 1072.8 710.0  FBEIRYATION TEST
17 927 1IN n 14,5 224,5 3.07 118.6 43.1 37.8 75.5
18 930 1465 .8 119.5  22%5.7 3,11 122.4 2.5 80.0 79.9
19 aup L FY RN 122.8  225.0 3.25 125.2 82,8 81.4 82.7
20 98 14285 119.3  223.6  3.29 123.6 un 1 39.7 79.5
21 1000 1977 112.2 221.2 3.56 120. 4 86.4 37.0 74.0
22 1315 1179.1 109.0  219.4 3,79 118.4 48.3 35.1 70.1
23 1020 1367,2 107.7 218,7 3.87 117.¢ u8.9 38,5 68.9
28 1323 1387.% 109.2 219.3 2,91 118.4 48,2 35.1 70.2
25 102% 1339.3 109.6  21B.¢  6.09 119.3 u8.9 35,2 70.4
26 1330 1303.9 107,86 217.3  4.36 118.8 50.1 3.2 68.3
27 1015 1261.3 105.0 21€.5 48,69 116.9 50.9 33.0 66.0
28 1080 1225.7 104.1 215.7 8.97 116.9 51.9 32.5 65.0
29 1pas 1186 .6 102.1  215.1  5.27 115.5% 52.4 31.5 63.1
30 1350 Tigu,2 101.8 24,4 5,60 15,7 53.1 31,2 62.6
31 1100 1122.9 3.6  210.0 S.76 113.2 53.5 29.9 59,7
12 1195 1114.8 97.%  218.1 5,83 112.2 53.% 29.4 58.7
33 1118 10964 97.2 2148.0 5.97 111.8 53.8 29,2 58.8
201 1114 1795.2 96.5 RELAYATION TEST :
202 1117 1094 .8 95,5  RPFIEYATIOR mEer
203 1119 1994,8 ou4.8  RPLAYMTION TPST
208 1123 1094 ,5 93,5  PTIIYATION TEST
205 1110 1394.5% 94,2  RELAXATION 7PST
206 11845 1094,2 93,2  REIYATTION TPST
207 1336 1092.9 91.6  PPLRAYR™ION TEST
208 1430 1092.5 91,4  RELAYRTIOR mwep
209 1533 1392,3 ©1.2  RPLMPYATTAN TFST
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EFFECT RATIO OF
ocT EPP SIGKAT
STRESS EPP SIFr23
KPR
68.3 1. 544
6642 1.720
68,5 1.935
62.9 2.251
62.2 2. 462
61.7 2.700
61.6 2.852
€1.7 2.977
62.3 3.249
63.2 3.450
€4.6 3.549
66.2 3.608
67.8 3.558
70.1 3.431
71.9 3.263
72.2 3.208
68.3 2.752
69.1 2.880
70.1 2,946
70.6 2.802
7.1 2.594
717 2. 451
71.9 2.409
71.6 2.456
72.8 2.440
72.9 2.364
72.9 24296
73.6 2.252
73.8 2.204
74.0 2.179
73.4 2.116
73.1 2.098
72.9 2.094

gouuuuyn
0.66
0.60
0.56
0.54
0.52
0.50
0.49
0.45
0.42
0.39
0.36
0.33
0.29
0.26
0.26

0.33
0.31
0.29
0.29
0.26
0.24
0.23
0. 24
0.22
0.20
0.19
0.17
0.16
0.14
0.14
0.15
0.14




8012
uny
ups
806
4607
anR
409
62
64
65
66
67
1]
A9
0
11
71
7?
72
78
75
7e

1537
1520
1580
1600
1502
16505
1519
1615
1620
1625
1630
1632
1635
1642
1A00U
1645
1687
1651
1550
1710
1738
1425
2370

a83

9%¢
1020
180
1102
1105
1115
1120
11285
1126
1120
1140
1290
1220
1280
1307
2209
1290
1312
1216
1323
1337
1415
1500
1948
1352
2000
2023
2951
2100
2115
2120
2139
2140
2150
2990
2202
2210
2220
2230

1091,1 92.2
1384,5 93,7
1067 .4 95,8
1089,.7 95,1
1337,.9 a7.0
1012.7 97.7
331,R8 97.7
9316 .0 LN
ann.9 Q9q,0
852,2 99,0
823.4 99,0
R 7 Q7.0
31y, 2 Q5,7
793 ,9 95.7
787, 95,13
797.1 ay.2
798,98 93,.%
TAA 8 a3,
736,89 93.0
795 ,5 91,.R
794 3 a1.8
1057 0.2
705 .3 €9, 2
AL LY RU R
7124 ag. g
750.5 a9
712,.2 95,9
69,5 95,1
£53.5 97,3
57,9 94,2
Sy .0 99,5
515, 1 99,7
01,8 96,5
LEEIT °h, 5
175,0 97,2
837 % u7.0
200,48 96 . R
IR .8 96,8
317.° 95,0
09,4 9u,8
103, " 94,5
3000 94,3
a0 ¢3,9
03,7 CENY
08,5 92,0
307.8 92.2
07,4 2.1
306.2 Q0.2
307,58 °2.0
289 4 ag,2
27,7 95,0
181.8 k.7
170.8 98,2

55.0 99,4

12.7 100.2
=57, 100.5
-131 1 9y,
212.¢ 100.8
232,46 100.8
-293 4 99,0
=333.7 ©9.0
-2728 8 8.5
-347.2 94,5

215.2 6.01
21,3 6.05
21%.2 6.19
215.0 6.34
21c%.4 6.42
215,40 6.R1
214.6 €.86
214.6 7.21
218, 6 7.99
214.0 7.82
213.8 8.09
213.2 8,12
273.3 8.16
213.3 8.28

RFIRYRTION
RTIAXATICN
FELAXRTTON
RTIRYRTTON
RTLAYRATTON
REJAYATION
PFLAYATION
PEIAXETICY
BTLAXRTION
RTIVRTICN

TEST
TEST
TEST
TEET
TEST
TEST
TEST
TES™

TEST

214,64 8.32
2148.3 B.65
2°4.0 8.9
213.7 9.2R
214,2 9.40
213.2 10.903
213.3 10.28
21z.8  10.5%
212.9 10.58
212.7 10.68
212.4 10.79
2712.5% 11.08
212.5 11.37
212.4 11.67
212.7 12,06

PEILYLTICN
RELAYRTICN
PEIMYRATION
RELAYRTINN
FERLAYATINR
PELAXYATION
RELAYATINW
RFIAYRTION
REL2YRTION

TEST
TEST
mEST
TEAT
TEST
TEeT
TEST
TEST

TEST

213.7 12.12
213.7 12.23
?213.3 12.5%5
212.6 13.0f
2712.5 13.15
21%.6 18,05
211.2 14.37
271.1 14,92
211.2 15.49
210.1 16,12
20%.,6 16.FE
210.1 16,75
2'0.2 16.87
210.6 17.02
210.6 17.15%

16,4
197.5
109.0
108.8
109.9
110.5
111.1
111.1
112.0
112.2
112.23
111.1
109.9
199.9

104.8
108.1
108,3
108.6
139.7
111.0
112.0
112.1
102.7
109.8
110.5
110.1
109.7
129.6
108.4

108.2
105.7
107. 4
108.2
103.5
110.9
111.6
111.6
110.2
112.0
111.9
1.0
110.0
109.1
108.9

52.3
52.2
52.3
52. 4
52.0
52.1
52.8
52.8
53.0
53.6
53.7
54.2
54.1
54.2

53.2
53.3
53.6
54.0
S3.4
S54.3
S4.u
54.9
54,8
54.9
55.1
5.0
55.0
55.1
54.8

53.8
53.6
54.1
Sl ab
54.8
55.8
561
56.2
56.1
57.1
57.4
56.9
57.0
56.5

56.48

27.0
27.7
28.4
28.2
29.0
29.2
29.1
29.2
29.5
29.4
29.12
28.4
27.9
27.9

25.8
27.4
27.8
27.2
28,2
29.3
28.8
28.6
27.5
27.%
27.7
27.5
27.4
27.3
26,92

25.2
26.1
26.6
26.8
27.10
27.6
27.8
27.7
27.1
27.4
27.3
26.6
26.5
26.3

26.2

58.1
55.3
56.7
56.4
57.9
58.4
58.3
58.3
59.0
58.8
5846
56.9
55.8
55.7

51.6
54.8
58,7
58.6
56.3
56.7
57.6
57.2
58.9
E4.9
55.4
55.1
58.7
58.5
53.56

50.4
52.1
53.3
53.6
54.7
55.1
55.5
55.4
54,1
58.9
56.5
53.1
53.0
52.6
52.5

70.3
70.6
71.2
71.2
71.3
T1.6
72.2
72.2
72.7
73.0
73.2
73.2
72.7
72.8

70. 4
T1.6
71.8
72.2
72.2
73.2
73.6
74.0
73.1
73.2
73.6
73.8
73.2
73.3
72.7

79.6
71.0
71.9
72.5
73.0
T4.2
T4 6
74.7
741
75.4
75.6
T6.6
74.7
74.0
73.9
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2.03u
2.060
2.084
2.076
2.114
2.121
2. 104
2.104
2.112
2.101
2.091
2.050
2.031
2.028

1.9€9
2.028
2.021
2.011
2.055
2.044
2.089
2.0u3
2.002
2.000
2.005
2.001
1.995
1.990
1.979

1.937
1. 972
1.985
1.5882
1.999
1. 988
1.990
1.98F
1.965
1.961
1.950
1.933
1.930
1.930
1.930

0.23
0.22
0.20
0.20
0.20
0.20
0.17
0.17
0.16
0.14
0.1
0.12
0.13
0.13

0.21
0.18
0.17
0.16
0.16
0.12
0.12
0.10
0.12
0.11
0.10
0.10
0.10
0.10
0.12

0.19
0.17
0.15
0.11
0.10
0.06
0.05
0.0u
0.05
0.00
-0.02
0.00
0.00
0.02
0.02
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SAMPLE WC, = T 411 FOTY N, = 6 PEPTH = 8.56 METRES TO 8.74 METRES

CONSOLIDRTIOY AXIAL STRESS = 88.90 KPA
pPRE~NNINLINATTIN PRFSEMPE = 210.00 kP2
RNPYALTZTNS STRFSS = AR,A0 YPR
NORMALTZPD SHEAR TWST BRTIOL7S START 19R11012 END 1981018
e PFR Lis AR WR¥] 7D WRELZD NRWLZD
CTNT RATF nzv ecT CHARIE
STRRATV DTy STRFES STRESS IN PAP
STETSS [ §:4. ¥PA L34}
Ko}
1 0.10 0.177 . 0.35u 0.760 0.00)
? 0.04 0.21F 0.u33 0.7u6 0.052
3 0.04 n.”=9 0.51%° 0.727 0.098
u 0.22 0.212 0.625 0.70R 0.151
5 0. 0.340 0.58%2 0.700 0.18)
3 0.53 0.277 0.7cu 0.695 0.207
T 0.k5S 0.397 0.79% 0.A0U 0.221
R n.75 n.u014 0.B2R 0.%9% 0.232
e 1.04 0.451 0.902 0.701 0.2u7
10 1.9 0,830 0.9¢0 0.712 0.255
1" TR 0.501 1.2 0.727 0.252
12 .94 0.520 1.0u0 0.74% 0.24u3
13 2.°% 0.827 1,058 0.760 0.234
16 2.0% n.520 1.0€60 0.7489 0.207
15 2.R7 0.523 1.0u5 0.810 0.120
16 2.97 n.=17 1.035 0.812 0.176
17 .07 0.u42% 0.8%0 0.76° 0.162
e 3.11 04450 0.910 0,779 0.1€9
10 2.25 0.466 0.93 0.783 0.169
20 2,39 [ ) 0, 89% 0.795 9.152
21 3.56 0.817 0.923 0.80¢C 0.725
22 2,70 0.?05 0.7P9 0.807 0.105
23 2,87 N.38R 0.77% 0.80%9 0.0987
2u 3.4 0.739% 0.790 0. 806 0.0
25 g.na 0.397 0.702 0.81% n.094
2A .25 0,73R= 0.7¢9 0.821 0. 0891
27 4.69 0.372 0.7u32 0.821 0.072
29 .97 0.2RF 0.722 0.82% 0.0€7
29 .27 0.3?5% 0.770 0. 827 0.0%5
30 .60 0.2R2 0.705 0.8232 0.0u8
31 5.76 C0.33R 0.872 0.827 0.0u4
32 £.A7 0.229 0.6F7 0.823 0.0u5
33 5.97 0.729 0.65R 0.821 0.044
£ RN 0.304 0.FC9 0.792 0.0%7
35 6.05 0.212 0.623 0.796 0.059
16 R 19 0.219 0.629 0.802 0.057
37 6.3 0.217 0.635 0.802 0.055
9 b.U2 0.226 0.653 0.803 0.0F0
39 .61 0.229 0.55% 0.80¢ 0.26)
un 6. RR 0.328 0.656 0.R"3 0.051
u 7.2 0.228 0.6%7 0.813 0.051
62 T, 40 0.322 [LLY 0.R1R 0.051
43 7.82 331 0.6F2 0.822 0.0u8
uu ],.00 0.230 0.6A0 0.R25 0.042
45 f,12 0.220 0.5601 0.824 0.035
.13 L L 0.314 0.678 0.819 0.024
47 B8.28 0.374 0.527 0.819 0.036
48 f.23 0.290 0.581 0.793 0,048
ua R8.R5 0.209 0.617 0.80¢ o.0u7
50 B.9u 0.30¢% 0.67F 0.R809 0.044
57 9.2%8 0.307 0.615 0.812 D041
52 9.40 0,217 0. k30 0.812 0.044
53 10.03 0.219 0.638 0.824 0.025
54 10.28 0.322¢4 0.6UE 0.829 0.025
5% 10.55% 0.222 0,55 0.833 0.03)
56 10.5%8 0.30¢ 0.F19 0.823 0.032
57 10.68 0.209 0.6"8 0.82u 0.923
58 10.79 0.312 0.524 0.82¢ 0.026
59 11.00 0.210 0.620 0.826 0.027
60 11.37 0.30R 0.6 0.825 0.027
61 11.R7 0.307 0.670 0.825 0.02A4
f2 12.06 0.302 0.60U 0.818 0.029
R3 12.12 0.2R4 0.568 0.795 0.081
hY 12.23 0.207? D.587 0.799% 0.041
65 12.55 0.300 0.600 0.809 0.036
L1 13.06 0.302 0.601 0.816 0.02%
67 13.15 0,208 0.677 0.823 0.027
AR 18.05 0.3210 0.621 0.R35 0.017
h9 18,37 0.312 0.625% 0. 840 0.012
70 1,92 0,212 0.674 0.8u 0.011
A 15. 49 0.20% 0.60° 0.835 0.012
71 16.12 0.9 0.618 0. %749 0.000
72 16.66 0.707 0.670 0.851 -0.005%
73 16.75 0.7aa 0.5¢0% 0.940 0.002
T4 16.87 " n.200 0.597 0.881 0,001
75 17.02 0.29¢% 0,502 0.834 0.005
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NYIYPRSTI™Y N7 ¥ANTITNRY
SNTL MFPCHINTTI LLRIPATARY

SAMOL® NC. = T 4713 HAL® NC., = 6 DEPTH = 8.56 METRES TC 8.74 WETRES

SPWDL? ATTIHT RTTER COSSLIDATING
SAWOLE YOLUFT RAPTED CANSCLINRTICN
SAXDLE ARTA RPRER CONSOTTIRATIAW

13.104 CENTINBRTRES
595,780 CUBIC CZENTINETRES
45.4€6 SQDARE CENTIMETRES

CONSTAN™ TAn
PRAVINT RTNG PaITmge
PISTON AR®Y

1.3 ¥,
4.1560 N ./DIV
5.0f00 SQUARE CEXTIMETRES

[T}

TNTTIEL DIAT RFADINC = 1096,20 NIVYSIDNS

SHPIR T¥eT BTIALTS START  14R1170)2 F¥N 19811103

FORINLTARTEN INNPRIWED ~ETANYT?] TFeT
»T  TIew prent PRING PORT PER Eepuce Z¥PECT HALP LEY EFFECT RATIO OF 3
DTAL ARG D § PRESST cewT SIGMAT SIGYR3 DEV STRESS oCcT EFF SIGMM1
RDG RIG .8:4) STERAI¥ KD} KPA STRESS KBA STRESS EFF SIFYA3
kP2 . KPA
1 2% 1994/,2 ‘©9.3 240.3 0.00 56.0 38.3 8.9 17.7 44,2 1. 463 guooouy
2 730 199y Q 52.¢9 242.u 0.01 5€.5 36.1 10.2 20.4 42.9 1.564 0.79
3 R40 13732 FB.2 2uc.8 0.13 53.0 28.6 17.2 34,8 20.1 2.204 0.57
4 a50 1982.0 758 253.4 0.26 56.6 25.3 20.6 41.3 39.1 2.631 0.56
5 ano 13434 f1.9 2RE.R 0.40 c9.7 2.9 23.4 86.8 38.5 3.042 0.53
F 910 1928,% 6,0 257.5 0.52 71.6 2.2 25.2 50.4 38.0 3.379 0.53
7 920 1317.0 84,5 289.6 0. R¢ 73.6 20.1 26.8 53.5 37.9 3.664 0.51
R QR0 10482 .8 e2.u ?59.% 0.79 75. 1 19.0 28.1 56.1 37.7 3.9%4 0.50
9 350 1355.9 97.5 2€6C. P 1.07 78.8 17.8 30.3 603.6 3.0 4,403 0.u8
1M 10390 189,85 10,8 26%.0 1.35 81.7 7.4 32.1 64.3 38.8 4.695 0.48
1T 1220 1782.% 105.0 2¢0.8 T.63 Bu.6 17.6 33.5 67.0 39.9 4,806 0.42
12 1040 1761 .8 106.0 2/0.1 1.79 85.0 18.2 33.9 67.8 4n.8 4.725 0.40
1?1350 1744, 2 106, 2 259.5 1.92 86. 8 18.¢ 33.9 67.9 41.5 4.591 0.38
18 1100, 1725.2 103.5 257.7 2.07 86. 1 20.7 32.7 65.04 42.5% 6.157 0.37
101 110 1728.7 102. 7 RFLEYATTO® TEGT
102 1192 1722.4 101.5 BEZIAYRTICK TECT
M3 1101 1724.7 110.0 PFIEYATIOY *EST
104 11909 1724 .1 98,2 FPTTRYATION TRET
105 1115 1723.9 96.8 PFIRYATICN TEST
106 1130 1723.1 ac.n ETIXYATTIORN TZeT
M7 1200 1722.7 93,7 PEIPYATINY TreT
102 1300 1721.5 °1.8 EELEYLTIOK TEST -
1098 1429 1720.0 40.p FPIAXZTION TFeT
110 1400 1720.5% pa, 19 PPLAYR"TOW TPRoT
1M1 1700 1720.u RA.u FPIAXATIOY TEST
112 1925 1720.1 AR A BRELAX}TIOR TEEOT
15 19130 1715.9 eu,d 25u,.9 2.15 80.8 23.¢9 28.8 56.9 u2.9 3.379 0.35
16+ 1910 15697.9 97.3 254.6 2.28 . 83.1 23.4 . 29.9 59.7 43.3 3.552 0.34
17 1985 1577.5 97.0 253.9 2.43 83.5 26.1 29.7 59.4 43.9 3.463 0.33
18 2000 1RRQ, 5 95.0 252.%8 2.57 R2.7 25.2 28.7 57.5 4u.4 3.281 0.31
19 2220 16297.58 Rr7,0 248.9 2.R7 BO.4U 29.0 25.5 51.0 af. 4 2.734 0.26
20 2nuo 1581 .9 85,9 207, F 3.16 79.0 30,7 24.1 4B.2 46.9 2.566 0.24
27 2107 . 153A,.% f3.8 286.6 3.51 78.6 31.8 23.8 86.8 a7.4 2.470 0.22
22 2120 1504.6 82.0 28¢€.1 3.75 77.8 32.5 22.6 45.3 47.6 2.39% 0.21
23 2740 18RT7 R R1.4 2485.8 4.03 T77.4 32.8 22.3 a8.6 47.7 2.361 0.20
201 2141 1366 .7 R1.2 PRIAYRATICR TECT
202 2142 AL | 0. F RETRYRTTION TFST
203 2144 TRRE 9 7.5 FEIAYATION TPST
208 2148 1865.8 79.0 RELIYATTOR TEST
205 21%7 1865.5 78.5 REIAXATICN TEST . - e
206 2210 14h%,.2 T8.0 RELAXP™IOK TFET
207 2240 18h8 .7 77.6 PPIRYATTIN TEET
208 2310 1ur .2 77.% RPILLYATICN TEST
209 2334 1860 .1 T7.2 PELAYRTINY mper

210 301 1463.7 7%.7 RELAXATYCR TPQT



8o«

210

/20

830

350

970

93n

933

935

940

9u5

950

955
1000
1005
1010
1075
1020
1925
1027
1220
1040
1950
1110
1111
1112
1114
1118
112¢
1200
1242
1315
1315
1504
1047
1920
1939
1900
1950
2010
2020
2030
2052
2108
2110
2115
2120
2130
2180
2150
2700
2207
2210
2270
2230

1459.5
1u450,3
M1, 5
112,12
175,.7
1337.5
1297.8
12R7 %
127).1
12w .9
1196.7
1157 .7
1113.4
106°.9
141,46
1006 ,.8
3R7T,7
03 ¢
R97,.6
RAD 2
ra2_9
asy 2
Q4R .5
10,0
802,2
RDa 1
9n3,.a
8na .8
3,7
808.,n
BR07.6
807.0
LA L
’RNA T
q0R”.6
ROU.D
785.0
765,9
TJur R
103.0
f2n.0
£§70.1
F28.0
53).%
549 .4
551.2
512.8
u35.A
365.%
PLEI
211.8
278,2
199.8
169.7
154,.0

78.3
79,7
fQ, =
80.7
P1.0
81.2
e1.2
82.6
R2,9
82.7
B2.¢
82,4
g2.a
82.5%
Rr2,.u
82.5
82,5
B2.5
82.u
81.0
20,5
RO U
gy,
RO,2
78.9
78.k
78.0
77.5
77.2
T6.4
7%. 8
75.7
75.0
75.0
74.0
77.0
78.5
79,9
79,0
79.2
79.5
79.8
80.0
79,8
R1.9
R1.2
£1.5
g1, 8
82.2
82.%
82.6
P15
81.0
81.0
€0.9

245, 4
245,5
2u5.2
2u4.8
2u4u. 4
2u4,1
243, ¢
243.¢
243.3
2u3.4
243.2
2u2.8
2474
282.5
2u2.4

20,6

241,09
201.7
241.5
2u41.4
241. 0
2u1.2
241, 8
241.4

8,10
4,17
4.31
4.46
4.74
5.02
5.33
5.1
S.54
5.81
6.0
6.820
6.€9
7.07
7.28
7.55
7.85
R.12
8.38
8,40
R.00
8.6t
8.77
Q.05

REILYATION TEST
FTLAYRTION TEST
RTIRYATION TEST
PITIMYRTION TEET
RELRYRTIOW TRET
RELAYRTICY TPST
RELZXATION TEST
PTI2XATION TPET
RYLAXATION TWVST
PEIVYRTICN TEST
RFLAYATION TEST

282.3
281.7
2u1.°5
2u1.0
280.7
2u1.1
240C.8
240.%8
2u0.7
240.7
26C.5
240.5
200.2
239.9
239.5
239.1
239.0
239.0
238.9
239.1

9.10
9.24
9,38
9,52
9.82
9.97

10.12

10.88

10.65%

10.72

11.03

11,32

11.91

12,44

13,02

13.62

13.68

13,78

13.94

14.06

TR. 4
75.6
76.5
77.0
77.5
77.8
78.1
79.1
79.7
79.4
79,8

79.5

79.6
79.%
79.8
8J.0
79.6
79.5
79,6
78. 6
78.0
78.0
77.8
17.5

T4.3
76.0
76.5
76.8

77.0-

76.8
77.3
77.2
77.1
78.8
78.4
78.5
78.7
79.2
79.7
89.0
79.2
78.7
78.7
78.5

‘32,8

32.4
32.7
33.1
33.F%
33.7
3.1
38.2

36,4

38,4
3.6
35.0
35.3
35.3
35.3
36.0
35.7
35.7
36.1
36,7
36.1
36.2
26,1
36.1

35. 6
36.1
36.3
36.6
36.8
36.4
36.7

. 366

3.7
36.8
37.0
37.1
37.3
37.8
38.3
3r.8
38.9
38.8
38.9
38.9

21.0
z21.6
21.9
21.9
22.0
22.0
22.90
22.5
22.7
22.5
22.4
22.2
22.2
22.1
22.0
22.0
21.9
21.9
21.8
21.2
21.0
20.9
20.9
20.7

19.3
19.9
20.1
20.1
20.1
20.2
20.3
20.3
20.2
21.0
20.7
20.7
20.7
20.7
20.7
20.6
20.1
19.9
19.9
19.8

42.0.-

63,2
43.8
43.9
44.0
8.1
84.0
44,9
85.3
45.0
a4.8
84,5
48.3
4.2
541
44,0
43.9
83.8
83,5
42.3
41.9
u1.8
41,7
81.4

38.7
39.9
80.2
40,2
80.2
40.4
40.6
80.6
40.4
42.0
41.4
81.8
81,8

41.4 .

41.4
81,2
80.3
39.9
39.8
39.6

46.4
46.8
87.3
47.7
48,2
48.4
48.8
89.2
49.5
49.4
49.5
49.8
50.1
50.0
50.0
50.7
50.3
%0.3
50.6
50.4
50. 1
50.1
50.0
a9%.9

48.5
49.8
49.7
50.0
50.2
49.9
50.2
50.1
50.2
50.8
50.8
50.9
51.1
51.6
52.1
52.5
52.3
52.1
52.2
52.1

196

2.295
2.332
2.339
2.326
2,314
2.308
2. 289
2.314
2. 317
2.308
2.294
2.2M
2.256
2.253
2,248
2.223

. 2.229

2.226
2.206
2.166
2. 161
2.154
2. 155
2.147

2.087
2.105
2.106
2.097
2.093
2.7110
2.106
2.110
2.100
2.142
2. 119
2.117
2.110
2.097
2. 081
2.062
2.036
2.027
2.023
2.019

0. 21
0.20
0.19
0.17
0.16
0.14
0.13
0.12
0.11
0.11
0.1
0.09
0.08
0.08
0.08%
0.05
0.06
0.05
0.05
0.04
0.05
0.04
0.05
0.05

0.10
0.06
0.05
0.05
0.02
0.04
0.02
0.02
0.02
0.02
0.01
0.01
=0.00
=-0.02
=0.02
=0.05
=0.0%
-0.06
~0.0¢
=0.05%
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SANDLY NO, = T 413 HIALE wO, = ] DEPTH = 3.56 ETRFS TC B.74 WETRES
CONSOLIDR™INY RAYXTAL STRFSS = 59.50 KPA
PRETONSNALTNA"IdY PRF¥eQnpE = 210.00 ¥p:
NORMALTI7ING STR®CS = 59.50 KP2
NOIRMALT7ZPD SUPAR mRCT ooonyTg STERT™  19R11102 EFD  19R11103
oT nen NRMLZD NrMIZT ¥PML2ZD NRML7D
ceRT BAY® DRV ocr CHRRGE
STRATN DIV STETSS STRFES IN PWP
§STRTge Koy KPR KPA
RPA
1 0.00 0,749 0.298% 0.743 0.000
2 0.Mm 0.171 0.3u2 0.721 0.035
2 D.12 0.2R9 0578 0.674 0.160
4 0.256 0.3u47 0.r94 0.656 0.22)
5 0.u0 0.293 0.78¢ 0.687 0.2¢€1
S 0.%2 0.874 0.Rug 0.539 0.203
7 0.h6 0,450 0.900 0.€38 9.30°
8 0.79 0.872 0.%u2 0.€34 0.323
Q 1.07 0.50a 1.078 0.%138 0.345
10 1.38 n.5uQ 1.081 0.£53 0,243
11 T./3 0.%67 1. 12¢ 0.671 0.745
12 1.79 0.570 1.139 0.68F 0.332
12 1.92 0.570 1.741 0.69v 0.323
14 2.07 0.540Q 1.00% 0.7184 0,292
15 2.8 0.u78 0. 956 0.720 0.230
14 2.2R 0.502 1.700 0.728 0.28)
17 2.43 0.u03 0.9us 0.73r 0.229
1R 2.57 0.u83 0.9k 0.746 0.21)
19 2.87 0.u28 0.RET 0.780 0.5
20 3.16 0.40% 0.811 0.788 0.1272
21 3.51 0.397 0. 78+ 0.79f 0.105%
22 .75 0.791 0.7¢1 0.800 0.097
22 8,03 0.27¢ 0.7%0 0.80° 0.0092
2u 4.10 0.257 0.70% 0.748n 0.084
25 4.17 0.2R2 NeT725 0.73% 0,087
26 4,3 0.3A8 0.73F 0. 705 0.082
27 4. us 0.3R9 0.732% 0.802 0.1774%
28 8,74 0.270 0.760 0.210 0.0R0
29 5.Nn3 0.270 0.7u1 0.813 0.0¢4
30 F.37 0.3k 0729 0.R19 0.055
31 S5.47 0.237R 0,758 0.927 0.05%
22 5.54 0.221 0.7F2 0.832 0.0%)
33 5.91 0.8 0.754 0.830 0.082
B2 .10 0.774 0.753 0.8132 0.043
35 6.00 0.374 0.7u7 0.837 0.0u2
bLs F.kQ 0.272 0.745 0.882 0.035
27 7.07 0,272 0.7u32 0.%41 0.027
3e T.2% 0.270 0.701 0.840 0.035
3a 7.55 0.7790 0.740 0.852 0.022
40 TR 0.369 0.728 0.B4F 0.027
a1 R.12 0.348 0.736 0.8u5 0.024
42 8.38 0.13F6 0.7322 0.R5% 0.02)
4= 9.44 0.3%6 0.72 0.8u7 0.01%
au 8.n9 0.352 0.70% 0.842 ¢.018
as R.60 0. 3281 0.702 0.842 0.045
113 8.77 0.750 0.701 0.3u0 0.043
47 9.05 N.3u8 0.F96 0.839 0.018
un 9.10 0.22% 0.650 0.715 0.038
a9 9.24 0.27% 0.~r70 0.P70 0.02u
50 Q.39 0,237 0.675 0.92% 0.029
51 9,52 0.327 0.575 0.RLC 0.01%
52 9.R? 0.2?¢p 0.RTH 0.%8u 0.007
53 9.97 0. 340 0.679 0.838 0.013
54 10,12 0.381 D.602 0.80L 0.003
58 10.44 0.3u1 0.hF2 0.Bu2 0.008
56 10.65 0.239 0.678% 0.843 0.007
57 10,77 0. 2513 0.704 0.8%54 0.007
59 11.0? 0.7un 0.£9% 0.854 0.002
59 11.3? c.3u8 0.hYE 0.856 0.003
L 11.91 0.3u% 0.696 0.859 =0.00?
61 12.u8 0.3u8 0.R07 0.869 -0.007
£2 13.03 0.?u= 0.k0F 0.R76 «0.012
L 13,62 0.3u4¢k 0.692 0.882 -0.02)
64 131.6R 0.339 0.677 0.8%0 =0.022
65 13.78 0.335 0.A70 0.875% -0,022
6F 12,94 0.33u 0.5+9 0.877 -0.024

R7 18.06 0,322 D.hkE 0.27¢ ~0.02)



URIVPRITITY OF Y2NITNR}
S2TIL WETRRANTTS LABNRATARY

SA¥OLP N2, = T 816 HOLE %WC. =
SEMDLZ YETIH™ {PTER TONSOLTDORATIOW
SAMILE §OLAMYT LFTEP CONSOL IDRATTON
CAMDLE ARTR APICHY CANSOLINATINN

CONRITAN™ LORN
PROVING RTNA ®rcnnp
BTETYC AR

TNITIAL DTAY BERRnING

STRR™

1981110

pT TIwT nhYepr PRING POET
nIny DIAY PRESS

R9G id ks KPR
T 1312 23581,.0 45,5 209.5
2 1315 2342 ,0 uR,0 21,0

3 1320 2042 ,9 56.5 24,6
4 123D 2326, £7.0 218.3

S5 1210 200e.1 72.9 219.°
A 1350 1307 R 78.0 220.%

7 1anp 1974 % £1.2 221.2
g 1110 1358,2 85,2 221,14
9 1820 1035,8 e9.1 2214
10 1830 19149,12 21.5 221.2
11 1340 1313,.6 oy_& 227.0
12 1usn 1382,0 b L 220.6
131590 135A,.0 98.0 220,90
14 1520 1822 4 103.90 219.0
15 1530 AR L] 104.90 218,11
%6 1580 1791 .4 10%.0 217.5
17 %590 1783.7 05,2 27,73
1% 1RO 1724,.0 104.> 214.1
19 1515 17245 10u,0 213.5
101 1617 17216 1049 REIY
132 1531R 1723.8 101.5 RPLAY
103 1620 1723.0 100.4 RPIAX
108 1824 1722.+ 98,2 R7LAY
1ns 1621 1722.2 7.0 RPLAY
106 1546 1721.7 5.8 RELAY
107 1744 1720.% 95.0 RETIAX
108 1759 1729.2 93,6 RPLAY
109 29730 1718.8 91.2 RPLAY
110 2342 1717,.8 90.0 RPIAY
111 ana ARALYS ] R6 .0 REIAX
20 %0 1715.2 87.2 205.7
21 300 1731.9 Q9,0 210.0
22 910 1623.0 101.5 210,0
23 320 1362.9 101.2 209.2
24 920 1546 .90 99.3 208, %
25 3a9 18033,2 95,2 206.3
26 1010 15R7 .9 an.1 202.9
27 1130 1529,1 R7.0 201.6
?8 1050 1490.1 8a,% 200.6
2% 1112 1451.0 82.8 199.7
30 112 11,2 #1.m 199.0
201 1132 1412.2 R1.0 RELAY
202 1133 1817 ,.R 80.8 PPLAY
203 1128 11,7 79.9 RELRY
204 1139 1811.7 79.% REIMY
205 1146 111,65 79.13 RELAY
20F 1185 1411,2 79.0 REIMY
207 1230 T81n0,.8 78.0 REIRY
208 14835 1209.8% TA.0 RELAX
209 1900 1409 ,.0 75.3 RPELRY
210 914 183%,0 72.3 RTLAY

3 DEPTH = 11.30 WETPES TO 11.48 MEIRES
13.050 CENTIMETRES
590,720 CUBI- ZERTINETRES
45.266 SOUARPE CENTIMFTRPS
12.93 % .
4,1560 % /nYVY
5.0600 SQUARE CENTINFTRES
2057,0N DIVISYINS
6 END 19811108
PEP EFPPECT EFPYCT HALF NEV
CENT SIsueq SIG¥A3 NEV STRESS
STRLIN KPB KPL STPE3S [.4:3
Kpp
0.n0 84,3 25.8 9.3 18.5
0.01 as5.1 24,2 10.4 20.8
0.06 89.4 20.8 10.3 28.6
0.19 55.2 17.1 19.1 38.2
0.32 59.0 15. 4 21.8 43.6
0.4¢ 62.7 4.5 24.1 48,2
0.c¢e 65.0 14.0 2%.5 5.0
D.73 68,3 13.7 27.3 58.6
0.88 71.9 13.9 29.0 58.1
1.01 4.1 13.9 30.1 60.2
1.1% 77.0 4.2 31.4 62.8
1.320 78.5 u.u 32.1 64.1
T.82 80.8 15.0 32.9 65.8
1.71 86,1 15.9 35.1 70.2
1.85 87.8 16.8 35.5 71.0
1.99 89.1 17.2 35.9 71.8
2.2¢8 91.5 19.7 35.9 71.8
2.43 91.7 20.7 35.5 71.0
2.50 91.7 21.2 35.3 70.5
ATION T@sr
ATIDF TPROYT
ATICR TEST
ATIOR TFST
ATICN TReT
ATIOK *"EST
ITION TReT
RTIOW *EST
ATION TEST
ATION TE2ST
ATION TEST
2.57 85.5 30.2 27.7 55.3
2.68 91.7 25.9 32.9 65.8
2.82 93.7 25.8 3s8.0 67.9
297 . 9u. 1 - 2645 33.8 67.6
3.10 93.5 27.3 331 66,2
3.39 9t. 8 29.5 31.0 61.9
3.70 89.8 32.5 28,6 57.3
8,01 88.1 33.7 27.2 S54.4
8.30 86.5 34.5 26.0 52.0
8.60 85.8 35.8 25.2 50.8%
a4,8rR B5.3 35.9 28,7 49.4
ATIOK TEST
ATION TEST
RTTON TEST
LTIOR TEST
ATICN TEST
ATION TweT
ATION TRST
ARTION TEST
ATION TPeT
B3TTAN TEST
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EFPECT RATIC OF A
ocT EPF SIGFRM1
STRESS  RFF SIFEA3
L343
32.0 1.719 gooooun
31.2 1.858 0.65
30.3 2.376 0.51
29.8 3.23¢ 0.45
29.9 3.829 0.42
30.6 4,222 0.38
31.0 4. 646 0.36
3.9 4.987 0.33
33.2 5.209 0.30
34.0 5.330 0.28
35. 1 5.424 0.26
35.8 5.452 0.24
3€.9 5.389 0.22
39.3 S.413 0.18
40.5 5.224 0.16
41.2 5.149 0.15
43.6 4,645 0.11
a4.4 4.430 0.09
44.7 4.326 0.08
48.6 2.832 =0.10
47.8 3.540 0.01
48.4 3.633 0.01
R9.0 3.550 =0.01
49.8 3.426 -0.02
50. 1 3.100 =0.07
51.6 2.763 =-0.17
51.8 2.614 -0.22
51.8 2.508 =-0.27
52.2 2,423 =0.31
52.4 2.376 =0.34




301

Nz
304
3ns
34
anz
3NR
200
340
31
312
52
53
50
5%
56
57
58
59
80
A1
7
%
33
(]
X3
67
58
69
T0
74

-
Z

73
T
75
7€
77
78
70
20
R
92

920

930

329

agn
1391
1n2s
+335%
1038
13480
1015
1350
1058
1100
11905
1110
1118
1117

‘1420

1125
1130
1125
1136
1137

1139

1143
1180
1295
1220
1210
1358
157¢
1717
13409
1087
1388
200N
2010
2120
2030
2033
2035
2540
2050
2110
2110
2420

210

2132
2115
21un
2748
2180
2200
2203
2295
2210
221%
2220
2230
2240
22185
2250
2370
230

1299,.7
13R3,+
136F R
1345.2
1324.5
1281 A
1259.5
1247.3
1231,0
11846
1156.3
1118,.8
1375.0
1227.5
1375.4
97,0
R
055,0
qus5,.4
934 .4
3rT, 2
92€ .7
75,3
9248 .1
26,0
Q25,7
325.2
ary .9
924.%
24,2
327,13
Q21,0
3230
921.0
A12_ 6/
A=,
2g7.8
887.5%
3un 8
3734
g18 .1
777,32
792,14
LI
§57.5
175.5
107.1
321.2
3aer.?2
27a_0
3682
253 &
340.9
324.9
397.2
277,97
230.0
135,90
14,5

uu, 8

3.2

23.3

5.0
=12.9

79.90
80.5
0.2
29,1
80.3
RD.2
R0.0
81.5
R2.0
R2.,2
R2.0
R2.0
82.1
3,0
f2.0
f2,2
RO. 6
RO, 5
23,5
81,2
RO.O
T9.?
79.0
7R, S
78,0
77.%
77.0
TR B
76.9
T€.7
T76.0
7.2
Tu,R
77.0
78.0
I4.5
70,0
79.%
79.8
81.5
82,0
R2.N
83,0
£2.5
ex.0
ey, 3
RU.0O
82.7
82.5
a5
f2.5
82.7
82.0
44.0
81,3
Ry, S
f5,0
85,0
/5,2
R8,5
£5.0
U, l
84.5
/4.7

200.8 4.99
201.1 Se11
200.R 5.28
200.5 5.81
200.1 5.57
19R,. 6 5.90
199.4 6.07
199,.9 6.16
199.7 6.29
199.3 6.64
19¢.2 6. 8¢
190,2 T.17
198.7 7.47
198.9 7.77
198.7 8.01
198.4 8.31
19,0 8.35
198,2 B.u0
198.0 B.47
198.1 R.AL
19R,.3 8.61

RTLAYATICN
RETLRYTINK
REIRYRTIOV
EETLRY2TION
PETRYATIOV
RTLAVETTAN
RELAYRETIONR
BREIRYATION
PRIRYXATIONF
RELAYRTION
PIZIRVATICY
REIAYATION

TEET
TPST
TEST
'I'EET‘
TEST
mEeT
TEEeT
TEST
TEST
M_Y_.‘L'""

ToST

199,8 B.6F
19¢.4 8.72
199,¢6 8.7¢8
199.3 B.91
198.¢9 9.07
198. 9 9.21
1m9, 1 9.36
198.8. 9,47
198.3 9.7¢

197.9 10.133
197.4 10,89
196,2 19,48
19€.7 12.07
19A.5 12.6L
19€.2  12.72
196.1  12.74
196, 4 12.P1
19¢.5 12.90
19¢.8 12.9¢
196.8 13,10
19,2 13,23
196.5 13.36
19€.2 12,59
196.0 13.9%
19¢.9 14,22
195.17 14,84
195.3 15.3F
195.0 15.46
19,2 15.54
195.2 15.68
198, 4 15.82

83,7
84.5
84.5
84.5
85.0
8.2
84.9
85.7
86.2
86. €
86.6
BE.3
86.8
37.2
86.5
86.9
85.9
35,7
98,7
35,3
8.1

81.1
31.8
82.3
83.0
83.7
83.9
35.0
85.7
8€.0
37.1
8r.Q
87.5
rY .4
8R.D
87.3
87.1
B86.8
86.7
86.5
7.0
87.3
87.8
88,2
RE.6
38,7
83,2
R”8.9
93.9
98.1
88.0
8.0

37.1
36.7
37.0
37.2
37.6
38.9
37.9
37.5
37.¢
38.2
38.3
38.2
38.8
38.6
38.8
30,2
39.6
39,5
39.5
39.F
3%.4

3e.0
37.0
38.0
38.3
3R.7
38.7
8.5
38.%
39.3
39.8
40.4
40.%
u1.0
41,7
41.5
41.5
41.2
41.2
40.9
41.3
40.8
81,1
41.6
41.7
41.9
42.6
42.4
42.8
42.5
a2.4
82.3

23.3
23.9
23.8
23.7
23.7
23.%
23.5
24,1
24.3
2.2
24,1
24,1
24.0
2u.3
23.8
23.8
231
23.1
23.1
22.°
22.8

21.6
22.0
22.2
22.3
22.5
22.¢€
23.3
23.4
23.4
23.6
23.3
23.3
23.7
23.4
22.9
22.8
22,9
22.8
22.8
22.9
23.3
23.4
23.4
23.5
23.4
23.3
23.3
23.1
22.8
22.%
22.8

86.56
47.8
47.5
87.3
47.4
47.3
47.0
88,2
48,6
48.4
88.3
48.1
8.0
4R.6
87.7
87.7
46.3
46,2
46.2
45.7
45.7

3.1
43.9
44,3
44,7
45.0
45.2
46.5
46.9
46.7
47,3
86.5
46.7
47.u4
86.9
45.8
45.6
45.6
45.5
45.6
45.7
U6.5
46.7
46.7
46.9
46.8
u6.6
66.5
46.1
45.6
5.6
45.7

52.6
52.6
52.8
53.0
53.4
54.7
53.6
52.6
53.8
S4.3
58.4
54,2
54.8
54.8
S54.7
55. 1
55.0
54.9
4.9
S4.8
54. 6

52.4
52.5
52.8
£3.2
53.7
£3.8
54.0
54,4
54.9
55.6
5%.9
56.4
56.8
56.7
56.8
56.7
56. 4
56.14
56. 1
56.5
56.3
56.7
57.2
57.3
57.5
58,1
57.9
58.2
57.7
57.6
57.5

199

2.255
2.303
2.284
2.273
2.262
2.216
2.239
2.285
2.292
2.266
2.260
2.259
2.238
2.260
2.228
2.216
2.169
2.1689
2. 169
2.154
2. 159

2.135
2.1€0
2.166
2.167
2.163
2.168
2.209
2.209
2.190
2.188
2.152
2.144
2. 156
2.140
2.103
2.099
24106
2.105
2.116
2.107
2. 141
2.137
2.123
2.126
2.116
2.094
2098
2.077
2.073
2.07¢
2.080

=0.31
«0.29
=0.30
-0.31
=0.33
~0.38
~0.36
~0.32
~0.33
-0.34
=0.35
=0.35
=0.37
=0.35
-0.37
=0.38%
=0.81
-0.41
-0.42
-0.42
-0.41

~-0.41
-0.39
-0.38
~0.39
-0.40
-0.40
«0.37
=0.38
=-0.40
=0.40
=0.043
=0.45
~0.44
=-0.4¢6
-0.49
=0.50
=-0.48
-0.48
-0.47
-0.48
-0.45
-0.u6
-0, u7
=0.08
~0. 48
~0.51
=0.51
=0.53
=0.53
=0.53
=0.52




SANDPL? %D, = T 414 “I0LF NC., = 3 proTq = 11,30 METRES TO 11.48 METRES

CORSOLIDATION AYIAL STRFTSC = 39,40 XPA
PRECONSOLINATIIN PRESSMRF® = 210.00 wxpp - 200 -
NIRMALIZING ©TRESS = 39.40 KPA
NORMALTZ2ED SHEAR TRST RESULTS START 19811106 EWD 198171108
o PE® NPwL7D FrY17zn RRMLTD NRMLZD
CENT FALP NEV ocT CHAYGE
STRATY nEY STRESS STRFSS IR PUP
STRFES KPR RPA KPA
KPA
1 0.02 0.235 0.471 0.812 0.000
2 0.01 0.285% 0.529 0.793 0.033
2 0.058 0.362 0.726 0.770 0.129
a 0.19 0.4R85 0,970 0.757 0.223
S N.32 0.553 1. 10€ 0.759 0.268
] 0.un 0./11 1.222 0.776 0.2R7
7 0.5 n.e48 1.295% 0.787 0.297
f 0.7? 0.602 1.386 0.810 0.302
9 D.94 N.737 . .47 0.8u2 0.302
10 1.0 0.764 1.52% 0.8B62 0.297
11 1.5 0.797 1594 0.R92 0.292
12 1.30 0.R14 1.F27 0.90R 0.282
13 1,42 0.R36 1.671 0.93% 0.266
1u 1.7 0.890 1.781 0.997 0.201
15 .8 0.991 1.801 1.027 0.213
1% 1.99 0.911 1.822 1.04¢6 0.29?
17 2.2% 0.911 1.823 1.108 0.147
18 2.47 0.901 1.802 1.12¢F 0.117
19 2.570 0.89% 1.7°0 1.135 0.132
20 2.57 0.702 1.804 1.238 =0.295
21 2.6% 0.235 1.670 1.211 0.012
22 2.82 0,62 1.724 1.230 0.013
23 2. 97 0.RGR 1.775 1.240 =0.003
2u 3.1 0.R41 1.681 1.253 =0.025
25 3.3¢9 0.7R6 1.572 1.27% =0.081
26 AP L] 0.727 Y. 454 1.310 =0.163
27 6.0 0.690 1.380 1.31%5 =0.20"
28 4.3 N.FRN 1.321 T.21¢ -0.226
29 4.R0 0.630 1.279 1.325 ~0.2043
in 8.99 N, k27 1.254 1.3209 -0.266
31 4.99 0.591 1.182 1.334 =0.221
32 5. 11 0.607 1.274 1.36 =0.213
23 .20 0.603 1.206 1.301 ~0.221
34 S.u41 D.F01 1.202 1.3485 ~0.2272
25 5.57 0.602 1.208 1.356 -0.233
3F 5.99 0.600 1.700 1.387 =0.277
7 6.07 0.59% 1.102 1.359 =0.256
38 6.6 N.612 o 1.723 1.360 «0.2044
29 F.29 0.F16 1.233 1.7365 =0.249
40 f.hl 0.¢14 1.22 1.379 =0.259
41 6. 8F 0.F72 1.225 1.380 =0.261
42 7.17 0.F71 1.221 1.377 =0.261
L] T.87 0.610 1.2%9 1.39M =0.274%
au 7.77 0.r17 1.234 1.391 ° =0.269
45 = ”.01 0.€0% 1.210 1.388 =0.274
46 9.31 0.695 1.210 7.398 -0.282
7 8.3% 0.888 1.175 1.397 ~0,292
4R %.8) N.5°6 1.172 1,393 =0.287
89 4.47 0.59F 1.172 1.393 =0.202
50 B.50 0. 5RO 1. 160 1.392 =0.283
51 9.481 0.570 1.159 1.386 =0.28u S
52 8,66 0., 5u?7 1.095 1.329 =0.254 RS
53 8.72 0.558 1.115 1.334 =0.251 :
st 8.79 0.%763 1.12% 1.339 =0.25%
55 8.01 0.567 1.124 1.350 =0.259
56 9.97 0.571 1.743 1.363 =0.269
57 9.2 0.874 1.147 1.365 ~0.2€69
58 9,.2R 0.5091 1.1P1 1.371 -0.26%
59 .47 0.595% 1.190 1.382 =0.272
RO 9,74 0.597 1. 186 1.392 =0.288
61 10.33 0.F00 1.200 1.810 =0, 294
62 10.89 0.501 1. 181 1.419 =0.307
63 11.48 0,592 1.184 1.430 =0.32)
60 12.07 0.A01 1.203 1.6482 =0.325
65 12.64 0.595 1.1B89 1.840 =0.330
66 12.72 0.5R1 1162 T.840 =0.3383
LY} 12.78 0.579 1.157 1.839 =0.28)
6R 12.81 0.578 1.1%7 1431 «0.332
f9 12.90 0.578 1.155 1.831 =0.33)
70 12,9K 0.570 1.1%8 T.428 ~0.322
71 13.10 0.580 T.161 1.835 -0.332
T2 13.23 0.%91 T.181 1.429 ~0.322
73 13.36 0.593 T.1E8 1.038 =0.23)
78 13.59 0.593 1.186 1.451 =0.338
75 13.9% 0.596 1.191 1.855 -0.343
76 18,22 0.59¢ 1.7 1. 459 =0.385
77 1a.848 0.591 1.183 1.876 =0.365
78 15.3% 0.591 1. 111 1.470 -0.36)
79 15.46 0.58% 1.170 1.076 -0.363
80 15.54 0.570 1,189 1.465 ~0.363
81 15.68 0.579 1.8 1.8A2 =0.367

2 15,82 0.589 Te 189 1.460 «0.358



ONIVERSTTY 0F eawy~no}
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SAMDLE NO, = T 418 BNLT %3, = [ DEPTH = 8.56 MEPTRES TC 8. 74 METRES
SAMDPLE HEY2HT™ RA®PER CONSOLIDATION = 12,260 CENTIMZTRES
SR¥ILP VOLOWME AFTEF CONSOLTDATYCN = 561.540 CYBYT CPRNTINPTRES
SA¥DPL® ARER RFT YR CONSNLIDATION = 45,803 SDUARE CESNTIMETRES
CANSTANT 1120 = 14.32 N o
PROTING RING PR~ToP = U4_.1540 N ./DIV
PISTOY RRTA = 5.0600 SDUARE CENTIMITRES
TYITIAL DIAL REinINN = 1447.50 DIVISIONS
SHTAR TEST PR3JI"g STREP™  10R11211 EWN 19R112M2
CONSNALTYHA™EN JYNDRTNEN TETRYTAL TFeT
T TrYwr nTePL PRIVA PORT PER ReRoCT ZFPECT HALF TEV EFFECT
TR DTy »PTSS CEx™ s5IG6¥M SIG¥AR DEV STRESS ocT
RNG RDG XDA STRAIM KPP [ $21 STRFSE KPa STRESS
| 32 1 XPA
1 ans 1487,5 37.0 238.8 0.00 29.t4 21.4 4.0 8.0 24.1
2 £ AS] 1442 ,R 82,5 2042.0 0.0u 21.3 19,4 6.5 12.9 22.7
3 1)1 14823,2 54,2 2u7.2 0.20 3.0 12.5 11.8 23.5 20.3
g 10009 1311 ,1 56.9 249.0 0.230 37.1 11.2 13.0 25.9 19.8
5 1320 1331,.0 59,5 249.6 0.6 38.7 10.5 14.1 28.2 19.9
6 1030 1171 .8 £0.7 250.0 0.82 39.0 Q.7 14.6 29.3 19.5
7 1240 135,90 €1.R 250.8 0.7° 39.3 9.0 15.1 30.3 19.1
8 1050 13135,.5% 62.0 251.6 0.91 9.0 8.7 15.2 30.3 18.8
e 1330 1314 .4 62.2 251.5 1.08 38.8 £.3 15.3 39.5 18.5
W0 1120 127R.2 63.0 251.7 132 39.5 B. 4 15.€ 31.1 18.8
" 1180 1241, 2 63,8 251.% 1. 68 39.9 8.5 15,7 31.8 19.0
12 1200 1202.0 2.8 251.8 2.00 4).1 8.5 15.8 31.6 19.0
13 1220 1162.5 6U.5 2%1.9 2.32 40.5 8.8 16.1 32.1 19.1
T4 *230 1145.6 fu,2 25%1.6 2.8 40,2 |t 1%.9 31.9 19.0
15 12180 1128.2 A4, 3 25,8 ?.F0 40.4 B.5 15.9 31.9 19.1
107 1242 1123.4 €3.8 RELEXATION TERST
102 124t 1123,.2 3,2 REIAXETTNON TEQT
M3 128k 1122.0 £2.2 PTIAYRTICN TFCT
108 1250 1121.0 f1.8B BPELRAYBTTOF® TFST
M5 1287 1122.8 61,0 RELEVYRTYICKR TveT
M6 1212 112°,.2 0.0 RFL2YATION TEST
107 1382 1121.5 58.u REIAYRTICR TEST
108 1442 11297.8 SR, PFLAYATION TEST
100 1£NS 11207 57.0 FEIYXATION TEST
110 15n82 1119,9 56,8 RPLAYATION TPST
111 1783 11198 Sk.1 PEI*XATION TEST
112 %30 1110,.5 E5.R RELAXATYICN TPST
113 2 1419.9 Su.6 RELAYATION TEET
114 3u7 1%13,.9 52.7 RPILAXATION *TRST
16 850 1118,.5 55.9 269.8 2.70 35.1 10.8 12.1 24.3 18.9
17 900 1339.5 28 252.0 2,88 39,0 B.3 15.5 31.1 18.7
18 a1n 1375.8 65,2 252.2 3.0 80.8 f.3 16.2 32.5 19.1

RATIO OF
EFF SIGPRAY
EFF SIFXA3

1. 372
1.702
2.880
3.315
3.690
4.019
4.362
4,488
4.678
4,705
4.700
4.71¢
4.825
4.792
4,748

3.249
4.745
4.915

ggunnour
0.6t
0.5¢
0.57
0.57
0.5u
0.54
0.57
0.56
0.5€
0.55
0.5%
0.54
0.54
0.54

0.67
0.57
0.5%




19
20
21
22
23
24
25
26
27
28
29
30
21
32
3
34
25
3¢
37
38
39
an
a1

a2
43
ay
85
L1
87
as
89
50
51

52
53
54
55
56

57
58
59
60
61
62
k3
fU
65

920
331
40
350

1000

1920

1000

1100

1120

1139

1238

1201

1245

1250

1258

1200

1105

1310

1215

1320

122%

1132

1300

1350

11300

1820

1340

1057

1530

1832

1535

1540

1585

1550

1555

1500

108

1510

1512

1620

1528

1648

1710

1730

1750

1310

1330

1062 .8
1335.5
1028.3
1335.5
987.5
Jus 8
Qou.a
378.2
A34,0
8%3.8
RRS T
577.0
640.5
593,58
5hf.3
29,0
43a3_1
452,5
318,22
376.2
1,2
291.R8
273.5
25%.56
233.4
202.5
1687
133.1
72.3
51.8
27.?
=12.1
=35 C
-5 7
«117.2
«t183 2
=104 .7
-233.2
-283.8
=258.8
=280,13
=295,7
=331.4
-372,7
«312.7
=845.9
-133.2

£5.5
65.5
65.2
fu. g
RU. 7
£3.2
61.8
61,2
60.0
59,2
56.5
8.2
58.0
58.0
5R,0
57.9
k1.2
88,0
5%.0
57.9
cR.0
EL
56.2
S56.1
SH. R
56.0
£6.2
56.0
55.9
87.7
5B.0
58.0
®8.2
58.3
59.1
58,3
5B.5
€8.%
8.2
57.%
57.5
87.2
£8.0
58.0
58.0
£8.2
57.5

251.9
251.6
251.¢
251.3
251.0
250.4
249.7
249.4
248.¢
248.3
287.2
287,72
207,
247.0
2u¢,9
286.7
24F.7
20,7
2u¢€.5
206.3
206, 4
245.9
2ne.8
2u46.2
284€.0
246.1
28¢€.2
246.5
2us5.8
286,72
288,585
2u 6.5
2u¢.3
286.1
2u46.4
26¢. 18
2u6.2
24€.2
285,9
20F.4
266.1
286.2
2486.1
24€.1
206.2
2u¢.8
24t.8

3.4
3.36
3.45
3.6
3.75
4,09
8.43
4.68
5.00
Se 27
6.21
6.28
6.58
6.92
7.19
7.50
7.82
8.11
8.42
B.78
9.02
9,43
9.54
9.70
9.R5
10.15
1046
10.72
11.22
11.38
11.58
11.91
12.19
12.51
12.76
13.11
13.39
13.71
13.77
13.88
14.00
1,22
14,51
14.85
15.17
15.44
15.7%

41.2

. B1.5

41.2
81.0
40.8
80.5
39.7
39.5
39,1
38.7
37.1
38.4
38.2
38.2
38.2
8.4
38.2
38,2
38.3
38.2
38.2
37.5
37.1

36.7.

36.6
36.7
36.7
36.3
36.5
37. 4
37.7
37.5
37.6
37.8
37.4
37.6
37.7

37.5.

37.7
3/.8
37.0
36.5
37.2
37.1
36.9
37.2
36.7

16.4
16.3
16.2
16.0
15.7
15.2
4.5

- 18,2

13.7
13.3
12.0
12.7
12.6
12.6
12.5
12.4
12.4
12.4
12.4
12.3
12.3
1.8
11.5
1.8
1.3
11.3
1.4
11.2
11.2
11.9
11.9
11.9
11.9
11.9
11.8
11.8
11.9
11.9
1.7
11.4
1.4
11.3
11.5
11.5
11.5
11.5
11.2

32.7

32.7
32.8
32.0
31.8
30.4
29.1
28.5
27.4
26.6
24.1
25.5
25.3
25.2
25.1
28.9
4.7
24.8
24.8
24.6
24.6
23.5
23.0
22.8
22.6
22.6
22.7
22.5
22.3
23.7
23.9
23.8
23.9
23.9
23.6
23.7
23.8
23.7
23.4
22.8
22.8
22.5
23.1
23.0
22.9
23.0
22.4

19.8
19.7
19.6
19.7
19.9
20. 2
20.3
20.5
20.8
21.0
21.0
2.8
21.3
21.4
21.5
21.8
21.7
21.7
21.8
21.8
21.8
21.8
21.8
21.5
21.5
21.6
21.6
21.3
21.6
21.6
21.8
21.6
21.7
21.9
21.7
21.8
21.8
21.7
22.1
21.6
21.8
21.5
21.8
21.8
21.6
21.9
21.8
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0.53
0.52
0.52
0.52
0.52
0.52
0.52
0.52
0.50
0.51
0.52
0.48
0.48
0.u48
0.47
0.t7
0.487
0.47
0.86
0.45
0.46
0.46
G.u7
0.50
0.u9
0.50
0.50
0.53
0.49
0.48
0.48
0.49
0.87
0.86
0.48
0.48
0. 47
0.87
0.46
0.51
0.49
0.5%
0.48
0.49
0. 49
0.46
0.49
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S¥MDI® NO. = * gig ACLF R0. = & PEPTH = B.56 KPTRFS TO 6,74 METRES
CONSOLIDATYON AYTAL STrecs = 31.60 xpa
PRETONSILINA™I Y4 PRECSNRE = 380.00 Kpj
NOR®ALI7ING €PR®Ig =  31.60 KPA
NORMALI7EN SWPppR TES™ necpgLrs START 19811211 ERD 19811212
or pro NRMTZN NF*L 7N  NRMLZD NRY¥LZD
cenr ALY DEV oce CHAN3IF
STPATY ney STRTSS  STRPCS IN PaP
STREST KPA KPa KPA
D2
1 .09 0.12¢ 0,252 0.761 0.00)
2 0.04 0.204 0.1809 0.719 0.101
3 0.20 0.372 0.7u8 0.6U43 0.285
] 0.30 0.410 0.821 0.628 0.322
5 0.uR 0,687 0.894 0.6%0 0.342
& .62 0.443 0.927 0.h1A 0.24/7
7 0.79 0.279 0.958 0.608 0.38)
L] 0.9 0.unp 0,980 0.595 0.405
9 1.08% 0.483 0.9F6 0.585 0.402
10 1.30 0.u92 0.985 0.594 0.403
11 1.6 0.u9g 0,995 0.F01 0.511
12 2.90 n.50n 1.700 0.502 0.211
13 2.732 0.8508 1.077 0.605 0.815
14 2,88 0.50u 1.00¢8 0.607 0,405
15 2.60 0.50u 1.00%2 0.60% 0.311
18 2.0 0.384 0.7¢9 0.598 0.3u48
17 2.84 0.u092 0.9ry 0.591 0.u413
19 3.17 0.51u 1.028 0.605 D.u2y
1a 3.1 0.518 1.028 0.614 0.415
) 3.3% 0.517 1,023 0.623 0,405
21 3.8% 0.542 1.02u 0.620 0.402
22 3.61 0.5n¢ 1.012 0.622 0.79%
22 .75 0,897 0.903 0.429 0.285
24 4,99 0,481 0.9¢2 0.640 0.367
25 4,42 0.8480 0.921 0.6u42 0.3u5
26 A8 D.us 0.902 0.6u4G 0.325
27 S.00 0,423 0.HER 0.£59 0.31)
2R 5.27 0.u21 0.8t2 0.663 0.301
2a 6,21 0.381 0,761 0.66% 0.266
30 k.29 0,802 0.80F 0.677 0.269
21 6.58% 0.400 0.790 0.675 0.263
2 £.92 0,204 0.70¢ 0.677 0.259
32 7.19 0.397 0.794 0.670 0.25%56
38 7,59 0.30y 0.788 0.690 0.250
3% 7.82 0.391 0,782 0.628 0.25)
15 ],.11 0.293 0.786 0.6R6A 0.259
37 8.42 0.392 0.783 0.68R 0.2t
kL 8,74 0. 289 0.778 0.690 0.237
39 9,02 0.189 0.778 0.699 0.2u41
40 9,432 0.372 0.76u 0.691 0.225
a1 a,54 0.761 0.727 0.589 0.222
42 9.70 0.261 0.723 0.A/81 0.234
83 9,85 0.357 0.774 0.681 0.228
LT "0n.15 0.2588 0.716 0. 685 0.231
45  10.4k 0.360 0.719 0.683 0.238
46 10,72 0. 356 0,711 0.674 0.241
47 11,22 0.253 0.705% 0.685% 0.222
uy 11,39 0.37= 0.7%0 0.68u 0.237
49 11 _s5g 0.378 0.755 0.68¢ 0.244
50 11, 91 0.37k 0.7%3 0.685 0.284
51 12.19 0.278 0.7%6 0.686 0.237
52 12,51 0.378 0.756 0.692 0.231
53 12.76 0.274 0.7u8 0.686 0.2a1
s4 12,11 0.37s 0.750 0.690 0.281
S5 13,39 0.376 0.753 0.691 0.23g
56 1.7 0.275 0.7%1 0.687 0.234
57 13,77 0.271 0.7u2 0.700 0.225
58 13.88 0.382 0.723 0.684 0.281
59 13,00 0.361 0.722 0.690 0.231
60 14,22 0.257 0.712 0.6R1 0.234
A1 148,51 0.3¢5 0.721 0.690 0.231
62  1a.85 0.364 0.728 0.A89 0.231
63 15 47 0.2h3 0.725 0.685 0.234
60 15 44y 0.2 0.728 0.692 0.222

65 15.75 0.254 0.708 0.639 0.222



ONIVERST™Y C¥ WANTITCRA

SOIL MPCHAANTCS L31BORATORY
SAMPLE NO. = T 420 FILT XO. = & DEPTY = 8.56 EPTRES TO B.74 METRES
SAMPL? HPTIRET APTPP CONSCLINRTION = 11,732 CENTINETRES
SAMDLF YALOMT AP-FR CANSOLIPA™ION = 522,990 CUSTC CENTIMETRES
SANPLT APEM ARPED CONSALTDATIAF = 44,578 SQUARE CENTTMETRES
CAPSTART LOAD = 14,12 % .
PROVINS RING FAT™AP = 8.156) ¥ ./DTV
PTSPON ART2 = 2.8350 SQUARE CENTIMETRES
TYTTIAL DTAL READTNR = 1077.90 PIVISIINS
SHTAR TES™ RTITLTS STRP™  10P11214 PND 19811214
PT PINT nredL  PRINT  PAPL PER EFFECT EPFECT  HAALF DEV
Nty nTal PPESS  CENT STGYA1  SIG®R3  DEV STRESS
.31 BIG KPR STRAIN KPA KPA . STEESS  KPA
KE2
1 ous 1977.9 6.5 210.2 0,00 51.7 u0.4 10.6 21.3
2 asp 1072.F 45.0  215.2  0.05 fU4. 6 35.4 14,6 29.2
3 1390 1355.9 S6.R  221.5  0.20 69.3 20,2 20.1 40.1
4 1010 1033.1 €1.3  224.0 -34 70.9 26.7 22.1 )
5 1323 1917.0 #4.3  225.8 0,52 71.8 24,9 23.5 46.9
6 1030 1001,1 £5.7  226.F 0.k 72.2 24,0 28.1 48,2
7 19342 373,% 7.7 227.2 0.8t 72.9 23.5 24.7 89.4
8 1050 ace 2 67.8  227.8  0.95 72.8 22.8 25.0 50.0
2 1190 345, 0 69,9  228,.1  1.13 73.3 2°.5 25.4 50.8
10 1110 9781 €9, 228,5  1.2% 73.8 22.0 25.7 51.4
11 1120 311.9 70.2  22R.6 1.82 73.6 21.7 26.0 51.9
12 11730 2a3,2 70.2  229.0  1.5°F 73.8 21.4 26.2 52.4
13 1140 372,6 71.2  229.0 1,75 72.9 21.2 26.3 52.7
1 1200 CEL] 72.2 229.2  2.0% 74.5 21.1 26,7 53,4
15 1270 7291 7.0 229.7  2.38 75,1 21.1 27.0 54.0
16 1210 760.2 73.9 229.2 2.7 75.5 20.9 27.3 58.6
17 1398 EN 74.2 229,00  3.15 76.0 21.2 27.3 54,7
19 1220 RS 7 8.2 22%,7  3.3u 76.1 21.6 27.2 54,5
19 1340 587,72 T73.8 228,23 3.67 75.9 21.9 27.0 54.0
11 1323 €42 .4 73.1  PEIAYATICY TTeT
102 1344 582.% 72.2  PFIMYRTTON TEOT
113 1346 612,72 71.4  FEIAYATICK TReT
108 12590 LW 70.5  PEIAYATTON TEST
15 1357 6u2.0 €9,8  RPIAYRTTCN TIET
106 1812 Rut.u €R,2  RELIYATION ~TST
107 1882 680,85 61,0 RBTLAYATTION TERST
108 1542 539.5 65,8 RELRAYRTIOW TEST
109 1682 639,0 €4.8  ETIRAYATICN TESD
110 1au? 832,6 €3.5  RFLAYRTIOW TEST
20 1345 635.5 €7.2  228.3 3,77 70.6 21.9 24,3 48.7
21 1859 §27,9 71.%  228.8 3.8 73,2 21.8 25.9 51.8
22 1ap0 537,° 73,2 229.0 4,01 4.5 21.2 26.6 53,12
23 1910 590 ¢ 73.1  228.9 4.6 74,8 21.3 26.6 53.1
28 1330 553.1 71.0  227.8  4.50 73.7 22.6 2545 51.1
25 1950 512.2 €0.4  226.5 8,82 73.2 23.7 26.7 49,5
26 2390 492,3 £9,F  226.1  B.9R 72.6 23.7 24,4 88.9
27 2002 827,0 €9.7  225.9 5.04 73.7 24.1 24.8 49.6
28 2005 4R2,0 69,0 275,09 .24 73.9 26.2 24,8 49.7
29 2010 124.7 €9.0  225.2 5,57 73.7 25.0 2u.4 48.7
10 2715 394,R 6H.2  224.7  5.M 73.3 25.5 23.9 87.8
31 2020 259.0 7.8 224.3  6.20 73.1 25.8 22.7 47.3
32 2325 3111 €7.1  228.0  6.56 72.6 26.0 23.3 u6.F
32 20130 27,8 6€.3  223.5 6,87 72.2 26.5 22.9 45.7
w2315 234,89 £5.2  223.2  7.19 7.5 26.9 22,2 44,6
- 35 2040 194 .8 €8.2  222.6  7.52 71.3 27.7 21.8 u3.6
36 2082 1319 €3.0  222.4  7.64 70.4 27.9 21.2 42.5
27 2045 176.9 €1.3 222.3  7.6R 69.3 27.9 20.7 u1.4
38 2054 181.2 €1.2 221.9  7.81 69.2 28.3 20.8 40.9
19 2100 147.0 €0.8 221.9 7.93 69.0 28.6 20.2 40.4
40 2110 129,90 €0.2 221.7 8.0F 68.5 28.6 19.9 39.9
81 2123 105.7 60.0 227.% 8,29 68.3 28.7 19.8 39.6
82 2130 33,5 59.8 221.5 B.39 68.4 29.0 19.7 39.4
43 21up 71.2 59.8 227.4 8,58 53.3 29.0 19.7 39.3
84 2145 43,4 60.5 221.1 8,77 68.9 29.1 19.9 39.8
a5 2150 10.8 €0.8  220.8  9.10 69.3 29.4 20.0 39.9
86 2155 -27.8 0.5 220.5 9.u2 69.1 29.% 19.8 39.6
47 2200 -66,7 60.5 220.6 9.7F §9.0 29.6 19.7 39.4
a8 2705 -132.2 60.5 220.5 10.06 69,1 29.8 19.6 39.3
aa 2210 -135,.8 60.5  220.3 10.3% 69.0 29.9 19.6 39,1
50 221% -173.2 €0.5  220.2 10.6f 69.9 29.9 19.5 39.0
1 2220 -13a,_1 9.5  220.1 10.79 68.3 30.2 19.1 38.1
52 2230 =26 .1 9.2  220.4 10.% 68,1 30.2 18.9 37.9
53 2210 -225.7 59,1  220.8 11.11 67.6 20.0 18.8 27.6
58 2250 -204,8 £9.2  220.2 11.27 67.8 30.1 18.8 37.7
5 2300 -264 .8 59.2 220,84 11.44 67.3 39.2 18.8 37.6
56 2310 -2R0.,1 59.3  220.1 11.88 £7.9 30.3 18.8 37.€
§7 2320 =337,2 59.2 220.2 11.75 67.8 30.3 18.8 37.5
58 2330 -21a,0 9.3  220.2 11.99 67.7 30.2 18.7 37.5

EFFECT

oCcT

STRESS

KPA

47.5
45.1
42.6
41.4
40. 5
40.1
40.0
39.5
39.4
39.1
39.0
38.9
38.8
38.9
39.1
39.1
39.5
39.8
39.9

38.1
38.7
39.0
39.0
39.6
40.2
40.0
80.6
40. 8
41.2
418
41.6
41.5
81.7
41.8
82.2
62,1
81.7
41.9
42.1
81,9
41.9
42.1
42.1
82.4
82.7
42.7
42.7
42.9
42.9
§2.9
u2.9
82,

42.5
82,7
42,7
42.8
42.8
42.7
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RATIC DF
EFF SIGrR1
EFF STIFNA3

1. 526
1.824
2.373
2.€56
2.885
3.007
3.101
3.191
3.258
3.335
3.394
3,449
3,486
3.533
3.559
3.6
3.566
3.525
3.u66

3.222
3.423
3.513
3.493
3. 259
3.087
3.062
3.059
3.053
2.949
2.876
2.835
2.791
2.725
2.658
2.573
2.522
2.485
2. 4084
2.414
2.394
2.380
2.358
2.355
2.369
2.359
24341
2.3
2.318
24309
24305
2.262
2.254
2.255
2.251
2,204
2.241
2.239
2.241

gonuogn
0.63
0.60
0.60
0.61
0.61
0.60
0.61
0.61

" 0.61
0.60
0.60
0.60
0.59
0.58
0.57
0.56
0.56
0.55

0.66
0.61
0.59
0.59
0.58
0.58
0.58
0.55
0.5%
0.55
0.55
0.54
0.55
0.58
0.56
0.56
0.58
0.60
0.60
0.60
0.62
0.62
0.62
0.62
0.59
0.57
0.56
0.57
0.57
0.56
0.56

0.59
0.61

0.62

0.62
0.63
0.61

0.61

0.62




SINOLE N0, = T 420 HOLR w0, = 6 DEPTH = 3.56 METRFS TO 8.74 METRES
CORSOILIDRTIAY 8YTRL STREST = 61.90 xpA
PRPIANSAITDATINN PRESSNRT = 380.00 rpa
ROPMALTZING STRFPSS = 61.90 xPA
NDPMALIZED SYEAR TFST RESULTS START 19811214 ESD 19811214
o oER ¥R¥17D NP¥I7D WRMLZD KREL?2D
ohak LLAS A nEy ocT CHANGF
STRATY DEV sTRYeS STRESS IN pwp
STRESS |42 KPA KPA
xp2
1 0.00 0,172 0.3u32 0.767 0.009)
2 0.0% 0.23F 0.u71 0.729 0.081
3 0.720 0.378 0.6u8 0.F88 0.183
4 0.2y 0.2357 0.7%4 0.669 0.222
| 0.52 0.?70 0.7%8 0.R55 0.252
6 0.AR5 0.2R9 0.778 0.647 0.265
7 0.84 0. 2009 0.74R 0.685 0.275
8 0.95 0.808 0.an7 0.637 0.284
Q 1.13 n.810 0.821 0.637 0.289
10 1.28 0.415 0.8320 0.622 0.296
AN} 1.4 0.u20 0.R29 0.6730 0.297
12 1.58 0.u213 0,887 0.628 0.304
"2 1.75% 0.026 0.851 0.A26 0.304
T4 2.0k 0.u422 0.8¢f73 0.629 0.307
15 2,39 0,86 0.972 06832 0.30¢2
1F 2.7 0.b4u1 0.883 0.532 0.307
7 3.15 O.un9 0.R+3 0.628 0.704
19 3.34 N.u09 0.4¢1 0.643 0.293
19 A7 0.083¢ 0.872 0.AUS 0.292
20 2,77 0.393 0,784 0.616 0.292
21 3. 0.819 0.828 0.62% 0.30)
22 8.0 Q.u30 0.8¢1 0.629 0.304
23 8,1~ 0.u79 0.RrEQ 0.€320 0.20?
24 8.50 0.812 0.825 0.680 0.278
25 8,82 0.399 0.799 0.6u9 0.263
2F 4,99 0.39% 0.7¢0 0.546 0.257
27 5.04 0.401 0.802 0.657 0.254
2R S.28 0.u40? 0.802 0.659 0.254
29 5.57 0.302 0.7¢7 0.6FK 0.242
20 5.0% 0.285 0.773 0.£70 0.234
31 «20 0. 382 0.7¢5 0.672 0.228
32 €.54 0.274 0.752 0.671 0.223
22 A.87 0. 2RQ 0.72R 0.674 0.215
34 7.9 0.350 0.720 0.675 0.21)
5 7.53 0.252 0.704 0.682 0.200
26 7.68 0.3u3 0.hPR 0.£79 0.197
37 T.68 0.3235 0. 669 0.674 0.195
28 7.81 0.220 0.6F0 0.677 0.183
29 7.93 0.327 0.6572 0.6%0 0.187
a9 8.07 0.222 0.6uu 0.677 0.186
" .29 0.220 0.580 0.677 0.1¢83
42 B.39 0.21R 0.636 0.681 0.183
43 8.5% : 0.3%%8 0.635 0.6A80 0.181
Gu 8.77 0.222 0.fug 0.685 0.176
ay 9.1 0.323 0.6U5 0.690 0.171
as 9.82 0.220 0.639 0.690 0.165
47 9,76 0.218 0.637 0.690 0.168
4R 10.0F 0.2317 0.634 0.693 0.165
na 10.35 0.216 0.632 0.694 0.162
50 10.66 0.215 0.€30 0.693 0.1€2
51 10.79 0. 308 0.676 0.693 0.160
‘52 10.94 0.206 0.612 0.592 0.1€5
53 1.1 0.308 0.608 0.687 0.165
54 11.27 0.304 . 0.608 0.689 0.163
&5 11,48 0.3013 0.607 0.690 0.165
&6 11.58 0.304 0.608 0.692 0.16)
57 11.75 0.203 0.50F 0.692 0.162

58 11.91 0.303 0.605 0.A30 0.162
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N¥IVERSI™Y “F «anTT™nRA

SOIL MZCFANICS LAPRORAMNRY

SEMDLE® NO., = ™ 422 BOLF N2. = 6 DEPTH = B.74 BETRES TO 8. 92 METRES

SAMOLE HETRRT™ AP"PR CONSOLIDA™ION = 17,050 CENTINSTRFS

SYMAL? VOLO™Z APTEP CONSCLIPMATION = 505.790 CUBIC CENTINETRPS

SAMDPLE AR¥YA RPTERP CONSALINETIANW = 45.773 SQUARE CEKTIMETRFS

CONSTANT 17N = 18.02 ® .

PRAVING RING FiTmno = 4.1560 N ./DPIV

DISTON RRFR = 5.0600 SQUARRE CENTINETRES

TNTTTIAL DTRT REROTNG = 2000.00 NIVISIONS

SHEAR TTST PYSILTS START 19820712 END  19R20113

CONSOLINATPR JNNDRTNTT TETARTAY TECT

PT PTMF nISPL BFIvVG PARE PFR EPPEC™ BFFECT HALP PEV EFPFECT RATIO OF A

nTAY DINL PRESS CENT™ SIGYA1 SIGRE3 DEV STRESS ocT EFPF SIGNAY
PDG BTG 1.9} STELIY KPA KPA STRESS KPA STRESS EFF SIFNA3
1:2 KPR

1 8%0 200040 S4.8 207.9 0.00 B5.14 €62.5 11.5% 22.9 70. 1 1. 367 googouy
2 390 1995 .9 68,9 213.3 0.0u 83.3 57.2 16.0 32.1 €7.9 1.561 0.59
4 310 13381.7 83,5 222.6 0.17 97.0 48.1 28.4 48,9 6u. 4 2.016 0.57
S 920 19601 .8 ©2.0 226.5 0.32 100.5 84.0 . 28.3 56.5 62.8 2.284 0.56
R 330 13au,.9 Sh.2 229.8 0.50 101.3 61.1 30.1 60.2 61.2 2.465 0.58
7 aun 1927.7 98.0 230.¢% 0.65 101.6 39.9 30.9 61.7 60.5 2.587 0.58
8 350 1312.0 99.% 231.8 0.80 101.8 38.8 31.5 63.0 59.8 2.623 0.60
9 958 1892.9 100.3 232.5 0.91 131.6 38.0 31.8 63.6 59,2 2.675 0.60
10 1919 137y .9 102.0 233,% 1.13 102.0 37.0 32.5 65.0 58.7 2.758 0.61
11 1030 19227.5 104.0 238.8 1.47 102.2 35.6 33.3 66.6 57.8 2.871 0.62
12 1350 133%.8 105.¢8 2358.5 1.80 102.7 38.7 38.0 68.0 57.4 2. 960 0.61
13 1110 17R2,.9 107.5 236.1 2.1 133.3 34.0 34.6 69.3 57.1 3.038 0.61
1 1120 1723.3 109.0 23€.5 2.50 103.7 33.3 35.2 70.8 56.8 3. 114 0.60
15 11480 1707.0 109.5 236.5 2.6% 108. 1 33.4 35.4 70.7 57.0 3.117 0.60
1/ 1150 1585 ,u 110.2 23¢€.7 2.88 104.4 33.2 35.6 71.2 56.9 3.145 0.60
17 1200 169,22 11120 236.7 2.99 .105.0 33,2 35.9 71.8 57.1 3.163 0.59
18 1220 1532.2 12,2 23¢€.9 3.33 105.5 32.9 36.3 72.6 57. 1 3.207 0.58
19 1240 1595,2 113.7 236.7 3.65 136.8 33.1 36.8 73.7 $7.7 3.226 0.57
20 1270 1555,% 110.7 236.7 4.02 107.4 33.1 37.1 74.3 57.9 3. 244 0.56
21 1320 13518.9 116.0 23€.6 4.35 108.3 33.1 37.6 75.2 58.2 3.270 0.55
22 1380 1483,.2 117. 1 23€.2 4.70 109.3 33.5 37.9 75.8 58.8 3.264 0.53
23 140 - 13u82,.9 117.5 235.8 5.04 --129.6 .-33.7 .. 38.0 75.9 59.0 3.253 0.53
28 1410 1423,.% 117.5 238.3 5,22 109.9 3.1 37.9 75.8 59.4 3.223 0.52
25 1820 14085 117.2 235.0 5.3¢9 109.9 34,5 37.7 75.4 59.6 3.185 0.52
26 183N 133,90 117.2 234.5 5.53 110.3 35.0 37.6 75.3 60. 1 3.151 0.51
26 1880 1365.0 117.3 234.3 5.74 110. 4 35.2 37.6 75.2 60.3 3.136 0.51
27 14590 182,18 116.9 234.0 5.89 110.1 35.4 37.8 78.7 60.3 3.112 0.50

101 1852 1385,.8 115.2 REZLAXATICN TEST .

102 1857 1385.5 115.1 PELAXYATION TEST

103  tuss 1386.5 113.2 REIEXRTICN *EST

108 1459 128A.0 112.0 RELAXATION TEST

105 1506 13u45,5 110.8 RELIIX2TTION TEST

106 1521 1345.2 108.5 RELIAYATION TEST

107 1605 1343.9 106.5 RELIAYATION TEST. ... .

108 1715 1343.1 104.5 RPLAYATION TEST

109 2116 1381.8 101.2 RZIRYRTION TEST
110 830 1353.4 _.96.7 _RELRXATIOR TEST.



29
29
30
1

32

3
35
3f
37

39
80
81
42
43
ug
a5
L 13
a7
88
ga
50
51
52
53
Sy
5%
56
57
58
%9
60
L]
62
63
LY
R5
66k
57
68

B2y

RGO

850

200

920

agn
*320
1020
1380
1100
1129
1130
1132
1135
1140
1108
1150
1158
1200
1202
1208
1282
1300
1320
1340
1490
1802
1308
1810
1119%
1820
1428
1430
1435
1480
1500
1530
1550
1610
1530
1700

139,28
1230.5%
1211.8
1292.5
1252,0
1274.8
1176,.2
1138 .8
1097.5
10K1,2
127,92
1005,
21,7
971.0
338,3
Ro2 1
350, 2
3136
782,.7
789.1
769.1
534.4
hRI 5
523.%
2a2 .9
585.5
545.0
523.8
188.8%
4R _8
408,?
363.8
234 .8
323.3
213.8
27h,5
215.8
173.12
1854
14,2

59.2

101.2
103.9
119.0
117.5
110.0
102.0
9R.0
94.5
92,9
ag, s
90.5
°0.0
92.5
91,0
23,0
92.5
92.0
91, R
92.5
89.5
89.5
89.3
RR.7
RR.D
RY.0
BB.0
91,9
91.0
e1,1
81.0
91.1
91.0
21,9
RI,0
R9.9
r9.3
RY 5
ga.s
RY.8
r9,5
90.0

230.3
233.8
234,80
233.9
221, 5
228.6
22¢.5
228.1
228.5
223.7
223.5
223.3
223.9
223.6
223.6
223.2
227,23
222.8
222.7
222.2
222.1
221.6
221.6
221.5
221.6
221.5
221.4
221.3
221.1
221.1
2211
220.%
221.0
220.6
220.6
220.7
220.4
220.7
220.7
220.7
220.6

5.98
6.06
6.23
6.39
6.77
7.11
Ta86
7.R0
B.17
R.50
8. 80
9.00
9.12
9.32
9.6
10.02
10.40
10.68
11.01
11.08
11.15
11.91
12.04
12.41
12.73
13.07
13.17
13.36
13.68
14,06
14,41
14,75
15.07
15.17
15.2¢
15.60
16.15
16,49
16.78
17.16
17.56

C00.7TT

100.0
111.5
1M1.7
106.5
102. 4
100.8
3.0
97.9
98,7
96.6
96.6
97.6
98.1
97.9
97.6
97.0
97.1
97.6
95.5
95.6
95.3
5.0
94,2
9u.7
93.8
96.2

1 96.2

96.3
96.0
96.0
96.0
85.5
93.3
94.2
9.0
94.2
93.9
93.9
93.3
93.7

39.5

36.5
35.3
35.9
38.3
41.2
42,2
44,5
45.0
845.7
6.0
46.6
45.6
4.8
45.7
46.1
46,1
46.5
U6.6
47.0
47.1
47.4
47.6
u7.6
47.5
47,5
47.6
47.7
47.9
47.9
48.0
48,3
48.0
48.u
68,3
48.1
4R, 1
48,2
98.2
48.1
48. 3

30.6

31.7
38,1
37.4
34,1
30.6
28.8
27.2
26.5
25.5
25.13
25.0
26.0
26.2

26.1

25.8
25.5
25.3
25.5
28,3
24,2
24,0
23.7
23.3
23.6
23.1
24.3
24,2
24,2
24.0
24.0
23.9
23.8
23.0
22.9
23.0
22.9
22.8
22.8
22.6
22.7

61.2
63.5
76.2
74.8
68,2
61.2
57.6
54.5
52.9
51.0
50.6
50.0
52.0
52.3

- 52.2

51.5
50.9
5046
51.0
4R.5
88.5
87.9
47.4
86.6
47,2
86.3
u8.6
a8.5
48.4
48.1
48.0
47.7
47.5
45.9
45.9
85.9

45.8-

45.6
45.7
85.2
45.4
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59.9
57.7
60.7
60.8
61.0
61.6
€2. 4
62.7
62.6
62.7
62.9
63.3
62.9
63.2
€3.1
63.3
63.1
63.4
63.6
63.2
63.3
63. 4
63.4
63.1
63.2
62.9
63.8
63.9
64.0
63.9
618.0
64,2
63.8
63.7
63.6
63.4
63.7
63.5
63.4
€3.2
63.4

2.550
2.739
3.160
3.084
2.780
2.485
2.333
2.224
2.176
2.116
2.099
2.073
2. 141
2.143
2. 142
2.118
2.104
2.088
2.094
2.033
2.029
2.01
1.995
1.979
1.994
1.974
2.021
2.016
2.010
2.004
1.999
1.988
1.990
1.949
1.950
1.955
1.946
1.944
1.947
1.9481
1.940

0. 58
0.62
0.50
0.50
0.52
0.54
0.54
0.5%
0.55
0.56
0.56
0.57
0.55
0.53
0.54
0.53
0.55
0.54
0.52
0.56
0.56
0.55
0.56
0.57
0.56
0.58
0.53
0.52
0.52
0.52
0.53
0.51
0.53
0.55
0.55
0.56
0.55
0.56
0.56
0.57
0.57




SAMDL® XD, = T 422 TNIE WO, = £ DEPTH = 3.74 YETRES TO 8.92 METRES
CONSOLIDATION RYTIAL SsTPvPce = 93.00 ¥PA
PRETCONSOLTNATIIN PRTSSIRT = 380.00 %P3
RORYALTZING STRESS = 93.00 kP
WORMALIZED SHEIR TECST ©PSULTS START 19820112 END 19820113
pT poR we»L7h NF¥1LZD NRMLZD NBRMLZD
cwwm gy @ DEY ocm CHANSF
STRATN Doy STRFSS STRFESS In pwp
gTRpEn rny KPA KPA
L3:3.]
1 0.00 0.727 0.2u7 0.7%58 0.000
2 0.04 0.172 0.3u8 0.730 0.058
4 D.17 0.283 0.52F 0.692 0.158
5 0.32 0.304 0.4€08 0.676 0.201
[3 0.5 0.32u 0.5087 0.A58 0.231
7 0.55% 0.332 C.5El 0.650 0.2u4
R 0.99 0.33%0 0.677 0.647 0.257
9 0.9 0.342 D.h¥0 0.5637 0.265
10 1.1 0.350 0.h00Q 0.6 0.275
11 1.47 0.258 0.71¢ 0.622 0.283
12 1.80 0. FF 0.721 0.617 0.297
13 2.4 0.372 0.745 0.F14 0.3013
1o 2.50 0.37R 0.757 0.610 0.30%
15 2.565 0.380 0.7¢0 0.613 0.703
4 2.80 0.287 0.746 0.612 0.310
17 2.99 0.38K 0.772 0.614 0.310
18 3.33 n,.3a0 0.781 0.A14 0.312
19 3.66 0.296 0.742 0.R20 0.31)
20 u.02 0.792 0. 709 0.622 0.310
21 .35 o.unu 0.808 0.625 0.202
2?2 8,79 0.u4ng 0.81% 0.532 0.304
23 S5.04 0.uDRr g.89F 0.535 0.302
24 5.22 0,nn9 0.845 0.~38 0.295
25 5.2R8 0.uns 0.871 0.641 0.291
26h .82 0.un% 0.400° 0.6uF 0.285
26 S.78 o.uny n.80¢ 0.6UR 0.284
27 5.89 0.un2 0.704 0.6u9 0.2R1
28 5. 9R 0.229 0.65% 0.644 0.241
29 6. 06 N.3u1 0.R82 0.%20 0.274
20 €.23 0,890 0.82¢0 0.653 0.28%
21 6.39 0.t02 0.804 0.6%4 0.282
32 6.77 0,366 0.723 0.65% 0.254
32 T 0.229 0.6%8 0.662 0.223
34 T7.46 0.31C 0.619 0.671 0.200
35 7.80 0,202 UobBr 0.674 0.185
k{3 .17 0,224 0.549 0.¢6748 0,178
27 8.50 0.274 0.5u8 0.674 0.170
R B.80 0.272 0.5uu 0.676 0.168
39 9,00 0.2A/09 0.528 0.680 0.1€5
80 9.12 0.280 0.5€0 0.677 0.172
41 Q.32 0.281 0.563 0.680 0.163
82 9.fu 0.2%0 0.5¢1 0.678 0.169
43 10.02 0.277 0.554 0.580 0.1€5
uy 10.49 .278 0.5u7 0.678 0.16%
us 10.6R 0.272 0. b5uu 0.681 0.16)
46 11.01 0.274 0.5u48 0.684 0.159
a7 11.04 0.251 0.522 0.679 0.154
gR 11,98 0.2F 0.521 0.680 0.153
yo 11N 0.258 0.5%1% 0.681 0.147
50 12.08 0.255 0.509 0.682 0.1u47
51 12.41 0.251 0.5017 - 0.679 0.10u%
52 12.73 0.7y 0.50R 0.580 0.147
52 13.07 0.2u9 0.498 0.677 0.145
50 13.17 0.7 0.522 0.686 0.145
55 13.346 0.261 0.521 0.687 0.144
56 13.4% 0.260 0.520 0.688 0.182
57 14,06 0.259 0.517 0.687 0.142
58 18,01 0.258 0.516 0.598 0. 142
59 14,75 0.256 0.51% 0.690 0.137
60 15.07 0.255 0.%11 0.686 0. 141
(3] 15.17 0.2u47 0.6Yy 0.685 0.137
62 15.2K 0.2u47 0.492 0.684 0.137
g3 15.60 0.247 0,80g 0.682 0.133
64 1R.15 0.2u¢ U,u02 0.6R5 0.134
65 16.49 0.2u5 0.490 0.682 0.138
£6 16.78 0.2u46 0.899 0.682 0,138
57 17.16 0.243 0.uRA 0.679 0.138
68 17.56 0.724¢6 N.uea 0.582 0.137
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ONTVERSTTY NF MANTTNRY
SNTL MECHANTTS LARORATNRY
PNERGY CRL"NILTIONS

k%%  PRGTNCPFRINM STRETN *x*xx

saworz ¥o. = T 801 HOLE NC. = € DEPTH = 11.48 EETRES TO 11.66 METBES
mES™ RPSULTS  ~ STAPT™ 19810520 PYD 19810618

o™ wppezr  sERecT  pEY TEPFCT  RYTIL  RADTAL  VOL ISSY  Lewy  DELTA  ?oTaL

STGWEY  STG¥A3  eTPESS OCT STREIN STRAIN  STRAIN FNERGY  ENWERGY

L $12.1 XD A xp2 STPESS % 1 4 % xpy < KN=F/VOL KN=M/VOL

xp1
1 1187 77,2 61.s 91.0 1.586  9.22)  1.99% 0.0 0.0 0.000
0.493
2 135.u a3,8 w16 107.7 1.816  0.318 2,445  23.8 0.3 0.493
T 1531 111, 41,5  125.8 2,099 0887 2,992 59.6 0.6 o 1.172
s 171,17 120.8  w1,3  1u3.6 20337 0.563  3.475  91.0 0.9 o7 q.ssu
5 187.8  4A.2  81.5  160.1 20563 9687 3.957 119.6 1.2 T 2.621
6  205.6 14,1  61.5  177.9 20815 0820 m.872 150.5 1.5 0 3.s16
7 222.7  131.2  B1.5  195.0 3.026  3.932  5.890 180.1 1.8 o 4325
R 239.7  198.2 61,5  212.0 3236 1.0 5.308  209.6 2.0 0 5.206
o 256.5  274.9  u1.6  228.8 5073 1.183  5.839  238.6 2.4 0 6.001
10 278.8 32,7 41,7 266.6 3738 1,265 6.086  269.8 2.7 7 1.913
17 292.3  250.p 81,5  264.6 3.960  1.528  7.037  300.7 3.1 1883 s
12 309.8  267.9  41.5  281.7 8.297  1.€92  7.617  930.3 3.0 o0 41008
13 326.2  288.6  G41.6  298.5 6ou57  1.825 8,107 359.3 3.7 T 12.u51
14 3uw.9 2035 wl.e 317.3 9.721  2.007  8.735 391.9 8.1 :'956 14,408
15 360.u  318.8 82,0  332.4 8.998 2,186 9.362  418.1 4.u :°°63 16.471
16 378.5  337.3  @1.2  351.0 5.268 2381 9.931 850.3 4.8 OO0 1g.079
17 395.0  353.4 8.6  367.3 5.527  2.483  10.508 678.% 5.1 f.oss 20.535
1R 818.0 2.6 Gil.u 386.4 5.815  2.65) 11.115  S1.6 5.5 o 22.872
19 830.9  289.5  41.8  803.3 €.600  2.508  11.613  S50.9 6.0 o0 25.096
20 648.1  806.7  81.8  820.5 €.331  2.907  12.145  576.7 6.1 f.oos 27.101
21 ®65.5  826.1  81.4  837.9 6.595  3.08)  12.67€  600.8 6.4 :'j:: 29.417
2.

22 GR2.0 441.1 41.3 854.9 6,839 3.151 13.142 €30.2 6.7 31.533



UNIVERSITY OF M3RTYTORA
SNTYL, MRZHAMTICS LABOPATAPY
PYERGY CALCNLATICWNS

s&ss  BENGINETRIN: STRATW *x%x

SAMPL® WO, = P 4)2 FOLF WO. = € DEPTH = 11.48 METEFS TO 11.66 HETRES
TPST RESOLTS ITYRT  19R10S2E EXD 19810728
pm EFPRCT BPFPCT rEV EFFECT AYIAL RADIRAL veL LSSV Lswy DELTA TOTAL
TIGHAT SIG®A3 STRFSS OCT STRAIN STRBRAIN STBAIN ENERGY EXERGY
Ko KPR L34 SIRESS * 1 KPA 13 EN-N/VOL KN=-N/VOL
KBA
1 118.9 77.2 81.7 91.1 1.508 0.275 2.061 0.0 0.0 0.000
2 136.6 95.2 81,4 109.0 1.847 0.362 . 2585 31.0 0.4 0-5% 0.593
3 1584 112,09 41,6 126.8 2.096 0.539 3.174 €1.8 0.7 0.6 1.309
a 170.R 129.8 49,4 3,2 2.316 0.629 3.574 90.2 0.9 0-376 1.885
5 129.2 m7.0 417.3 161.7 2.505 0.665 3.836 122.2 1.1 0-uat 2.326
6 205.0 163.5 4.5 177.3 2.708 0.755 4.221 1u9. 4 1.4 0683 3.010
7 223.7 121.9 41.8 195.7 2.922 0.R35 U;711 181.2 1.7 04935 3.944
-3 239.9 193.2 4p0.6 211.8 3.141 1.0320 5.202 209.1 2.0 1-023 8.968
9 257.7 215,2 82.5 229.4 3.825 1.224 5.873 239.5 2.3 1-50% 6.473
10 274.8 232,.2 81.% 247.1 3.637 1. 363 €.360U 270. 2 2.6 12131 7.663
11 292.1 . 250.7 4.4 264.5 3.829 1. 48B4 6.797 300.3 2.9 1127 8.791
12 0.1 2RI R g, 287.4 4.0u3 1.585 7.214 329.7 3.1 110 9.960
13 326.% 285,28 [ ] 299.2 4,223 1.712 7.656 360.4 3.8 1301 11.261

TRNIVERSYTY OF MANTY~n3)
eNIL, MP~HANTTS LABNPATARY
TNYRGY CALCOIATTIONS

®kkse  PUGYNETRING STRATY  *%xx

SAPPLE WD, = T 4313 FOL® Ny, = 6 PEPTH = 11.48 FETRES TC 11.66 METRES
TEST ReSOL™YS STAP™ 1981060R END 19R710620
oT BEPPECT gPFTZCAT DRV EFrPERCT AXTAL RADIAL voLr LEsyY Lewy DELTA TITAL
SIGYLT SIG¥a3 STRESS OCT STRAIN STRAIN STRAINW ENERGY ENERGY
L83} KDYy KPR STR®SS L 1 3 < KPR % KN=¥/V0L KN=M/VOL
KPR
1 11R.Q 77.3 41.6 91.2 1.502 0.115 1.732 0.0 0.0 0.000
2 121.9 81.2 50.7 g98.1 1.761 0.118 1.996 14.1 0.3 0-328 0.328
3 168, 26,9 €1.2 107.3 2.078 0.107 2.292 32.2 0.6 0-42¢ 0.754
4 168.2 92.2 72.0 19€.2 24392 0.07a 2.540 50.0 0.9 0-431 1. 186
5 178.8 96.9 £1.9 124.2 2.630 0.042 2.713 €6.0 1.1 0-347 1.532
6 187.6 100.0 R7.6& 129.2 2.820 0.009 2.837 75.8 1.3 0-283 1.815
7 19a.0 102.8 92.0 123.1 2.973 =0.010 2.952 €3.4 1.5 0-23¢ 2.069
L} 200.9 104.3 96.6 136.5 . 3.112 =0.043 3.026 90.5 1.6 0-208 2.277
9 208.5 105.2 03,3 1329.6 3.455 =0,103 3.2489 97.9 2.0 0-578 2.853
10 223.1 112.7 110.8 149,5 3.795 «0.187 3.422 115. 6 2.3 0-552 3.405
11 240.1 117.8 122.3 158.6 8.430 =D.247 3.735 138.1 3.0 i 8.506
12 2%5.1 123, 131.7 167.3 6.020 «0.978 4.202 *51.0 4.8 2-5% 7. 100

0.831
13 272.7 128.7 1.0 176.7 6.329 =1.056 4.217 170.1 5.1 7.531



ONIVERSTTY N¥ EANT™NBA
SOTL MPCHANTCS LABARR™NARY
ERTERGY CALCOLATTINGS

*4%t  PUGTNOFRTNG STRATH ®xxs

SAMBLT WD, = T 4l ROL? XC, = 6 DEPTH = 11.4R MPTRES TO

TEST RPSOLTS START 19810626 EXD 19810819

L grepor BRPECT rev PFFECT AYIRL BADTAL yoL LsSsv

SIGMYY SIGwA3 STREES OCT STRAIN STRAIN . STRAIN
KPR LB Y ¥op STPESS A % % XPA
kP2

1 18,8 77,2 e1.6 91.1 1.253 J. 3€2 1.978 0.0
2 131.9 1.2 £0.6 98.2 1.602 J.342 2.28€ 18.3
3 147.2 5.9 F1.2 1CR. 3 1.922 0.315 2.552 31.0
4 164.3 92.% T1.7 116.% 24251 0.309 2.869 50.4
5 179.7 °3.0 P1.7 12%5.2 2.502 0.273 3.049 67.6
6 187.% 100.% 87.0 129,.5 2.6€7 0.293 3.254 76.2
7 194,.9 103.0 @1.0 133.€ 2.807 0.283 3.305 gu. 4
o] 202.6 195.7 96.9 138.0 2.934 0.189 3.323 93.0
Q 211.0 107.9 102.1 102.9 3.728 0.198 3.511 102.5
10 219.8 111,8 107.0 147.5 3.336 0.147 3.631 111.3
11 225.4 113, 111.9 150.8 3.586 3.115 3.819 118.3
12 232,86 196,72 117.3 1€5.4 3.874 0.059 3.991 127.8
13 281,0 118.7 122.3 159.5 8.,2we6 =0,058 4.2120 135.6
4 256.0 123.9 132.1 1€7.9 5.289 «0.298 4.693 152.3
1% 268.9 1282.7 0.2 175.4 T.766 =1.299 5. 169 166.8

NNIVERSITY OF MANITNRA
SOTL EECPANTCS LRROPAT/RY
ENERGY CRLUMIATIONS

xx%  PRGTNFTRING STRATIN dxxx

SLMDLE WO, = T 405 FCLE WO. = 6 DEPTY = 17,48 PETRES 7O
TEST RESULTS START 19810£30 ERD 19810706
PT EepECT EV¥PECT nEV EFPECT AYIRL RADTAL VOL LSSV
STGHMY SIGMA3 STRFSS OCT STRAIN STRAIN STRAIN
(441 KPR xPh STRESS L % h Kpa
¥PA
1 117.8 76.9 80.9 90.5 1.472 0.288 1.960 0.0
2 117.6 58.* . 89.5 8.6 1589 0.180 1.909 12.4
3 118.9 f0.2 €8.7 79.8 1.702 0.078 1.858 23.6
L} 119.9 82.7 €7.2 75.1 2.009 =~J.11% 1.773 38.3

5 122.1 43.R 78.2 €9.9 2.305 «0,2€7

1.770
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LSNY

|

11.66 BETRES

DELTA
ENERGY

TOTAL
ENERGY

KR-E/VOL KN~N/VOL

0.405
0.401
0.502
0.364
0.383
0.177
0.1u8
0.381
0.35a
0.485
0.528
0.8u46
1.761

3.974

11.66 BETRES

DELTA
ENERGY

0.000
0.405
0.806
1.308
1.672
2.015
2.192
2.340
2.721
3.075
3.560
6,038
4.934
6.695
10.669

TOTAL
PR ERGY

KN=B/VOL KN=-X%/VOL

=0.002
0.0%0
0.145

0.218

0.000
=0.002
0.048
0.193

0.807




URIVERSITY 0P ®i1RNYITARY
SOIL WEZHANTTS LABORATORY

EXPRGY CRLCOTATTIONS

®ees  SHGIVEPRING STPRTN
SAPDLE WO. = T 876 HOLF NO. = 6 peoTy
TEST RESNLTS  START 19R10710 END 19B10R01
P~  EPPECT™  BPFRCT  DPV EFPEC™  AXIPL  PADIAL
SIGYA1 SIG¥A3 STRESS OCT STRATW STRAIN
Kex xPA xoA sTeEes x %
kP2
1 116.9 75.9 810 g9, & 1.480  0.362
2 "o 69.4 50,0 6.1 1.593  p.27
3 119.7 50.9  58.8 80.5 1.650 0.129
s 120.2 52.5 7.7 75.1 1.715  0.0u4
5 120.6 48.5  72.1 72.5 1.790 =0.013
£ 1211 8e.7  76.8 70.2 1.885 =3.081
7 120.% 29.R  BO.R 66.7 1.998 -3.183
MNIVERST™Y N7 wawIm™ORA
SNTL WEBCHANTCS L[ABOPRMARY
PNORGY CALTMT ATIANS
*s%s  DNGINPERTHA STRATY *sex
stwoLZ ¥O. = T 407 FOLP WC. = 6 pEoTY
mEST RESOLTS  STAPT  19R10903 FED 19810904
Bm  ePpECT  sppecT ey EFPECT  AYIMAL  BABTAL
STGNA1  STGA3  STRESS OCT STRAIN SPRAIN
XA xoA. xPa STRESS t x
xo1
1 115.3 14,7 40.5 88.2 0.000  0.00)
2 128.9 63.5 €14 B4.0 0.030 =-3.085
3 130.5 57.8 72.7 82.0 0.190 =0.005
s 138.9 Sy, RO.O £1.6 0.270 =0.135
5 139.8 51.2 P82 0.6 0.390 =0.195
6 181,9 89.3  au,6 80.8 0.4R0 =0.240
7 1871 47.6 99,5 80.8 0.610 =0.305
8 182.5 54.3  88.2 B3.7 0.950 .=D.875
9  135.5 59,8  75.8 £5.1 1.180 «0.590

R K%

= 11.30 METRES TO

= 11.30 MF¥TRES

velL
STRATIY
%

2.204
2.136
1.905
1.803
1.752
1.723

1. €23

VoL
STRAIX

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

Lssv

EPA

9.5
21.4
33.2
38.9
a4.3

51.2

T0

Lssv

KPR

0.0
18.5
28.3
38,2
ut.1
45.9
a9.e
39.7
29.3

LSNY

0.9

LSNV

0.5
0.6
0.7

1.2

212 -

11.48 METRES

DELTA
ENERGY
KR=E/VOL

0.002
=0.119
=0.017

0.027

0.057

0.047

11.88 METRES

DELTA
ENERGY
KN=M/VOL

0.046
0.067
0.061
0.101
0.082
0.126
0.319

0.189

TOTAL
ENERGY
KEN=B/VOL
0.000
0.002
=0.117
~0a.134
=-0.108
=0.051

-0.004

TOTAL
EXERGY
KN=N/VOL
0.000
0.046
0.113
0.174
0.275
0.357
0.u83
0.802

0.991




MNIVERSYITY OF MINITNAPRA
SDIL ABRCHANICS LABORRATARY
PNPRGY CALCOLATIONS

®ses  ENGINPTRING STRATH #exx
SAMPL® WO, = T )R FOLE WO. = 6 LEPTH =
~BS™ RESALTS eraR~  19R10913 END 19810914
pT  EPPECT™  EPPECT  DEY EFFECT  AYIAL  RADIAL
SIGWA?  SIG¥A3  STRESS OCT STRAIN STRAIN
| 4:3 1 KPR KPA STRFSS % %
KEA
1 75.0 50,1 24.9 58.4 0.000 0.00)
2 80.7 45.0 35.7 56.9 0.080 =3.02)
3 87.0 28,0 89,0 54,3 0.760 =0.080
4 91.3 13.8 57.6 £3.0 0.280 <=0.140
5 94.9 31,4 63.5 £2.6 0.800 =0.209
6 9R.1 29.9 68.2 €2, ¢ 0.540 =0.270
7 100.3 29.7 70.6 23,2 0.680 =0.320
R 102.9 28.2 76,7 £2,1 0.750 =0.375
9  104.9 27.5 77.4 83,7 0.890 ~0.640
10  110.6 . 26,7 83.9 su.7 1.100 =0.559
11 115.9 27.3 88.6 86,9 1,390 =0.695
12 1190.4 29.7 Ry, 7 59,6 1.6R0 =-0.840
13 119.5 N 75,5 €2.5 1.970 =0.985
1 117.0 17.2 79,7 €3.9 2.220 =1.110
MNTYERST™Y OF MaNI™NBA
enIl, MPCHAYTCS LABARATAPY
PRERAY CALCOTAPINMS
*kak  PURYTREERTING STRATN *xax
SAWPLE WO, = T )9 HOL® ¥, = & pEPTy =
mes™ RESWLTS STAR™ 19810930 END 19R11002
P~ EPPECT  RPFECT  DEY FFFFCT™  AXIRL  BADIAL
STGMAY  STGMPY?  STRFSS OCT STRIIN STRAIN
'$3) kb2 Ko STRESS * d
133}
1 29.5 19.5 10.0 22.% 0.000  0.00)
2 34.2 15.1 19,1 21.5 0.100 =0.059
3 37.8 12.2 25.¢€ 20.7 0.220 =0.110
) 81.5 10.4 311 20.R 0.380 =9.170
s 42.6 8.8 33.8 20.1 0.880 =0.20)
& 95.2 7.8 3.4 20.3 0.630 =0.215
7 86.9 7.9 29,8 20.8 0.760 ~0.380
8 48.3 7.0 81,3 20.8 0.890 =0.445
9 50.0 6.1 a3.9 20.7 1.170 <0.585
10 53.6 5.9 87,7 21.8 1.450 =0.725
11 56.2 5.9 50.3 22.7 1.730 =0.865
12 61.5 7.0 LY 25.2 2.200 =1.12)
13 62.0 7.4 So,F 25.6 2,370 =1.985
1 64.4 8.8 56.0 27.1 2.660 =1.230
15 66.6 9.7 56.9 28.7 2.940 =1.470
16 66.5 11.7 5,8 20,0 3,240 =1.€20
17 66.2 12.5 53,7 30.4 3.380 «1.€90

11.30 FYTRES TO

VoL
STRAIN
%

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

8.56 MTTRES TO

vnL
STRAIN
<
0.000
0.000
0.000
0.000
0.000
0.000
0.070
0.000
0.000
0.000
0.000
0.020
0.000
0.000
0.000
0.020
0.000

LSSV

KPA

0.0

ug. 6
52.1
52.9
0.0

45.7

LSsY

KP2

7.8
13.2
17.6
20.0
22.8
26,7
25.8
27.9
30.8

32.9

LSNV

0.0

213 -

17.82 HNETRES

DELTA
ERERGY

TCTAL
ERERGY

KN=-RM/VOL KR=-X/VOL

0.012
0.051
0. 064
0.073
0.092
0. 069
0.0R0
0.093
0.177
0.250
0.253
0.258

0.207

8.74 METRES

DELITA
ENERGY

0.000
0.012
0.063
0.127
0.199
0.292
0.361
0. 041
0.540
0.717
0.967
1.226
1. 480

1. 686

TOTAL
ENERGY

KN=-M/VOL KN=N/VOL

0.015
0.027
0.034
0.045
0.053
0.050
0.053
0.119
0.128
0.137
0.267
o.0Mm
0.160
0.158
0.168

0.076

0.000
0.015
0.0u41
0.078
0.121
0.174
0.224
0.277
0.396
0.525
0.662
0.929
1.000
1. 160
1.318
1. 486
1.562




ONIVERST™Y OF MaNITCR2
SOIL ¥METHANTCS LABOFRTORY
PNERGY CALCRLRTIDNS

**xx&  ENGIVPTRING STRATN *%x¥%

SAMPLE %O, = P 410 HOLE N, = 6 NEPTH = 8.56 MYTRFS TO
TRS® RPESTLTS STAP™ 19811005 f?D 19811009
i ERREC™ EFFRCT DEV EFPECT AYIAL RADIAL . VOL Lssy
sIGMAY IIEMA3 STRPSE OCT STRMIN STRAIN STRAIN
KPR L 4201 ¥ PR STRFSS L] ) * KPL
¥PA
1 29.6 19.1 10.5 22.6 1.225 0.385 1.997 0.0
2 6.4 16.8 19.¢€ 23.3 1.648 0.341 2.329 7.5
3 B2.7 1.2 28.9 22.8 2.068 0.227 2.521 15.0
4 8R.1 10.0 30,1 22.7 2.656 «3.015 2.625 22.5
5 54.3 7.1 87,2 22.8 3.301 ~0.382 2.537 30.0
6 57.5 5.4 52.1 22.8 2,651 «0.573 2.505 34,0

ONTVERITTY NF MANTTNrPR
SAT], MTCHFRANTCTS LA BYRBTORY
TNTRGY CILONLATIONS

mkx&  BNRTNEPPTNT STRATN k%=

SAWPLE WO, = T 811 HOLF wC. = F DEPTH = 8,56 WETRFS TC
TEST RPEUYTS STRPT 19871012 EXD 19811014
PT  EPPFTCT™ PRFECT DEV ZFPEC™  AYTML  RADTIL  VOL Lesv
S5TGMA?  SIGMR3  STEPSS  OCT STRAIN STRAIN  STRATK
kP2 xp2 [33) STPESS < 3 % XPa
1411
1 89,2 57.8 31,8 €8.3 0.000  0.00) 0.000 0.0
2 91,3 53,18 g, 66.2 0.080 =0.029 0.000 6.7
3 95,2 49.? 46,0 64.5 0.090 =D.045 0.000 13.6
4 99,9 sa.n 55,5 €2.9 0.220 =0.11) 0.000 21.8
s  102.9 4 1.8 61.1 €2.2 0.340 «0.170 0.000 26.5
€ 106.8 19,4 «7.0 €1.7 0.530 =0.265 0.000 31.2
7 108.7 38.° 70,6 €1.6 0.650 =0.32% 0.000 34,0
2 110.8 37.2 73.6 61.7 0.750 =0.375 0.000 36.3
9  115.7 15,4 RO 1 €2.3 1.040 =0.520 0.000 81,1
10 120.1 3a.8 85,2 €3.2 1.310 =0.655 0.000 48,9
11 123.9 38,0 R9.0 61,6 1.610 =0.805.  0.090 u7.5
122 127.7 15.0 92,1 66.2 1.R80 =0.94) 0.000 49.9
13 130.2 16.6 93,6 €7.8 2.280 =1.14) 0.000 50.8
1 132.8 3IR,7 ag.1 70.1 2.480 =1.240 0.000 51.3
15 1313.8 41.0 92.8 71.9 2,620 =1.610 0.000 50.5

1F 133.5 u1,.+ Q1.9 72.2 2.930 =1.865

0.000

a9, 5

LSNV

214 -

8.76 MWETRES

DELTA
ERERGY

TOTAL
EYERGY

KN¥=K/VOL KN=N/VOL

0.123
0.1
0.209
0.2¢€8
0.172

8.7u4 METRES

DELTA
FNERGY

0.200
0.123
0.254
0.463
0.731

0.902

TOTAL
ENERGY

KE=2/YOL KR="/VOL

0.014
0.021
0.066
0.070
0.122
0.083
0.072
0.223
0.223
0.261

0.285
0.372
0.183
0.318

0.102

0.000
0.014
0.035
0.101
0.171
0.293
0.375
0. 447
0.670
0.894
1. 155
1. 400
1.772
1.959
2.277

2.379
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ONIVERSI™Y OF MANITNRR
SOILT WRCHANTCS LABORA™RY
BENERGY CALCOLATIO®N®

xxx%x ENGTYNEFRINS STPRTN *%xwx

SAMDLE N0, = T 212 ROLE NC, = 6 DEPTH = 8.56 METRFS TO 8.74 METRES
TEST RESULTS START™ 19811017 EXD 198110éu )
pT EFpeRCT BPFPECT nev EFFECT AYIAL BADTIAL VOL Lesv LSNY DELTA TATAL
SIGuAY SIGMA3 STRPSS OCT STRAIN STRAIN STRAIN ENERGY ENERGY
[ 28] L$: 3} ¥pr STPESS % L] L3 ¥PA % KK=-M/VOL KN=-E/VOL
KPR
1 89.1 57.9 31.2 6R.3 3.£35 1.032 5.700 0.0 0.0 0.000
0.286
2 97.5 53.7 43.% 68.3 3.937 1.000 5.938 10.3 0.3 0.246
0.208
3 105.7 89.u 56.3 68,2 4,254 J2.89) 6.03u 20.5 0.7 0.454
0.236
u 114.3 #5.% €8,.8 68.4 4.€22 J.713 6.047 20.7 1.1 0.691
0.352
5 122.5 41.4 81,1 68.4 5.090 0.48) 6.050 40.7 1.7 1.043
0.300
6 127.0 B B7.4 €8.7 S U8B6 J.24) 5.967 45.9 2.2 1.343
0.605
7 130.2 36.9 93.2 €8.0 6.205 ~0.177 5.850 £0.7 3.1 1.948

ORIVPRST™Y NT MyNITOBHA
SNTL MPIWANICS LABORATARY

®EXE PNSINFERING STRATN  ®%xx

SAMDLE WO, = P 412 RALF WC. = € TEPTH = 8.56 METREFS TC 8,74 METRES
TTST RESHTL"S START™ 19YR11102 ERD 19811103
. -
T fowmt  sroers  frarss oen’ | eveaee BADIAL YOL LSS iswv pmim LS
L34 XDR Fp2 ig:ESS % L3 * KPA 1 KK=M/VOL KH;!/VOL
1 56.0 0.3 17,7 .2 0.000 .00  0.000 0.0 0.0 0.000
2 sé6.s 36.1  20.4 42.9 0.010 =-0.005  0.000 22 0.0 %% o0z
3 63.0 28.6 30,8 40.1 0.130 =0.065  0.000  15.8 0.2 00 .05
8 ek.k 25,3 813 39.1 0.260 -0.130  0.000 21.2 0.3 " o.osu
5 69.7 22.¢ w68 38.5 0.830 -0.215  0.000  25.7 0.5 O o.159
6 1.8 21.2 <o 38.0 .£20 -0.260  0.000 268 0.6 o o.203
T 736 20,1 535 37.9 0.650 -0.330  0.000 31.2 0.8 0 o.275
8 75.1 19.0  56.1 37.7 0.790 -0.395 © 0.000  33.3 1.0 O o.307
@ 78.1 17.p 0.6 38.0 1.070 -0.535  0.000 3.6 1.3 O o.s10
10 81.7 17.8 eu.3 1.8 1.350 -0.675  0.000 39.2 1.7 " o.ess
11 8u.k 17.6  67.0 39.9 1.630 =0.815  0.000 80.9 2.0 O g.sse
12 86.0 18,2 €7.8 0.8 1.790 -0.895  0.000 1.3 2.2 O o.976
13 86.8 18.9 67.9 “’;5 7.920 =0,960 0.090 41.2 2.4 0-088 1. 065
0.100

1% 86.1 20.7 €5.4 4z2.5 2.070 =1.035 0.000 39.1 25 1. 165



ONTVERSYTY OF NANWTITORY
SNIL MPCHANICS LABORATORY
EVERGY CALCOLATINNS

216

*%%%x PNGINPTRING STRATN ®exx
SABPLE NO0. = T a18 ROLF WO. = 6 DEPTH = B8.74 METRES TO 8.91 NETRES
TEST RESOLTS START 19ﬂf1105 END 198111122
o® PPFECT™ gepwc™ nEY EFFECT AXIAL RADYAL voL LSSV LSRV DELTA TOTAL
SIGUA1 SIGHUA3 STRESS OCT STRRAIR STRAIN STRAIN . ERERGY ENERGY
KPA Kp3 ¥PA STRESS % % L3 KPA % KE-B/VOL KK=§/VOL
KPR
1 59.5 8.5 21.0 a5.5 2.529 J.784% 8.097 0.0 0.0 0.000
0.096
2 68.0 35.8 32.2 46.5 2.727 J.743 4.274 9.3 0. 0.096
0.078
3 72.0 32.4 39,5 45.6 2.886 ). 695 8.276 15. 2 0.6 0.174
0.149 .
L] 77.9 29.0 48.9 45,2 3.8 0.613 8.3934 22.8 0.7 0.323
0. 148
5 B4.5 26.0 58.5 45.5 3.399 3.509 4.817 30.6 1.0 0.867
0.088
6 87.4 24,5 62,9 a5.5 3.561 J.uo08 4,376 38,2 1.2 0.555
0.130
7 90.6 22.9 €7.7 a5.5 3.7u49 J.330 9.408 38.1 1.4 0.686
0.179
8 93.6 21.3 72.3 4s.a 8.031 D.748 8.327 81.9 1.8 0.865
0.264
9 96.5 19.8 76.7 as5.4 8.803 ~3.070 8.263 45.5 2.2 1.129
UNIVERSITY N¥ MANTTORY
SOTL MECHWANTCS LA BORATORY
ENERGY CALCOLAPTIOWS
xfse  ENGIVEPRING STRATN *sx=
SA¥PLE WO. = T 815 HOL? %0. = 6 DEPTA = 11.30 EFTRES TO 11.48 MNETRPS
TBST RESALTS START 19811027 END 19811031 )
PT BPFPECT RFPECT DEV EFFECT AXIRL BRADIRL voL LSSV LSV DELTA TOTAL
STYGYUA1 SIGNA3 ETRESS OCT . STRAIN .STRAIR .. STRAIN ENFRGY ENERGY
KPA L3 1 KPR STRESS ] L) KPA 13 KK=-N/VOL KK=E/VOL
KP2
1 78.0 50.8 27.2 59.9 0.665 J.053 0.772 0.0 0.0 0.000
0.098
2 B6.8 46.8 39.6 60.0 -. 0.858 =0,003 _ 0.881 10.1 0.2 0.098
. 0.185
3 94.5 42,8 52.1 59.8 1.133 =3.125 0.883 20.3 0.5 0.283
0. 201
8 102.4 37.9 €a,.5 59.8 1.895 <=).313 0. 858 ° 30.5 1.0 0.844
0.294
5  110.¢° 38,1 76.8 _ _59.7 1.938 . -0.565.. 0.806 80.5 1.5 0.738
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INTIVERSYTY OF NRWITNRA
eQTL MPCHAWICST LABOIRATNRY
BTERGY CRLCNIRATIONS

*x%xx  ENGYNPFRINZ STRATN *e%x

SA¥OLZ RO. = ™ 816 HOL? NC, = € PEPTH = 11.30 METRES TO 11.48 METRES
TEST RESOLTS STEFT 18811106 E¥D 19811108
e @PFECT SRPPECT rev FPEPFCT AYTAL RADIAL VoL Lssv LSNY DELTA TOTAL
sIGMLT SIGYr? STRESS CCT STRMIN STRAIN STRAIN ENREPGY ENERGY
L8 2} L 42} | $:2.) ig:rs= % % ¥ KpPa % KK-M/YOL KR=2/VOL
1 88,3 28.R 1R, 5 32.0 0. 000 J2.000 0.000 0.0 0.0 0.000
2 5.1 24,7 20.8 1.2 0.0'0 «J.005 0.000 2.3 0.0 0-002 0.002
3 2g9.4 20.7 28.¢ 30.3 0.0A0 =3.03) 0. 000 8.7 0.1 0-012 0.014
[ 55.3 17.1 38,2 29.1% 0.190 ~).09%5 0.000 16.5 0.2 0-043 0.058
S 59.0 18.4 83,86 29.9 0.320 =2.162 0.000 20.8 0.4 0-0%3 0.111
6 62.7 ‘4,8 48,2 30.6 0.860 <=0.23) 0.000 0.4 0.6 0- 064 0.175
7 65.0 14,0 5.0 31.0 0.580 =0.29)0 0.000 26. € 0.7 0-060 0.235
8 68.3 13.7 54,6 31.9 0.730 «J.365 0.000 29.5 0.9 0-07 0.314
9 7.9 13.8 58,1 3.2 0.830 «).u4u) 0.000 32.4 1.1 0-083 0.398
10 74,1 3.9 0.2 34.0 1.010 «~0.505 0.000 34.2 1.2 0-077 0.475
11 77.0 14.2 62.8 35.1 1.150 «02.575 0.000 36.6 1.4 0- 088 0.561
12 78.5 1,4 66,1 35.8 1.300 =02.65) 0.000 37.¢8 1.6 0-0%3 0.657
) 0.7 15.0 5,8 36.9 1.4820 =J3.710 0.000 39.6 1.7 0-078 0.735
14 8F.1 15.9 70.2 39.3 1.710 =0.855 0.000 4.1 2.1 0-197 0.932
15 87.9 16.8 71.0 40.5 1.850 =J.925 0.000 45.3 2.3 0-0% 1.031
16 ag.1 17.? 71.8 41.2 1.990 «3.995 0.000 46.4 2.4 0.100 1.131
7 91.5 19.7 71.8 a3.6 2.280 =1.18) 0.000 48.0 2.8 0208 1.339
18 91.7 20.7 71.0 [ 119 2.0830 =1.215 0.000 7.9 3.0 :.;Z; 1.446

19 91.7 21.2 70.5% au,7 2.500 =1.25) 0.000 87,8 3.1 1.495
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UNIVERSTTY OF MyWTI™NR}
SOIL MZCRANTCS LABARATARY
ENERGY CRLCULATIONS

4%k  PNRINPFRTING STRITN *x%x
SRMDLZ WO, = T 417 EOLF WO. = 6 PEPTH = 11,30 WETRES T0 11.88 METRES
TEST RESOLTS STAPT™ 19811106 END 19811118
PT  E¥PECT  PPFFCT DBV EFFECT  AYIAY  RADIAL  VOL LSSV  LSWY DELTA TOTAL
SIG®A1  STGwA3 STRFSS OCT STRATN STRAIN  STRAIN v ERERGY  ENERGY
KPA XPL ¥oR STRESS L 3 % ] KPA * KE~N/VOL K N=M/VOL
KP?
1 38,8 25.2 12.5 29.8 -0.076 =3.183 =0.356 0.0 0.0 0.000
2 37.5 21.7 15.8 27.0 . .=0.129 =~).283 =0.625 5.3 0.2 -0-om -0.071
3 38.1 18,0 18,2 26.0 -0.185 =3.319 «0.78% 7.7 0.3 -0.-03¢ =0.107
[ 37.7 17.3 20.8 28.1 =~0.153 =}.38R =0.929 1.4 0.8 =0-023 -0.135
5 37.3 14,5 22.8 22.1 =0.155 =3.46) =1.075 15.3 0.5 -0-02¢ =0.159
3 37.1 13,1 26.0 21.1 =-0.155 =).%21 -1.198 17.3 0.5 -o-017 ~0.176
7 6.9 T1.8 25.1 20.2 =-0.188 <),578 =1.305 19.2 0.6 -0-012 «0.188
8 37.0 10.% 26.2 19,5 =0.148 =).683 ~=1.446 20.6 0.7 ~0-016 -0.203
9 36.4 9.1 27.32 18.2 =0.158 «).785 =1,727 23.0 0.9 ~0-031 -0.234
10 36.0 fol 29.6 16.3 0.019 «1,053 =2.100 26.9 1.3 0-021 -0.213
UNIVERSTTY O%¥ MANITNRA
SOYL NECHANTCS LB BORATORY
ENFRGY CALCUIATIORS
*%xxx  ENGTWETRING STRATN *xxx
SAMOLE NO, = T 818 HALF NC. = 6 D®PTH = 8,56 METRES TO 8.74 METRES
TEST RPSULTS STER™ 19811211 END 19811212
PT EPPPTY  PPFEF™  DEV EFFECT AYIAT  RADIAL  VOL LSSV LSHV DELTA TOTAL
"7 SIGWA1 SIGNA3  STRESS 0OCT STRAIN STRAIN STRAIN ENERGY  ENEBGY
133 (331 xpa STRPSS L s L] XP2 L KN=¥/VOL KN~M/VOL
KPR
1 29.1 21,4 8.0 24,1 0.000 3.00) 0.000 0.0 0.0 0. 008 0.000
2 31,3 18.8 12.9 22.7 0.040 =0.02) 0.000 4.6 0.0 0. 029 0.004
3 36.0 12.5 23.5 20.3 0.200 ~0.100 0.000 14,2 0.2 0.025 0.033
8 37.1 11.2 25.9 19.8 0.300 =0.15) 0.000 16.4 0.0 0. o3 0.058
5 38.7 10.5 28.2 19.9 0.4860 =0.23) 0. 000 18.0 0.6 0. 086 0.101
6 39,0 9.7 29,3 19.5 0.620 <«3.310 0.000 19.1 0.8 0. 051 0.147
7 39.3 9.0 30.3 19.1 0.790 «3.295 0.000 20,1 1.0 0,03 0.198
8 39.0 8.7 30.3 18.8 0.910 =).855 0.000 20.8 1.1 5. 052 0.238
9 38.8 8.3 30.5 18.5 1.080 =0.51) 0.000 20.8 1.3 0.092 0.286
10 39,5 8.4 31.1 18.8 1.380 <0.€90 0.000 21,0 1.7 0. 098 0.378
11 39.9 8.5 31,8 19.0 1.680 <=D.842 0.000 21.0 2.1 0. 101 0.472
12 80.1 8.5 31.6 19.0 2.000 =1.002 0.000 21.1 2.4 0. 102 0.573
13 %0.5 8.t 22.1 19.1 2.320 ~1.1€) 0.000 21.5 2.8 0. 005 0.675
14 40.3 B.U4 31.9 12,0 2,860 «1,23) 0.000 21.4 3.0 0. 005 0.720
15 40.8 B.5 31.0 19,1 2.600 =1.200 0.000 21.3 3.2 0.768
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UNIVERSITY OV MARI™ORA
SOIL MFCHANICTS LABORA™CRY
ENERGY CALCULATIONS

*%x&  PHGTNPERING STRATN #xex

SAMPL? NO, = T 419 ROLF WC. = 6 DEPTH = 8.74 FETRES TO 8.92 METRES
TEST-RESOLTS STEPT 19811210 . END 19811215
pT 2PPECT CFPECT nEv EFFECT AYTRL RADTAL veL 1ssv LSwY DELTA TOTAL
SIGHRY SIGM23 STRESS OCT STRAIE SIRALX STRAIN ENERGY ERERGY
[ $:4.) L .43 ¥PL STRFSS % ] T KPR ] KE=-R/YOL KN=-N/VOL
|92 .
4 32.9 2%.0 1.1 2u.7 6.127 0.957 8.042 0.0 0.0 0.000
=0.006
2 31.% 16.F 15.2 21.7 6.18¢ 0.892 7.969 6.2 0.1 =0.006
=0.001
3 22.5 13.2 9.3 19.6 6.262 0.80% 7.875 11.0 0.3 «0.007
-~0.003
u 32.5 9.0 23.5 16.8 6.3F3 0.Fl48 7.651 17.0 0.5 =0.010
0.054
5 32.8 5.2 27.6 14.4 6.672 0.313 7.297 22.4 1.1 0.04u
0.419
€ 33.% 2.2 30.6 13.48 T.661 1.374 10.809 25.2 1.6 . Da.862

UNIVERSITY OF MANTI™ORER
S3TL MECHANTITS L®BORR™IRY
ENERGY CRLCOLATIDNS

*&x*  ENGINEFRINS CTRATN #x%x

SAWDL? NO. = P 420 H2LT NC, = A DEPTY = B.56 METRPS TC 8.74 METRES
TEST RESOLTS STAPT 19R11214 END 19811211
PT EPFPCT PREREFT DEV EFFEC™ EYIRL RADIAL voL LSSy LSRV DELTA TOTAL
SIGYAY SIGHMRA3 STREES OCT STRAIR STRAIN STRAIN ENERGY ENERGY
[$:2] KPR FPA STPESS % % % KPL % KF=F/VOL KN=NM/VOL
|32}
1 6.7 40.0 21.3 47.5% 0.020 0.000  0.000 0.0 0.0 0.000
2 €4.6 25.4 29.2 45.1 0.050 =0.025 0.000 7.6 0.1 0-013 0.013
2 69.3 29.2 80,1 u2.6 0.200 ~2.100 0.000 17. € 0.2 0-052 0.065
[} 70.9 26.7 ey, 2 a1.4 0.340 «3.170 0.000 21.4 0.4 9-0%3 0.128
5 71.8 2.9 46.9 40.5 . 0.520 =0.26) 0.000 2441 0.6 9-002 0.206
6 72.2 28,0 48,2 a0.1 0.650 =0,.325 0.000 25.5 0.8 0-062 0.267
7 72.9 23.5 L] 80.0 0.840 =0.420 0.000 26.4 1.0 0-0%3 0. 360
B 72.8 22.8 50.0 39.5 0.950 =0.875 0.000 27.3 1.2 0-0%5 0.815
9 73.? 22.5 50.8 39.8 1.130 =0,565 0.000 27.8 1.4 0.0 0.50¢6
10 73.8 22.0 51.8 39.1 1.280 =0,.648)0 0.000 28.5 1.6 0-07 0.582
1M 73.6 21.7 51.9 -39.0 1420 =2.71) . 0.000 29.0 1.7 0-072 0.654
12 73.8 21.u 52.u 38.9 1.580 =0.79) 0.000 29.5 1.9 0-083 0.738
13 73.9 21.2 52.7 38.8 ~ 1.750 -0.875 0.000 29.8 2.1 0- 08 0.R27
14 74.5 21.1 53.4 38.9 .. . 2.060 ~1.030 0. 000 30.1 2.5 0.8 0.992
15 75.1 21.1 54,0 3e.1 2.380 «1.79) 0.000 30.4 2.9 0-172 1.164
16 75.5 - 20.9 S54.6 39,1 2.710 =1.355 0.000 30.8 3.3 0-178 1.343
17 76.0 21.3 54,7 39.5... 3.150 ~1.575 0.000 30.6 3.9 0-240 1.583
18 76.1 21.6 54,5 39.8 2,380 ~=1.67) 0.000 30.2 4.1 Z.::: 1.687

19 75.9 21,9 f8_0 39.9 3.670 =1.8R35 0.000 29.8 4.5 1.866
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*4%x% ENRINETRTNZ STRATY  *¥&x

SAWDLR RN, = T 029 BOLE WC. = 6 DEPTH = 8.74 METRES TO 8.91 XETRES
TES™ RUSALTS STIRT  19R2010R EXD 19R20170
o EPPECT EPFECT nEV EFFFC™ AXIRL RADTAL Vol Lssv 1ENV DEL™R TO™AL
SIGHNAY STGur2 ETPESS CCT STRRMIK STRAIX STRAIK ENERGY ENERGY
KPA © KP2 Le:al STIRFSS 13 s % KPR % KF=N/VOL XN~ /VOL
KEA
1 62.0 20.2 21.8 47.5 8.017 1.63) 11.278 0.0 0.0 0.000
2 64.4 38.R 25,8 47.3 8.229 1.615 11.458 3.1 0.2 0.1 0.121
3 67.6 37.6 30.0 47.6 R.059 1.602 11.663 6.7 0.4 0-142 0.264
u 70.2 36.0 3u.2 47,4 R, 600 1.563 11.7€5 10.1 0.6 0-0%6 0.359
5 73.1 3.7 38.4 47.5 8.770 1.5%53 11.876 13.6 0.8 0-c86 0. 446
[3 78,48 13.9 20.5 47,6 8. 8686 1.515 11.919 15.3 0.9 0-061 0.506
7 75.7 33.2 42.% 47,4 8.971 1.879 11.92¢ 16.9 1.0 0-038 0.544
-] 77.3 2.7 48,6 47.6 9.102 1.830 11.962 18. 6 1.1 0-068 0.613
Q 78.8 11,6 ue. 8 87.2 9.224 1.4823 12.082 20.8 1.2 0-09% 0.707
10 79.8 31.0 ug, 8 4.3 a,819 1.372 12.164 22.0 1.4 0.1 0.826
n 81.5 30.6 50.9 u7.6 9.672 1.306 12.283 23.8 1.7 0-163 0.989
12 24,0 29,0 55.0 47.3 10. 001 1.188 12.369 27.1 2.1 0-200 1.189
13 8.7 27.% 89,1 87.3 10.557 0.967 12.892 30.5 2.7 0-352 1.581
18 89.5 26.8 63.1 47.4 11. 249 0.631 12.611 . 33.7 3.6 :.ilz 2.057

15 92.5 24,5 €8.0 47.2 12,244 0.179 12.602 37.7 8.7 2.641
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*%x%  PNGINETRTNS STRAIN **=x&

cawoLZ WA, = T 822 FOLE WO. = 6 PEPTA = 8.74 EETRES TO 8.92 METRES
TecT RPSULTS  START  19R20112 END 19820113
pr  EPFECT  wEPECT NPV EFPECT  AYIAL  PADIAL  VOL LSSY  LSRY  DELTA  TOTAL
SIG¥A1  SIG¥A3  STRTSS OCT STRAIN ST™RAIN  STRAIK ENERGY  ENEEGY
koA x5 kPR sTRess s x P KPA % KE-K/VOL KN-F/VOL

1 BS.s £2.5  22.9 70.1 0.000 0.000  0.000 0.0 0.0 0.000
2 89.3 57.2  32.1 €7.9 0.040 =0.02)  0.000 8.4 0.0 00 o
3 97.0 sR.Y  uB.9 €u.u 0.170 =0.08%  0.000  23.4 0.2 003 . 06u
s 100.5 88,0  56.5 67.8 0.320 =0.160  0.000  30.2 0.4 0078 163
5 101.3 41,1 60.2 61.2 0.500 ~=0.25)  0.000  34.2 0.6 0-195  4.2u8
£ 101.6 30,9 61.7 63.5 0.€50 =2.325  0.000  35.8 0.8 009 4339
7 101.8 1.8 £3.0 59.8 0.800 =0.500  0.000  37.3 1.0 0-0%% 4633
g 101.6 18,0  63.¢ 5.2 0.910 =0.455  0.000  38.2 1.1 0070 502
9 102.0 17,0 65.0 58.7 1.130 =0.565  0.000  39.7 1.4 01 o eus
W0 102.2 35,6 6ELF 7.8 1.870 =0.735  0.000  81.6 1.8 0-228 967
11 102.7 .7 6R.0 57,0 1.800 =0.900  0.000  43.0 2.2 0-222 | 090
12 103.3 8.0 69,7 57.1 2.188 =1.070  0.000  48.1 2.6 0-23 323
13 103.7 23,3 70.4 6.8 2.500 =1.25) 0,000  45.2 3.1 0-291 1.574
C18 1041 13,0 70.7 £7.0 2.€50 =1.325  0.000  85.2 3.2 019 680
15 104.u 23,2 7.2 6.9 2.840 =1.42)  0.000  45.6 3.5 0135 .18
16 105.0 13,2 TP 57.1 2.990 =1.495  0.000  85.8 2.7 0107 a2
17 105.5 32.9 72.6 . £7.1 3.330 =1.665  0.000  U46.4 4.1 0285 168
18 106.8 13,1 737 IR 3.660 =1.83)  0.000 6.8 4.5 0281, 08
19 107.8 12,0 74.3 57.9 4.020 =2.010  0.000 7.0 4.9 0-268 676
20 108.2 33,0 75.2 £3.2 8.350 =2.175  0.000  87.5 5.3 0-287 5922
21 109.3 33.5 75,8 58.8 8.700 =2.350  0.000  87.5 5.8 026 5 4e7
22 109.5 33.7  7%.9 59.0 5.000 =2.520  0.000  87.4 6.2 0-2% 5
23 109.9 38.1 75,8 . 59.8 5.220 =2.610  0.000 . .87.0 6.8 0137 se
28 109.9 38.5  75.8 59.6 5.380 =2.690  0.000  86.6 6.6 0121 5702
25 110.3 35.0  75.3 60.1 5.630 =2.765  0.000  86.2 6.8 013 5es
26 110.4 15,2 75.2 £0.3 5.780 =2.870  0.000  86.0 7.0 :'::z 3.973

27 110.1 35.4 78.7 60.3 5.890 =2.985 0.000 45.6 7.2 8.085



