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ABSTRACT

This thesis investigates the effects of stress-release disturbance on
the shear behaviour of simulated offshore overconsoclidated c¢lay samples.
The test program was designed to search for laboratory procedures which
can best recover the insitu strength of the clay. The study involved
one~-dimensional consolidation of remoulded illite followed by unloading,
reconsolidation and undrained shearing. Careful handling of samples was
emphasized so that mechanical disturbance could be minimized.

Eleven samples were consolidated one-dimensionally, first in cylinders
from a slurry, and then in triaxial cells. The final overconsolidation
ratio of the samples was 2.0. HNine of the samples were offiocaded to simu-
late the sampling process, and then reconsolidated using the dwell period
and the reconsclidation procedures as parameters for study. The undrained
behaviour of these samples was then compared with that of two control sam-
ples which had not undergone stress-reiease disturbance and therefore rep-
resented the "insitu" behaviour,

During the period of total stress unloading from a mean principal
stress of about 555kPa to 5kPa, the reductions in effective mean principal
stress p' were only from 55kPa to 51.5kPa. During dwell periods after
unloading, the further reductions in p' were 0-3.2kPa for samples subject-
ed to 15-minute and 1-day periods, and 7.4-21.2kPa for 1-week-dwell sam-
ples, If identical reconsolidation procedures were used, the strengths of
samples'" which had undergone undrained unloading were unaffected by the

duration of the dwell period. Anistropic reconsolidation to ‘'insitu"




stresses was successful in reproducing insitu shear strengths and Af-val-
ues. |sotropic reconsolidation to 0.6 x O{C was also successful in repro-
ducing insitu strengths. Af-vaiues were however overestimated. Isotropic
reconsolidation to 1.0 X jS overestimated both the insitu strengths and
the Af—values. A1l three reconsolidation procedures overestimated the

ef—values and underestimated the Egp ~values. The overconsolidated

strength parameters determined were c'=16kPa and $'=18".
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Chapter |

INTRODUCT I ON

1.1 GENERAL

All civil engineering works apply loads to underlying strata. The fun-
damental theories of soil mechanics, site investigation practices, analy-
sis and design in geotechnical engineering have all been relatively well
developed. However, because of the nature of the work, most of the re-

search efforts on all these aspects and the compariscons with field per-

formance have been associated with constructions onshore. Until recent
years, structures offshore have received very 1little attention as far as
geotechnical engineering is concerned. Exceptions included the civil en-

gineering design of shallow water structures such as wharfs, docks, dams
and breakwaters. |In the past two decades, the increasing demand for ener-
gy resources and the unstable political situation in the oil-rich Middle-
East have pushed hydrocarbon recovery into offshore areas in many parts of
the world. This has caused more attention 1fo be placed on offshore geo-
technical engineering, for both the evaluation of offshore soil profiles
and behaviour, and for appropriate design and construction practice.

There are two kinds of seabed structures commonly wused as drilling
platforms in offshore hydrocarbon recovery, namely gravity structures and
piled structures. A gravity structure consists of massive concrete units
resting on the seabed. It relies on its large mass to provide the stabil-
ity to resist loads imposed for example by wind, currents and waves. On

the other hand, a piled structure consists of steel members connected in a
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tower configuration, with piles penetrating underwater strata to provide
stability. 1In most cases (especially in deep water), piled structures are
more economical compared with gravity structures.,

As hydrocarbon recovery moves into deeper water in many paris of the
world, structural loads for the piles increase (Semple et al{1982)).
Larger and longer piles are being used. These piles frequently penetrate
into stiff clays that appear to be normally consolidated. (At the time of
writing, water depths commonly approach 200m, piles may be 2.5m diameter,
and penetrate 75m into stiff clay or sand.) Design of piles requires: (1)
a knowiedge of the strength of the clay, (2) an understanding of the be-
haviour of long and relatively compressible piles in stiff clay, and (3) a
collection of case studies regarding the design and the field performances
of piled structures.

This thesis deals with the first of these three requirements, namely
the probiem of finding the strength of the c¢lay in the seabed. Both insi-
tu testing and laboratory testing are used in practice to measufe the
strength of the clay. Cone penetrometer testing is now a standard part of
many site investigations, while a range of other devices, such as the
pressuremeter and the remote vane are applied occassionally. An advantage
of insitu testing is that it usually provides continous records of the
soil variability. However there is ongoing discussion among researchers
regarding the conversion of the measured results to commoniy used design
parameters such as the cohesion ¢! and the friction angle ¢. A complete
of fshore geotechnical investigation therefore commonly comprises both in-
situ testing and sampling for laboratory testing. Laboratory testing com-

monly consists of on-board testing of samples for a preliminary evaluation

1 symbols are defined in the Li{ST OF SYMBOLS




3
of the data, and further testing in an onshore laboratory for detailed
analysis (De Ruiter and Richards (1983)).

This research project deals with problems associated with sample dis-
turbance. Equipment which aims at reducing mechanical disturbance during
collection of offshore samples is quite well developed (De Ruiter and
Richards (1983)). Examples are (1) the hydraulically activated motion com-
pensator to overcome problems associated with heaving of the drilling ves-
sel in seawaves, and (2) seabed mounted drill string control units (Fug-
ro's "Seaclam'" and McClelland's "Stingray" for example) which serve to
increase reaction and to provide both vertical and horizontal stability of
the drilling equipment during operation. The aspect of mechanical distur-
bance will not be studied in this investigation. The thesis deals specif-
ically with the other aspect of sampling disturbance, namely process dis-
turbance due to stress release. Seabed clays can be under high effective
stresses and high porewater pressures depending >on the soil depth and the
water depth. Sampling causes release of the total stress which leads to
the generation of high negative porewater pressure and swelling of the
sampies. The degree of stress-release disturbance experienced by the sam-
ples is complicated by the duration of the dwell period between sampling
and testing in the laboratory.

Consolidated undrained shear tests are usually performed to determine
the strengths of clay samples. However even for perfect samples which
have undergone no mechanical disturbance during sampling, stress-release
disturbance causes the strengths measured from "samples''? to be unrepre-

sentative of the "insitu soils".? The present study is designed to gain

? "samples" in this thesis refers to those soil specimens which have un-
dergone process disturbance during sampling.

? "insitu solls" in this thesis refers to the soils In the ground, to
which no manmade disturbance has been introduced.
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more insight into the behaviour of offshore samples under conditions of
stress release, and to search for laboratory procedures which can best re-

cover the insitu strength of the clay.

1.2  QOBJECTIVES

As mentioned previously, the main purpose of the present study is to
recover in the laboratory the insitu strengths of offshore clays which
have undergone stress release after sampling. In addition to this, the
other specific aims of this investigation are as follows:

1. to continue the development in the University of Manitoba of tech-
niques for preparation and testing of one-dimensionally consolidat~
ed remoulded clay samples.

2. to measure the failure envelope and Critical State parameters of
remouided 1illitic. clay from Illinois (Grundite used by Wu et
al (1983)).

3. to inveétigate other traditional parameters such as undrained shear
strength, porewater pressure parameters, elastic moduli, relative
stiffness andistrain rate parameters for the remoulded illitic
clay.

The laboratory testing program consisted of eleven jarge diameter
(76mm) triaxial tests on overconsolidated clay. (Another eleven samples
on normally consolidated clay were inciuded in a parallel program conduct-
ed by Ambrosie(1984).) Standard classification tests on the remoulded il-

litic clay were also carried out.
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A review of sample disturbance associated with stress release will be
presented in Chapter 2, before proceeding to the design of the testing
program in Chapter 3. Following the sample preparation and test proce-
dures in Chapter L4, the results obtained from consolidation and undrained
shear tests are presented in Chapters 5 and 6. Discussion of the test re-
sults and conclusions are presented in Chapters 7 and 8 respectively.

These will be followed by tables, figures and appendicies.




Chapter ||

A REVIEW OF SAMPLE DISTURBANCE ASSOCIATED WITH STRESS
RELEASE

2.1 INTRCDUCT I ON

In recent years, the ever increasing demand for energy resources has
pushed the petroleum industry into offshore recovery. Regardless of the
type of production platforms selected, geotechnical investigations of the
seabed sediments are required. Offshore site investigations originated in
the shallow and relatively calm waters of the Gulf of Mexico. The sup-
porting piles for platforms couid therefore be designed on the basis of
relatively simple site investigations. As hydrocarbon recovery moves into
more difficult soil profiles, deeper waters and adverse environments in
other offshore areas of the world, {e.g. the North Sea and the Beaufort
Sea), larger and longer piles are being used {(Gibson and Dowse{1981), Sem-
ple et al(1982)). Complex and precise investigations are now required for
the design of safer and more economical foundations.

The insitu shear strengths of clays are commonly measured by testing
"undisturbed' samples coliected from the seabed. These so called "undis-
turbed" samples have however undergone two categories of disturbance,
namely mechanical disturbance and process disturbance. Mechanical distur-
bance is associated with pushing, rotating and extracting the sample tube
during sampling. Process disturbance on the other hand, is associated
with the release of the effective and porewater stresses experienced by

the sample while it was stil] in the seabed. The research presented in
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this thesis has been designed specifically to investigate the influence of
process disturbance on the quality of samples, leaving out those effects
associated with mechanical disturbance.

This chapter summarizes works by various investigators on the area of
sample disturbance due to stress release. Since only a limited amount of
research has been directed specifically at process disturbance of offshore
ciay, similar research on onshore clay will also be included in the dis-

cussion.

2.2  GENERAL REVIEW

Skempton and Sowa (1963) showed that the water content of a saturated
clay was not altered by good quality sampling. However the clay was sub-
jected to changes in stress state even ({f there was no mechanical distur-
bance. They further suggested that the common belief that the mean prin-
cipal effective stress in the sample was held constant by the generation
of negative porewater pressure was not true in most cases, since few natu-
ral clays were perfectly elastic.

Ladd and Lambe (1963) suggested that even without mechanical disturbance
during sampling, insitu stresses were released and the effective stress of
the sample decreased. The mean principal effective stress left in the ex-
iracted sample, termed the '"residual effective stress",cép , for a satu-

rated clay became as follows:
1 = gt - - 2.1
O'Pp OV [I\o + (1 KoJAp] ( )
in which U& is the insitu effective vertical stress, Ko is the coefficient
of earth pressure at-rest, and Ap is the Skempton's porewater pressure

coefficient for '"perfect sampling". " ("Perfect sample'" here refers to sam-

pling without mechanical disturbance.) They further suggested that the
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value of K, was about 0.5 for normally consolidated c¢lay and that Ap

ranged from -0.1 to +0.3. The residual mean principal effective stress
therefore became about 0.550& which was less than the insitu mean effec-
tive stress of approximately 0.67q¢ by about 20%.

Okumura (1971) however argued that in actual sampling, the condition of
full saturation was not always satisfied even in the case of soils below
the watertable. |If the porewater contained dissolved air which would come
out of solution due to decreases in the porewater pressure, the residual

effective stress, qﬁ. of the perfect unsaturated sample became: |

V.. -V

o! = g' . 2P ____38C » where: (2.2a)

p PP mV, -
V. +V Vo1

ao d 2q _2q; ao . -
V. +V W, * T dJ T g I3t Gp +U;=0 (2.2b)

ap d o o ap

in which msis the coefficient of volume expansibility, Vo is the insitu

volume of the sample, V

is the insitu volume of air, V ts the air vol-
ao : ap

ume after perfect sampling, Vd is the equivalent volume of dissolved air,
Uo is the initial porewater pressure, Ud is the saturateﬂ vapour pressure
of water, q is the surface tension and T, is the insitu radius of the air
bubbie. Since the air volume after perfect sampling was generally larger
than the insitu air volume, the residual effective stress was therefore
less than that of full saturation.

Dealing with Norwegian quick clays, Schjetne(1971) suggested that when
the clay was in a sample tube, the remoulded zone along the inside wall of
the tube had a surplus of water which allowed the undisturbed m&terial to
swell, Even if the sample was mechanically undisturbed, it could become
severely disturbed due to the_swelling associated with stress release.

Procter(i976) considered offshore samples to be "undisturbed" when they

were not only mechanically undamaged but were also in a condition that the
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insitu effective stresses and the degree of saturation were unaltered.
Using North Sea sampling as an example, he further suggested that since
the samples of stiff clay being recovered were small and were under high
suction (negative porewater pressure), loss of effective stress had to oc-
cur. This was further compiicated by the release of dissolved gases which
would come out of soclution from the pore filuid as the stress was released.
He concluded that laboratory testing without taking stress release into
account would therefore lead to underestimation of the shear strength.

In summary, it is clear that stress release causes sample disturbance
due to swelling. The assumption that the effective stresses remain con-
stant before and after sampling is not supported by most of the research-
ers mentioned above. The assumption is only true (even neglecting mechan-
ical disturbance) if the fellowing conditions are met: (a) the soils are
completely saturated, (b) the soils are perfectly elastic, (¢) the absorp-
tion of free water during sampliﬁg is negligible, and (d) the soil water
is capable of carrying all of the tension stress caused by the release of
the insitu stresses without vaporizing. These conditions can hardly be
fulfilled by the sampling procedures commonly employed for most natural
clays. A certain degree of sample disturbance due to stress release (loss

of suction) is therefore inevitable.

2.3 DETAILED REVIEW OF PUBLISHED TESTING PROGRAMS

Knowing that stress release causes sample disturbance, many researchers
have conducted tests to determine quantitatively the effects of stress re-
lease on the geotechnical properties of different clays. Parameters being
investigated were commeonly related to wundrained shear and consolidation

behaviour. Fregquent parameters examined in shear tests included undrained
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strength, failure strain, Young's modulus and Skempton's porewater coeffi-
cient A. Freguent examined consolidation properties included preconsocli-
dation pressure, compressibility (mv), coefficient of consolidation (Cv)
and permeability (k). Due to time limitation, the research presented in
this thesis deals only with the parameters related to undrained shearing.
This section gives an overview of the tests performed and the conclusions
drawn by different researchers on the topic of stress release on undrained
shear properties of different clays.

Skempton and Sowa{1963) tested remoulded Weald clay from Dorking, Sur-
rey, England. The combined silt and clay fractions consisted predominant-
ly of fine quartz and illite, with small proportions of kaolin and chlor-
ite. To prepare samples, a gquantity of clay was mixed with water to a
moisture content of 33.5% (0.73 x wI). Some of the clay was then packed
into a brass tube of 38 mm internal diameter to form a triaxial sample 84
mm long. Two specimens were then consolidated anisotropically {Ko) in
triaxial cells at each of four different effective lateral pressures rang-
ing from 124 to 690kPa. The strength "in the ground" was measured by un-
drained shearing a sample immediately after triaxial conseclidation. To
simulate the sampling process, the second specimen of each pair was un-
loaded undrained. The unioading procedure involved reducing the shear
stress to zero (ie. the isotropic stress condition equalled the cell pres-
sure at the end of triaxial consolidation). The strength of the "sample"
was then measured by undrained shearing.

During unloading, the strain was about 1% axial extension. Although
the subsequent stress paths during shear were different, the undrained
shear strength and the effective stresses at failure of a 'sample' were

virtually equal to those of "in the ground" for all four consolidation
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pressures. They therefore concluded that if twe identical specimens of
saturated clay were subjected to different changes in total stress without
alteration in moisture content, and if the strains due to stress changes
caused little alteration in micro-structure, the undrained strengths of
the two specimens would be identical.

Adams and Radhakrishna(1970) tested normally consolidated insensitive
glacial lake clay from St. Clair River in Southern Ontario. Samples for
laboratory testing were trimmed from block samples taken from the field.
Initial measurements of the residual suction pressure of the biock samples
were made using a fine ceramic stone in the triaxial cell base. After K,
consolidation to insitu stresses, undrained shear was conducted to measure
the "insitu" strength. To simulate a sample having no loss in suction
(perfect sampling), the deviator stress of a second sample was removed un-
drained after K, consolidation. This was followed by undrained shearing.
After unloading from the K, or insitu stress condition, a third sample was
allowed to return to its initial residual suction pressure with drainage
permi tted. This simulated an actual sample having lost a portion of its
suction, Again, an undrained shear test was performed to determine the
strength. The test showed that the strengths for the "insitu" sample and
the "perfect' sample {ie. no loss in suction) were identical. Specimens
allowed to swell and lose suction showed a significant loss in strength.

Schjetne (1971) wused a hypodermic needle piezometer placed inside the
piston of a NGl 95mm thin-walled fixed piston sampler. This arrangement
was able to measure the porewater pressure generated within a Norwegian
quick clay sample from the moment of cutting in the ground, during lifting
of the sampler and the sampling tube, during transportation of the tube to

the laboratory and until the ciay was extruded for testing. He found that
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the stress changes in the clay during sampling were more compliex than the
common belief that a total stress release was compensated by the negative
porewater pressure built up. At 30cm below the piston, the porewater
pressure due to the pressing down of the sampler was 1.5-2 times the orig-
inal porewater pressure, even as long as 40 minutes after the sampler had
reached the desired depth. Rather than total stress release during the
cutting operation, high positive porewater pressures were generated. No
total stress release was observed until the sample tube was removed from
the sampler. The negative porewater pressure measured at this stage was
about 20% of the effective overburden pressure, and later on the same day,
it dropped to zero. This indicated that the clay was allowed to swell due
1o free water in the remoulded material along the tube walls. The swell-
ing was a time dependent phenomencn, causing the negative porewater pres-
sure to decrease and the disturbance to increase with time.

Kirkpatrick (1982) studied the stress release effect on undrained shear
strength for both normally consolidated and overconsolidated kaolin and
illite. Samples were prepared by one-dimensionally consolidating a slurry

{(moisture content=1.5 x w in a 25kmm djameter oedometer. This paragraph

)
describes the procedures used by Kirkpatrick and the results he obtained
from normally conscolidated clay. A final pressure of 552kPa was applied
to simulate the high insitu stress states in the seabed. The procedures
of sampling were modelled by closing the end drains (undrained) of the oe-
dometer and rapidly reducing the pressure to zero., The oedometer appara-
tus was then quickly stripped and the block of clay removed. The total
process of unleoading and stripping took about 5 minutes. Material pro-

duced by this drained loading followed by undrained unicading was referred

to as ‘'samples!., After removal from the ocedometer, the block was sealed,
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wrapped and stored. At various intervals dictated by the test program,
test specimens were cut using thin-walled tubes from these blocks of clay.
"Insitu' samples were prepared by first consolidating a2 slurry in an oe-
dometer to 276kPa (half of that employed for ''samples'). Specimens were
then cut and set up in triaxial cells, consolidated anistropically (K,) to
a range of "insitu'" stresses, and sheared undrained to determine the "in-
situ'" shear strengths. The final wvertical consolidation stresses ranged
between LOOkPa and BOOkPa. The influence of sample age on shear strength
was also studied. Sample age was defined as the time elapsed between un-
lecading of the block and the time of testing. Ages ranged from a few
hours to 50 days. The samples were then subjected to undrained shearing.
The undrained shear strengths of '"samples" ( CUS) for both kaolin and il-
lite were considerably lower than their respective "insitu" undrained
strengths (Cui)' The ratios of cus/cui for both kaclin and illite showed
a gradual decrease with sample age after an initial drop to 62% for illite
and 46% for kaolin within 5 hours of unloading. The ratio became approxi-
mately constant at about 48% for illite and 32% for kaolin after a sample
age of 50 days, (that is, the additional loss of cus/cui from the age of 5
hours to 50 days was about 14% for both clays.) The negative porewater
pressure retained by the '"sample" was termed the '"residual porewater
pressure UR". The value immediately after unloading was termed "initial

porewater pressure U Estimations of UR for the ‘''samples'" were per-

11
Ri °
formed in the triaxial cell prior to shearing. With the drains closed,
the cell pressure was increased in stages while the porewater pressure was
monitored. Plotting porewater pressure on the y-axis and cell pressure on
the x-axis, the straight portion of the line was extrapolated, and the y-

intercept was termed the residual porewater pressure (Bishop and Henk-

e1{1962)). 11lite and kaolin both showed the trend of dropping in the
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Up/Up; ratio with sample age as observed in the Cus/cui ratio. The
failure strain ( ef) of "samples'" were about 2.5 tc 3 times higher than
those for "insitu" values for kaolin and 3 to 4 times higher for illite.
The secant modulus values (ES) for both kaolin and illite "samples" drop-
ped progressively with age, with the 50-day values approximately half of
those at 5 hours. The porewater coefficient (Af) for both kaolin and il-
lite also showed a gradual decrease in value with sample age. The Af val-
ues dropped from 0.32 to 0.07 and 0.47 to 0.08 for kaolin and itlite re-
spectively at sample ages from 5 hours to 50 days.

Kirkpatrick also dealt with overconsolidated kaolin and iilite. The
overconsolidation ratio was 2 for kaolin and 2.67 for illite. The materi-
als and methods for preparing blocks of overconsolidated clay were the
same as those for normally consolidated clay described in.- the previous
paragraph. The K, values were 0.847 for kaolin and 0.9% for illite.
(When normally consolidated, K,=0.56 for kaolin and 0.68 for iliite.) To
produce "insitu'" overconsoclidated soil, a siurry was consolidated to form
a normally consolidated cake. Specimens were then cut from these cakes
and were consolidated anisotropically in triaxiall cells to 552kPa. They
were then unlicaded following appropriate effective stress paths to achieve
the required axial stress and stress ratios. Final stresses were left on
for L days before undrained shearing. "Sampies'" of overconsolidated clay
were prepared by consolidating a slurry in an cedometer to 552kPa, then
offloading to stresses that c¢reated the desired overconsclidation ratio.
The final pressure was kept on for L days before the oedometer was strip-
ped as described previously to simuiate the sampling (stress release) pro-
cedure, The block was then waxed, sealed and stored as before. Samples

were cut from these blocks at various ages and tested to measure the un-
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drained strength. Comparing the strengths of the '"samples'" and the "insi-
tu" soil, the ratio of cus/cui showed the characteristic drop with age as
observed previously. These ratios however were higher than those associ-
ated with the normally consol?dated soils. (The ratio dropped from 72% to
53% for illite and from 63% to 41% for kaolin at ages from 5 hours to 50
days.) The ratios of UR/URi again dropped gradually with age. The pro-
portional loss in both the residual porewater pressure and strength was
smaller for the overconsolidated soil than for the normally consolidated
soil. Kirkpatrick suggested that the reason could be due either to dif-
ferent behaviour of overconsolidated and normally consolidated soil, or
simply that the stress changes in the case of overconsolidated soils were

smalter than those for the normally consclidated soil.

2.4 METHODS OF RECOVERING "INSITU'" STRENGTHS

it is now clear that the undrained shear strengths obtained from col-
lected samplies are not representative of the insitu values. Even for sam-
ples which have not undergone mechanical disturbance, the swelling which
causes reduction in effective stress still leads to considerable loss of
strength. This section outlines previous work by various researchers to
recover the '"insitu" shear strengths of clays. Two commonly used ap-
proaches were: (a)} correct the laboratory obtained strengths using a mul-
tiplication factor, or (b) employ appropriate laboratory reconsolidation

procedures.




16

2.5 Multiplication Factor

The insitu shear strength can in principle be estimated by applying an
empirical multiplication factor to the laboratory shear strength. Since
it is reasonable to relate the values of the correction factors to the de-
gree of disturbance that samples have undergone, it is necessary to define
the degree of disturbance quantitatively. Several ''degrees of distur-
bance'" have been proposed as follows:

1. Ladd and Lambe (1963) .... D = cﬁ/c;
where G; is the residual effective stress of a taken sample and

cﬁ is that of the perfect sample.

2. Noorany and Seed(1965) .... R

g' - dl
P s
Ae/Aemax

3. Davis and Poulos(1966) .... D
where Ae is the difference between the insitu void ratio and that
of the sample taken at the preconsolidation pressufé. Aemax is the
void ratio between the insitu and that of the completely remoulded
sample.

4. Okumura(1971) .... D=1 - —

Other definitions for the "degree of disturbance' may be used. For ex-

ample, the ratio of

up ud
'sup " Sur!

where Sup is the perfectly undisturbed strength, Sud 1s the disturbed sam-
ple strength, and Sur is the fully remoulded strength. The researchers
proposed that the strength correction factor could be evaluated directly
after determining the degree of disturbance using expressions they sug-
gested. Most of the expressions are complex and largely conceptual since
they imptly knowledge of 'perfect" strength. They mostly relate to the ef-

fects of mechanical disturbance and will not be reviewed here. Details

can be found in the original literature.
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2.4.2 Reconsolidation Procedures

Many investigators have suggested that the "insitu" strengths of clays
could be successfully recovered in the laboratory by employing appropriate
procedures of reconsolidation before wundrained shearing. This section
briefly outlines some of the procedures they suggested.

Isotropic consolidation to the insitu effective vertical stress is com-
monty adopted by most commercial 1laboratories as the reconsolidation pro-
cedure. However it is generally believed to result in overestimating the
strength { Casagrande and Rutledge(1947), Schmertmann(1956), Bishop and
Bjerrum(1960), Ladd and Lambe(1963)). Other suggestions have included
isotropic consolidation from half to three-quaters of the insitu vertical
stress (Lowe(1967), Raymond et al(1971)), and K, consolidation to the in-
situ stresses (Davis and Poulus(1967), Bjerrum(1973)). These proposals
however could only be suggestions because the actual "insitu' strengths
that were intended to be recovered were unknown. Many investigators com-
pared the laboratory results obtained by using different reconsolidation
procedures with those obtained from insitu tests such as the field vane,
The interpretation of insitu test results however require empirical cor-
rections. These corrections are generally produced by correlating with
the strengths obtained from laboratory testing of high quality "undis-
turbed" samples. In other words, the strengths obtained from insitu tests
are themselves "incorrect" originally since the "undisturbed" samples have
undergone disturbance. It is the author's view that judging the success
of reconsolidation procedures by comparing results with those obtained by
insitu tests is therefore not justified.

Since the "insitu" behaviour of the clay was precisely known in the

study by Kirkpatrick (1982), evaluation of the reliability of reconsolida-
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tion procedures could be made. For normally consolidated kaolin and il-
lite, four procedures were used. They can be outiined as follows. (a) K,
(progressive) reconsolidation to insitu stresses. (b) K, (2-step) recon-

solidation to insitu stresses. ({In this method the total isotropic compo-
nent was applied in one stage. After the porewater pressure generated
from this step had dissipated, the total deviatoric part of the insitu
stress was applied again in one step.) (¢) lsotropic reconsolidation with
the cell pressure egual to the vertical consolidation pressure which the
"'sample' had experienced (aié . (d) Isotropic reconsolidation with the
cell pressure equal to the absolute wvalue of the initial porewater pres-
sure (URi)'

The following conclusions were drawn from the above tests:

1. Both methods (a) and (b) above were successful in reproducing the
“"insitu" strength and Af values. The failure strains were however
larger than the "insitu' values.

2. Comparing results obtained by methods (a) and (b), it was suggested
that method (b) was satisfactory and was preferred due to its
shorter required time.

3. Method (c) led to overestimation of the "insitu" strength, failure
strains and Af values.

L4, Method {d) led to underestimation of the "insitu" strength by about
16%. The A values and the failure strains were however greatly
overestimated.

5. if the moisture contents of the samples were unaltered, age had
littie or no effect on conscolidated undrained behaviour up to sam-

ple ages of one month.
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For overconsolidated kaolin and illite, three reconsolidation proce-
dures were used. They can be outlined as follows. (a) K, (2-step) recon-
solidation to "insitu" stresses. {b) Isotropic reconsolidation with ¢

=0!

3 Tl¢

"insitu”. (¢} Isotropic reconsclidation with 05=IURiJ'

Conclusions for overconsclidated kaolin and illite were similar to
those drawn for normaliy consolidated soils. Reconsolidating "samples"
anisotropically to "insitu'" stresses was considered satisfactory in repro-
ducing "insitu" strengths, although the secant modulus values were under-
estimated by the '"samples''. These conclusions were considered valid for
overconsolidation ratios giving K, values close to unity, that is overcon-

soclidation ratios from 2.0 to 2.5 {Kirkpatrick (1982)).

2.5 SUMMARY

In summary, stress release during sampling has been known to have
caused disturbance to clay samples. Although much research has been con-
ducted to determine quantitatively the strength loss as compared to the
"insitu" values, the methods used were not convincing until recent work by
Kirkpatrick (1982). However in the author's view, this study still poss-
essed some inadequacies in laboratory procedures.

The research presented in this thesis investigates the strength joss
problem in detail. Some laboratory procedures employed were changed from
those adopted by Kirkpatrick(1982) to better model the stress releases
that occur in field sampling. Chapter 3 provides the reasons leading to
the selection of parameters for study and an overview of the testing pro-

gram that has been performed.



Chapter 111

DESIGN OF TESTING PROGRAM

3.1 INTRODUCTIGON

The objective.of this investigation was to study the effect of sample
disturbance due to stress release in offshore c¢lay, neglecting those ef-
fects associated with mechanical sampling disturbance. The degree of off-
loading disturbance is complicated by (a) the high porewater pressure ex-
perienced while the clay was still in the seabed, and (b) the duration of
the time lapse between sampling in the field and testing in the laboratory
(dwell period). The aim of this investigation was to develop a procedure
for recovering in the laboratory the "insitu! undrained shear strength of
seabed clay. In principle, such a procedure involves sampling (perfect
sampling without mechanical disturbance), storage, reconsolidation and un-
drained shearing. This chapter provides the background leading to the se-
lection of the parameters being studied and an overview of the test pro-

gram that has been performed.

3.2  GENERAL

All the test samples in this project were prepared from remoulded illi-
tic clay from Grundy County, [1linois. The testing of remoulded soils is
common in many research laboratories. The advantage of using remoulded
clay rather than natural clay is that after remoulding, the clay does not
possess any ‘''memory’ of its past experience tHroughout geclogical time.

in other words, the clay obtained is normally consolidated, unless specif~-

_20_
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ic action is taken to produce artificially overconsolidated samples.
Since all samples are subjected to identical treatment except for the dif-
ference in stress release histories between "insitu soil" and "samples"
as defined in Chapter 2 (Kirkpatrick (1982)), this allowed the comparison
of behaviour wunder the influence of stress reiease only. Furthermore,
sturry consolidation in this manner is usually thought to give excellent
consistencies in moisture contents among samples and therefore good con-
trol in the testing program.

Remoulded kaolins have been used in most laboratory studies although
kaolin is not a major constituent of natural clays. fllite was selected
for this investigation because it is more common, and therefore represents
the properties of real clays more closely.

The effective stress conditions at a soil depth of 10m with an overcon-
solidation ratioc of 2.0, and a 4Om water depth were modelled. These soil
and water depths are typical (but not extreme) values for offshore geo-
technical engineering on continental shelves. The background studies that
led to the selection of these stresses and the overconsolidation ratio is

detailed by Ambrosie(1984) and will not be repeated here.

3.3 MODELLING SAMPLING PROCEDURES

The stress release associated with sampling in the field was modelled
in this laboratory investigation by completely uniocading the total stress
of the samples obtained after triaxial consclidation and back pressuring.
It is perhaps useful at this point to quickly outline the stages involved
in testing "insitu soils" and "samples'. The test details will be de-
scribed fully in Chapter L, 'The stages can be briefly summarized as fol-

lows:
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1. Consolidate slurries one-dimensionally to axial stress of 70kPa.

2. Extrude, trim the clay to approximately 75mm-diameter, 125mm-high

specimens, and build into triaxial cells,.

3. Consolidate triaxial specimens anisotropically (following approxi-

mate K, stress path) to an effective vertical stress of 160kPa.

L. O0ffload the specimens following the same stress path, giving an

overconsclidation ratio of 2.0.

5. Back pressure the specimens to 500kPa, simulating the seabed condi-

tion.

6. For the control samples, that is the "insitu soils", the undrained

shear test is carried out at this stage.

7. For "samples" used to explore disturbance effects, the total stress

is completely unloaded with the drainage closed.

8. Allow the samples to sit for a series of different dwell periods

under this undrained condition.

9. Apply reconsolidation procedures and allow the 'samples’ to reach

porewater equilibrium.

10. Test in undrained shear to measure the ‘'sample’ strengths.

Since the objective of the investigation was to model the sampling pro-
cedures used in practice, it is useful at this point to review the common
procedures used by site investigation contractors regarding sample han-
dling. Clay samples are extracted from the seabed using thin-walled sam-
pling tubes. After these samples are hoisted on board the drilling ves-
sel, some are immediately extruded for quality inspection and
classification. The samples to be tested for undrained shear strength are
either retained in the sample tubes or extruded and sealed, depending on
the individual company doing the site investigation. The samples are then

transported to the laboratory for subsequent testing.
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Hvorslev (1949) recommended preserving the samples in the tubes to avoid
disturbance caused by removal and handling of unprotected samples. Vyas
et al(1983) suggested sealing the samples in sample tubes with airtight,
expandable brass and rubber plugs. De Ruiter (1981) however argued that
all samples should be extruded on board to check their gquality and to se-
lect suitable portions for testing in the ship's laboratory or in the main
laboratories on land. Semple and Johnston{1979) agreed that samples
should be extruded in the field. They argued that more disturbance may
occur in overcoming the adhesion between stiff clay samples and the sam-
pling tubes when extruded in the laboratory after transportation and stor-
age than when extruded and packaged in the field just after sampling.
Regardless of when the samples are extruded, the total stress release
occurs in a relatively short period of time in comparison with the drain-
age time of low-permeability clays (Bishop and Henkel (1962)). Thus the
samples are under undrained conditions during the unloading process. How-
ever, the behaviour of samples in sample tubes at various stages after
sampling is relatively unknown. On the basis of his present understanding
of sampie behaviour, the author chose to restrict drainage from the test

specimens.

3.4 MODELLING STORING PROCEDURES

Subsequent to sampling from the seabed, clay samples are either tested
in ship-board laboratories or are transported to laboratories onshore. De
Ruiter (1981) suggested that testing on board has definite advantages be-
cause of the shorter time lapse between sampling and testing, and leads to
a greater chance that the results are representative. Although there is

currently a trend to upgrade the equipment in on-board laboratories so
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that more complex tests can be performed, most existing on-board labora-
tories are only equipped to perform tests such as moisture content deter-
mination, Atterberg limits and unconfined compression tests.

In order to investigate the effect of the duration of dwell period be-
tween sampling and testing on undrained shear strength, three values of
dwell time were selected for this study, namely 15 minutes (instantane-
ous), 1 day and 1 week. A dwell period of 15 minutes models high quality
on board testing, which could probably be carried out in the future. High
quality onshore testing is modelied by the 1-day dwell period. In this
case, samples are transported to onshore laboratories on the same day they
were taken from the seabed. They are then stored overnight and tested on
the following morning. A dwell period of 1 week represents samplies being
stored in onshore laboratories for a relatively long period before testing
is performed. |In actual cases, samples might be stored for periods longer
than 1 week. However due to time limitations, 1 week has been chosen to
model this lower quality of testing practice.

During the dwell period, the drainage of the samples was kept closed.
in the author's opinion, this procedure could model the case where the
samples are left in the tubes during storing, and extruded just before
testing. Inside the sample tubes, the samples are restricted in a con-
fined space. Absorption of free water, which leads to swelling is reduced
to a minimum. The drainage situation is therefore somewhat close to un-~
drained. However, for the samples which are extruded from sample tubes
immediately after sampling, and stored in a wrapped and sealed form, the
drainage condition is more complex, possibly a combination of both drained
and undrained. The undrained procedure used in this study therefore could

not properly model the later situation. Since real storing practice can-
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not be completely modelled by either drained or wundrained conditions, a
choice had to be made between the two for the purposes of preparing a
carefully designed set of laboratory tests.

It was decided to use undrained conditions during both the unloading
and dwell procedures for this first-stage investigation. Furthermore, it
was deemed important to be able to follow the stress path of the samples
at any stage during testing, including wunloading and dwell,. With the
equipment available in the Geotechnical Laboratories in the University of
Manitoba, the stress path could be followed only with the drainage closed.
No significant redesign of equipment was possible with time and financial
constraints imposed on the project. In future research, drainage and
measurement of porewater pressure {(both positive and negative) should be
facilitated by utilizing additional equipment. For example, by eliminat-
ing circumferential filter strips, allowing drainage from the top of the
sample through the top cap, and measuring porewater pressure at the bottom

of the sample through a pressure transducer mounted as before.

3.5 RECOVERING "INSITU" SHEAR STRENGTH

As stated in Chapter 2, different reconscolidation procedures have been
suggested by various researchers to recover the "insitu' shear strengths
of clays. The suggestions include isotropic reconsolidation from 0.5 to
1.0 times the insitu vertical stress, or anisotropic reconsolidation (K,)
to insitu stresses.

Three reconsolidation procedures were selected for this investigation,
namely

1. isotropic reconsolidation to 0.6 times the insitu vertical stress,
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2. isotropic reconsolidation to 1.0 times the insitu vertical stress,

and

3. anisotropic reconsclidation to insitu vertical and horizontal

stresses.

Again, since the objective was to reveal a convenient reconsolidation
procedure to recover the "insitu" strength, isotropic reconsclidation
(methods (1) and (2)) was emphasized due to its relative simplicity. Ani-
sotropic reconsolidation was included to judge its success in the event
that high quality testing is to be conducted. Although these reconsolida-
tion procedures were partly researched in previous projects, the testing
procedures used were not fully appropriate until recent work by Kirkpa-
trick (1982) as stated in Chapter 2. However, in the author's opinion some
of the procedures adopted by Kirkpatrick did not adequately model the
stress release procedures in the samples. For example, his "samples" were
obtained by cutting specimens from blocks of clay using thin-walled tubes.
Thus in addition to the process disturbance studied in this investigation,
mechanical disturbance was alsc intreduced. The reconsolidation proce-
dures adopted by the author were therefore considered neceésary in a
search for the best method for recovering the '"insitu" strength. Other
procedures (for example isotropic reconsolidation to 0.8 times the insitu
vertical stress) were also considered. However due to time limitations,

only the three procedures mentioned above were selected.
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3.6 QVERVIEW OF THE TEST PROGRAM

Stress states corresponding to 10m of soil depth with an overconsclida-
tion ratio of 2.0, and a 4Om water depth were modelled. Parameters under
investigation were (1) dwell period, and (2) reconsolidation procedures.
For each parameter, three values were selected, bringing the total number
of specimens required 1o nine. Twe control samples were also tested to
facilitate comparison of behaviour between "insitu soil" and "samples'.
The procedures of unloading and dwell were eliminated for the control sam-
ples, such that the "insitu soil" behaviour was modelied. Other than the
eleven overconsolidated samples tested, a parallel series of tests was
conducted currently with the author's program by Ambrosie (1984) to study
the behaviour of normally consolidated "insitu soils" and 'samples' of the
same clay. The total number of samples tested was therefore twenty-two.
The results obtained from overconsolidated samples are Eeported in this
thesis. Those obtained from normally consolidated samples can be found in
Ambrosie (1984) .  The testing program is summarized in Table 1. The de-

tails of sample preparation and test procedures are outlined in Chapter &,




Chapter {V

SOIL PROPERTIES, SAMPLE PREPARATION AND TEST PROCEDURES

L INTRODUCT!ON

Samples of remoulded illitic clay tested in this investigation were
prepared by one-dimensionally consolidating a slurry until an adeguate
strength to permit trimming was produced. The samples were then aniso-
tropically consolidated in triaxial cells, followed by back pressuring to
simulate the seabed condition. To model the disturbance introduced to
offshore clay due to the sampling, storing and testing procedures, nine
samples were prepared as described above and were then offloaded to near
zero total stress under undrained conditions. Parameters studied were:
the period of dwell time after unlcading and the influence of different
reconsolidatioﬁ stresses during reloading. The results of these samples
were compared with two control samples, in which the triaxial consolida-
tion and back pressuring stages were followed immediately by undrained
shearing (ie. no unloading and reconsolidation). This chapter provides a
brief description of the index properties of the soil tested, and the sam-

ple preparation and testing procedures used in the study.

- 28 -
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k.2 SOIL PROPERTIES

Eleven triaxial samples of remoulded clay from Grundy County, Illinois
were tested in this investigation. The grey clay was received in dis-
turbed form, in various sizes up to lumps of about 10cm, loosely packed in
burlap bags.

X-ray diffraction tests indicated that the major minerals present in
the clay are quartz, illite and kaolinite, with the proportion (by occur-
rence) of illite to kaolinite more than 5:1 (Figs. &4&.1-h.4). Standard
classification tests were performed on the clay. These are compared with
those of "Grundite'" (same as the soil tested in this investigation) tested

by Wu et al(1983) in Table 2.

L.3  SAMPLE PREPARATION

4,3.1 Preparation of Remoulded Samplés

All the remoulded samples tested in the present study were prepared by
thoroughly mixing oven-dried, pulverized illitic clay with distilled tap
water in a mechanical mixing unit (Fig. L4.5). Various researchers have
reported that satisfactory results could be obtained by using different
initial moisture contents for preparing the slurry (for example 2.0 X w
-Lewin and Burland,1970; 1.5 x wL—Kirkpatrick and Rennie, 1972; 2.2 X W
-Hambly,1972; Parry and Nadarajah,1973). There is no general agreement
among researchers, however, as to what moisture content should be em-
ployed. It is usually thought that any moisture content within this range
can lead to meaningful results depending on subsequent testing details.
Since a moisture content of tche the ltiquid 1imit produced conclusive re-
sults for remoulded Winnipeg clay (Li,1983), and this proportion is quite

widely used in European soil tesiing, a moisture content of 2 x W (w

L

L

L
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=57.2%, Table 2) was selected for preparing the slurry in this investiga-
tion.

After being mixed in the vaccum container for five half-hour periods
over three days, the slurry was poured into a consolidation cylinder (Fig.
L.,6). It was then allowed to consolidate with top and bottom drainage un-
der a vertical load applied through a hanger and dead weight system. The
loading piston of the consolidation cylinder was equipped with two drain-
age leads to allow flushing of the filter stone if desired at any stage
during the compression process.

Compression of the sample was accomplished in five increments starting
from a vertical stress of 14kPa with a load ratio* of approximately 1.38,
Vertical displacement was monitored with time throughout this compression
process {Fig. 4.7). During the early stage of the testing program, a sam-
ple (T706) was allowed to reach equilibrium at one intermediate stress
level, and again at the final stress level, Since the drainage paths in
the samples were long (about 20cm at the start and 13cm at the end of the
compression process), the equilibrium procedure was time consuming, often
taking about eight days to complete. For this reason in later stages of
the program, equilibrium was allowed only at the final stress level, De-
pending on the height of the slurry in the cylinder, the time required to
reach equilibrium was not the same among samples. To define equilibrium,
displacement vs. log{(time) graphs were plotted continously during testing.
Samples were assumed to reach equilibrium after secondary consoldation be-
haviour was observed in the test results. The total time required for the
whole compression process was generally around two weeks if equilibrium

was allowed only at the final stress level,

4 Load ratio = new load / previous load
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The adoption of the final cylinder stress of 70kPa was based on two
reasons. Firstly, this stress level produced samples which had adequate
shear strength to permit trimming in the triaxial cell. The ratio of su/
Uic ranges from 0.2 to 0.25 for many different soft clays (Larsson, 1980;
Trak et al,1980; Graham et al,1983). The vertical stress of 70kPa in the
cylinder therefore produced an adegquate shear strength for trimming of
about 16kPa. Secondly, all samples were subjected to subsequent triaxial
consolidation to a final axial stress of 160kPa. With a maximum stress of
7OkPa at the cylinder consolidation stage, the clay could be reasonably
expected to return to the virgin normal conscolidation line prior to the
final stress of 160kPa in the triaxial cell. This was later supported by
test results obtained. On this basis, it could be assumed that the ef-
fects of unloading during trimming into the triaxial cell would be com-
pletely removed by subsequent triaxial consolidaticon, and the soil would
behave as completely normally consolidated at 160kPa axial stress. De-
tails for preparing remoulded clay samples inciuding remoulding and con-

solidation are documented by Li{(1983) and will not be repeated here.

4.3.2 Extrusion from Cylinder, Trimming and Building-in of Remoulded
samples

A new piece of equipment (Fig. L4.8) was designed for the extrusion of
samples from consolidation cylinders for this study. The aim of this
equipment is to minimize disturbance introduced to the samples during ex-
trusion and handling. The unit has two dfstinct features. Firstly, it
allows full contreol of both the speed and the magnitude of the extrusion
from the cylinder. Secondly, since the cutting cylinder is set up direct-
ly above the consolidation cylinder, trimming can take place at the same

time as the sample is being extruded. This reduces the amount of handling
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of the extruded sample and thus reduces disturbance. Appendix A contains
details of using the extrusion unit.

The importance of high quality sampliing and testing techniques has been
emphasized by several investigators (Crooks,1973; Graham,197k4; Tavenas and
Leroueil,1977) . Although mechanical disturbance due to sampling is avoid-
ed in laboratory consolidated clay, disturbance associated with sample
preparation and testing should be minimized if good results are to be ob-
tained.

A sample size of 76mm diameter and 130mm high was used for this inves-
tigation. Equipment and testing procedures aimed at reducing disturbance
for trimming and building-in of triaxial clay samples are well developed
at the University of Manitoba. The important feature of the trimming
equipment is that the top of the triaxial sample is supported throughout
the process, thus minimizing disturbance. Detailed instructions for trim-
ming and building-in procedures have been carefully described by
Lew{1981). They can be briefly outlined as follows:

Before placing the cutting cylinder in the extrusion unit, the base
ptate of the trimming equipment was placed on the cell base and was ad-
Justed until the inverted cutting cylinder was accurately centered over
the pedestal. During extrusion, the excess clay outside the cutting edge
was removed by trimming wire after the sample was jacked into the lightly
oiled cutting cylinder. This process was repeated until soil protruded
from the top of the cutting cylinder. The ends of the sample were then
trimmed across the top and bottom of the cylinder. The sample was placed
on a deaired filter stone located on the cell pedestal. The top cap was
located firmly by a central clamping rod, and the cutting cylinder was re-

moved. A series of bmm wide drainage filter strips were applied longitu-
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dinally around the circumference of the sample. Two membranes, separated
by a layer of silicone oil, were placed over the sample, and were secured
in ptace by two O-rings on the top «cap and three on the pedestal. The
cell was then filled with deaired water and a 2cm thick layer of engine
oil applied through the «cell top to reduce leakage and friction build up

in the piston bushing.

k,3.3 Triaxial Consolidation

The effective stress conditions at a soil depth of 10m and an overcon-
solidation ratio of 2 were modelled in this investigation. The 10m depth
is typical of the soft clay veneer that is often found in contental
shelves and the upper parts of submarine slopes. Assuming a unit weight
of 18kN/m® for soil (Ysat) and 10kN/m® for water (Y,)» thus giving a sub-

merged unit weight (Y_ .} of B8kN/m3, triaxial samples were consolidated

sub
anisotropically to a maximum vertical stress of 160kPa. Samples were then
offloaded to a vertical stress of 80kPa, producing an overconsolidation
ratio of 2.0. During both loading and unloading, a stress path with a
fixed Qé/qi ratio close to the coefficient of lateral earth pressure at-
rest (K,) was followed.

Different K, values can be obtained using equations suggested by vari-
ous researchers (for example, Jaky (1944), Brooker and lreland(1965)). Al-
though the K  value for the clay tested could be estimated based on the
$' value reported by Wu et al (1983) and the equations suggested by the re-
searchers mentioned above, it was decided to determine the K, value exper-
imentally by means of the triaxial tests in this investigation. The pro-
cedures involve adjusting the cé/oi {(K) ratio at every load increment

until the sample area remains approximately constant {i.e. zero lateral

strain) between consecutive increments.
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A K ratio of 0.57 was adopted for the first sample (T702). This
produced a total lateral strain of 1.6% at the end of the triaxial consol-
idation. The lateral strain was considered large and the K ratio was
therefore deemed higher than the K, value. The K ratio was then adjusted
to a range between 0.5L4 and 0.55 in later tests (Table L4). The ratios
produced total lateral strains ranging from 0.7% to 1.0%. These stress
ratios and lateral strains were initially thought to be adequately close
to those associated with the K  value. In order to determine the
ratio at which the total lateral strain would approach zero, sample T712
was tested using various K ratios ending at 0.h46. This produced a total
lateral strain of only 0.2%. However, large portion of this total lateral
strain was produced at early stages of the triaxial consolidation when the
K ratio was adjusted towards the 0.46 wvalue. At the ratio of 0.46, the
chahge in lateral strain observed during the last four load increments was
about 0.04%. Since this K value of 0.46 was considerably different from
that of around 0.54 used in previous tests, a decision had to be made to
either (a) test all later samples at K=0.46, thus introducing a non-uni-
form set of data, or (b) continue the test program with K=0.53, accepting
that all samples experienced some small lateral strains, It was decided
to adopt a constant K ratio of 0.53 for subsequent samples to facilitate
comparison of results. The K ratio of 0.53 generally produced total lat-

eral strains of about 0.6% and a £ ratio of about 10 (Table 4).

C/ESC

This indicated that the consolidation was certainly strongly anisotropic

even though the K, condition was not met during triaxial consclidation.
The remoulded samples all experienced a maximum vertical pressure of

JOkPa during the cylinder consolidation stage. They were subseguently un-

loaded for trimming and relocaded in the triaxial cell. Triaxial consoli-




35
dation permits the determination of the reload parameter K, and a compari-
son to be made between the observed yield stress and the preconsclidation
stress in the cylinder experienced by each sample. Starting with a verti-
cal stress of 50kPa in the triaxial ceil, the samples were consolidated to
a maximum vertical stress of 160kPa in eight one-day increments with a
load ratio of 1.15, similar to that used in earlier work in the University
of Manitoba, for example by Lew{1981) and Li(1983). About three load in-
crements were required to adequately establish the reload line {slope k),
and this explains why a starting vertical stress of 50kPa was adopted.

The triaxial consolidation tests were performed in triaxial cells set
on a steel loading frame, the general arrangement of which is shown in
Fig. 3.5 of Lew(1981). The frame can accomodate a maximum of three rotat-
ing bush cells at one time,. Unfortunately, the rotating bushes of two of
the cells did not funcition due to worn out bevel gears. Triaxial consoli-
dation was therefore conducted on samples without the sérvice of the ro-
tating bush whenever these two cells were used. Since the author and his
co-worker conducted tests concurrently, a smaller load frame was fabricat-
ed and a fourth triaxial cel] was put into operation at later stages of
the program. This fourth cell has a smaller piston than the others, and
does not possess the service of a rotating bush.

To reduce the friction build up between the piston and the non-func-
tioning rotating bush, modifications to the piston housing were performed
on a triaxial cell (Fig. 4.9). There are two distinct features to this
modification. Firstty, there is a comparatively larger clearance between
the piston and the brass housing (0.005 in.) such that friction is reduced
to a minimum. Secondly, a stiff lubricant is confined to the inner per-

spex container inside the cell. When the cell is pressurized, the lubri-



36
cant is pushed upward by the cell water, filling the clearance between the
piston and the housing, and thus further reducing friction. A mixture of
light grease and engine oil was used on a trial basis. Since the grease
does not float on the engine oil, a considerable amount of oil leaked from
the cell during testing. Furthermore, tests showed that a friction of
about 5% of the load applied to the sample existed during testing. This
combination of constituents was not considered satisfactory. Further tri-
als on different constituents and larger clearance between the piston and
the housing are therefore required in future research testing programmes.

Dial gauges and burettes were used to monitor vertical displacements
and volume changes of the samples. Before each loading increment, water
was flushed through the drainage leads to remove air which might have been
trapped in the cell base passages. This procedure is especially important
for soils of high organic contents which have high gas-releasing poten-
tial, For the samples tested in this study, air bubbles were usually
flushed out only during the first two or three load increments. This sug-
gests that the air was not released by the soil, but was trapped during
the building-in process.

Cell pressure were applied through deaired water in the cell, wusing
compressed air to pressurize an external air-water tank. The cell pres-
sure and the porewater pressure were monitored by pressure transducers,
which were rezeroed before each load increment to atmospheric pressure at
mid-height of the sample. Axial load was applied through the piston by a
hanger and dead weight system. New loads were added at 24-hour intervals.

Upon reaching a maximum stress of 160kPa, the samples were unloaded in
one step to an axial stress of 80kPa, giving an overconsolidation ratio of

2.0. The same K ratio as that adopted during the final loading increment
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was used for the stress ratio after the load decrease. Single-step un-
loading was selected to shorten the total time required for the triaxial
conscliidation process. At this final wvertical stress of 80kPa, samples
were again allowed to reach porewater equilibrium. To define equilibrium,
the same criteria mentioned in section 4.3.1 for cylinder consolidation
was again used, namely plotting log(time} vs. displacement graph and ob-
serving secondary consolidation behaviour. All samples were allowed to
sit at this final stress level for a standardized period of four days.
The equilibrium criteria defined above were met by all samples tested at
the end of this four-day period.

The computations required for each load increment have been given in
Appendix A of Noonan(1980). After the application of new axial and later-
al stresses, axial dial and volume change burette readings were taken us-
ing satndard "doubling" time intervals (i.e. 1,2,4,8,15,30 min., 1,2.4,

hr.etc.) .

L,3.4 Back Pressuring

To simulate the porewater stress conditions of the seabed clay, all
samples were subjected to high back pressures after triaxial consolida-
tion. In this investigation, the stress states of 10m soil depth with an
overconsolidation ratio of 2.0, and a 40m water depth were modelled. This
stress state leads to an effective axial stress of BOkPa and a porewater
pressure {in the form of back pressure) of BOOkPa. (Sample T718 was sub-
Jected to a back pressure of only LOOkPa due to the development of leakage
of cell water between the cell top and the cell base at high pressure).

Before back pressuring, the drainage system was flushed again to ensure

that any entrapped air was removed. Samples were then moved carefully
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from the consolidation frame to a compression frame. The piston was
clamped before the hanger and dead weights were removed. The cell pres-
sure, burettes, axial dial gauge, and transducer lines, however, were all
kept in place. The axial load was re-established in the compression frame
by means of a proving ring.

The back pressure of 500kPa was applied over a ten minute period in ten
increments of 50kPa each. At every increment, the external cell pressure
and the internal porewater pressure were increased by the same amount at
approximately the same rate. The proving ring force was also increased to
a value just enough to counterbalance the force exerted on the piston by
the increased cell pressure. Samples were then allowed to sit under the
back preésure for a period of approximately 24 hours. Volume strains ex-
perienced by the samples during back pressuring were generally less than

0.07%, and were therefore considered insignificant.

L.L  UNLOADING AND DWELL

(This section does not apply to control samples (T702 and T722))

The normal procedure of sampling, which involves pushing thin-walled
tubes into the seabed ito extract clay samples, introduces release of both
the effective and porewater stresses from the clay. The unicading process
was modelied in this laboratory investigation by releasing the total ex-
ternal pressure (cell pressure) while the drainage leads to the samples
were closed off. As mentioned in Chapter 3, the project has specifically
excluded from consideration the mechanical disturbance which is also asso-
ciated with sampling in the field.

Unloading was completed in two stages, namely shear unloading and iso-

tropic unicading. During shear unloading, the shear load was removed in
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siXx steps by means of adjusting the proving ring force while the cell
pressure was kept constant. At the end of this stage, an isotropic stress
condition was achieved. The sample was then subjected to isotropic un-
loading by reducing the cell pressure, usually in amounts of 50kPa until a
cell pressure of 5kPa was reached. The proving ring force was also de-
creased by an amount to compensate for the decrease in cell pressure. The
total time required for the unloading process was about 10 minutes. Com-
plete unloading (that is to zero cell pressure) was not carried out. A
small residual cell pressure of 5kPa was used to retain firm contact and
volume control between the sample and the membranes.

During unloading, the porewater pressure and the axial displacement of
the sample were monitored. There was initiaily some concern as to whether
the pressure transducers were capable of measuring the negative porewater
pressures generated during unloading. Tests and subsequent calibrations
showed that they measured negative pressure with an error of about 3%.
Furthermore, calibration showed that the positive range measurements of
the transducers were not affected by previously experienced negative (ten-
sile} pressures.

Following unlocading, the samples were allowed to sit for dwell periods
of either 15 minutes, 1 day or 1 week (Table 1) to simulate the time span
between sampiing and testing in the laboratory. Throughout this dwell
period, the cell pressure was kept at around 5kPa, drainage leads remained
closed, and the porewater pressure and the axial displacement were moni-
tored. Behaviour of the samples during this dwell period will be dis-

cussed in Chapter 7.
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4.5 RECONSOLIDATION AND UNDRAINED SHEAR

in order to determine the undrained shear strength of clay, samples are
usually subjected to undrained shear tests after being consolidated to
different stress levels. Three reconsolidation procedures have been se-
lected for this study, namely isotropic consolidation (1} to 0.6 and (2)
to 1.0 times the insitu axial stress, and (3) anisotropic (K,) consolida-
tion to insitu siresses. The objective of this study is to determine
which reconsolidation procedure can best recover the insitu shear strength
of the clay.

Reconsolidation was completed in two stages, namely the consolidation
stage and the back pressuring stage. For both isotropic and anisotropic
samples, the <cel}l pressure was first increased in one increment to its
designated value. During this increase in cell pressure, the porewater
pressure was monitored continously. The drainage was opened once the
porewater pressure increased from negative to zero. Upon reaching this
isotropic pressure condition, samples to be consolidated isotropically
were subjected to back pressuring. For samples to be consolidated aniso-
tropically, the extra axial stress required was established by increasing
the proving ring load. All samples were then subjected to the normal lev-
el of back pressuring (200kPa) used commonly in commercial and research
laboratories to achieve higher saturation before undrained shearing. The
200kPa back pressure was applied in four increments of 50kPa each. Proce-
dures for back pressuring were described in section 4.3.4 and will not be
repeated here. Axial and volume strains experienced by samples during
this reconsolidation period varied depending on the reconsolidation proce-

dures and dwell time. This will be further discussed in Chapter 7.



L1

Samples were usually allowed to sit under the reconsolidation stresses
and the back pressure for 24 hours. Axial displacements and volume chang-
es were monitored during this reconsolidation period. Before undrained
shearing, samples were checked for saturation using the standard "B test'.
After 24 hours of reconsolidation, Sample T708 showed a porewater response
(B) of 0.91 only. Air bubbles of about 1.5cm3 volume were then flushed
out from the drainage leads. In order to alliow for porewater equilibrium,
the sample was consolidated for a further 24 hours. For some of the sam-
ples which experienced 1 day or 1 week dwell period, an elapsed time of
about 5 minutes was required before the B value could reach an acceptable
value (eg. 0.97).

Undrained shearing was carried out at a rate of about 0.5%/hour. Read-
ings of axial deflection, proving ring, porewater pressure and cell pres-
sure were taken at 10 minutes intervals, so the "elastic" part of the
stress-strain graph could be well defined. For samples tested in cells
without the service of the. rotating bush, the piston was rotated back and
forth once by hand for about three-quaters of a turn either way before
proving ring and axial displacement readings were taken. This procedure
reduces friction build-up between the piston and the non-functioning ro-
tating bush. A difference of about 5 divisions in the proving ring read-
ing (an equivalent stress difference of about 1.5kPa) was usually observed
before and after rotating the piston. The proving ring load usually in-
creased at a slower rate after about one hour of shearing. Readings were
then taken at 15 minute intervals. The intervals were further extended to
half hour after about 2% of axial straining. A relaxation test (Ken-
" ney,1966) was carried out at about 3% axial strain. A peak in the proving

ring force was observed before the relaxation test was conducted. The re-
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laxation procedure invoives switching off the compression machine and re-
coerding changes with time in axial deflection, proving ring lcad, porewa-
ter pressure and cell pressure. Stopping the compression machine allows
the sample to continue straining at a decreasing rate by the stored energy
in the proving ring. Relaxation was continued overnight. On the follow-
ing morning, the compression machine was switched on again and shearing
continued. Readings were taken frequently (eg. every 10 minutes) during
the first hour of re-shearing. intervals were then extended to 20 min-
utes, 30 minutes and 1 hour towards later stages. Shearing was usually
allowed to continue overnight without supervision to an axial strain of
about 15% on the following morning. After final readings were taken, the
failed samples were removed from the triaxial cells. . Samples were then
cut and prepared for the determination of final moisture contents. The
moisture content profile across failed samples and the reliability of this

method of determination will be discussed in Chapter 7.




Chapter V

CONSOLIDATION TEST RESULTS

5.1 [NTRODUCTION

A total of nine triaxial specimens (T704-T720, even numbers only) was
tested to model the effects of stress release on "samples'" which simuiate
those collected during site investigation in offshere clays. The duration
of the dwell period between sampling and testing, and the reconsolidation
procedures used in the laboratory before undrained shearing were both in-
troduced as parameters in the testing program. The results obtained were
compared with those of two control samples (T702 and T722). These samples
were tested directly in undrained shear, without the unloading procedure
to model the undisturbed *insitu soils'",

As described in Chapter 4, samples for triaxial testing were obtained
by first consolidating slurries in cylinders until an adequate strength
was reached. They were later trimmed and built into triaxial cells. This
chapter reports the resultis obtained during the slurry consolidation and
triaxial consolidation stages of the tests. The results include one-di-
mensional consolidation parameters (» and k), vield stresses, and equiva-
lent isotropic elastic moduti (Keq and Geq). Discussion of the results

wilil be presented in Chapter 7.

._[*3_
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5.2  SLURRY CONSOLIDATION (X1 -VALUES)

Values of the compression index A can be obtained from samples during
slurry consolidation as outlined in Chapter L. The slurries were com-
pressed in cylinders with vertical stresses increasing from 14kPa to 70kPa
in five one-day increments. The final 70kPa stress was held constant un-
til secondary consolidation behaviour was observed as described in Chapter
L, Graphs of log(cv) vs w for slurry consolidation are presented in Fig-
ures 5.1 to 5.5. These graphs were approximated by straight lines, and
their slopes converted to the commonly used parameter X (natural loga-
rithms and void ratios) for normally consclidated soils. They are termed
-AJ in this investigation to indicate their origin in the slurry consolida-
tion stage. The_li-values are presented in Table 3,

It was pointed out in Chapter & that all samples were allowed to reach
equilibrium at the final stress of 70kPa. In sample T706, equilibrium was
also allowed at one intermediate stress. For this reason, the !og(ov) Vs
w graph for T706 has not been presented here, and the o, value is there-
fore not available.

Figures 5.1 to 5.5 show that most samples exhibited a2 curved stress-
strain response during the first one or two load increments, followed by a
linear response in the 3 to 4 increments before the maximum stress was
reached. Virtually straight lines in iog(q&),w-space were obtained for
samples T718 and T720 throughout the whole compression process. The
~values in these tests varied from 0.726 to 0.532, with an average of
0.621 and a standard deviation of 0.055. Table 3 also shows that there is
a considerable range of moisture contents among the samples 24 hours after

the final load application of JOkPa. The moisture contents at this stage

ranged from 65.3% to 50.6% with an average of 58.3% and a standard devia-
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tion of 5.2%. However after allowing the samples to sit under the final
stress of 7J0kPa for a dwell period, the moisture contents became less
variable (from 52.1% to 45.8% with a standard deviation of 2.0%). During
this period, samples with low values of_‘Al (for example T716) compressed
by larger amounts than other samples with high values ofﬂ}\_1 (for example
T708) . This implies that drainage from the samples was not completely
identical in all cases, and some samples were clearly still consolidating

actively during the dwell period.

5.3 TRIAXIAL CONSOLIDATION

5.3.1 Introduction

After the final period at constant stress of 70kPa, samples were ex-
truded from the cylinders, trimmed to 76mm diameter samples and built into
the triaxial cells as described in Chapter 4. They were subsequently con-
solidated anisotropically following approximate K, stress paths to a maxi-
mum vertical stress of 160kPa. Since overconsolidated samples were to be
tested in this project, all samples were then offloaded along the original
loading stress paths +to stresses that gave an overconsolidation ratio of
2.0 (Chapter 4). The results obtained during triaxial consolidation stage

are presented in the following sections.

£.3.2 Linear and Volume Strains

As mentioned in the previous chapter, the K (Ué/ai) ratios of the sam-
ples varied from 0.57 to 0.46 with the majority of samples tested under K
ratios of around 0.53 (Table 4). During triaxial consolidation, the axial
deflection and volume change of the samples were measured, so that axial

strains and volume strains couid be calculated at any stage during test-
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ing. Lateral strains were calculated on the assumption that the samples
remained cylindrical after deformation. Under real K, consolidation, the
cross sectional areas of the samples should remain constant, thus leading
to zero lateral strains. However absolute zero lateral strain was impos-
sible to control with the equipment available, and small amounts of area
decrease were therefore inevitable. The ratios of E}C/E3C are also pre-
sented in Table k. A higher value of the ratio indicated that the consol-
idation was closer to the K, condition. Depending on the K ratio adopted
for each sample tested, the elc/g3C values varied from 5.8 to 48.5. This

will be further discussed in Chapter 7.

5.3.3 Values of xj

Although the equipment used and the procedures adopted in the investi-
gation were aimed at reducing mechanical disturbance during trimming into
the triaxial cells, stress release leading to swelling of the samples was
inevitable, In order to be able to meaningfully compare the behaviour of
“"insitu soils" and "samples' as finally prepared, careful control of con-
solidation procedures was mandatory. Consolidation in the triaxial cells
started from a vertical stress of 50kPa. Since the maximum wvertical
stress during the previous cylinder consolidation was 70kPa, triaxial con-
solidation allowed the determination of the slope of the reload line (de-
noted by Kl)' A1l ¥, -values are presented in Table 4. These values are
obtained from the straight line portions of the log(p') vs V graphs (Figs.
5.6-5.11}) at stresses less than 70kPa. The KJ -values for samples T704,
T712 and T722 are not available since straight portions were not observed

in the plots for these samples. For the other samples, the Kl-va{ues

ranged from 0.168 to 0.072 with an average of 0.103 and a standard devia-
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tion of 0.030. Sample T702 showed an exceptionally high Kl-value. Neg-
lecting this sample, a standard deviation of 0.016 was obtained for the

remaining Kl-values.

5.3.h Values of Az

Triaxial consolidation continued beyond the cylinder preconsolidation
stress of 70kPa to a maximum vertical stress of 160kPa. Determination of
the slopes of the normally consclidated lines (»Az-values) in log(p')vs V
graphs was therefore possible. The _Az-values are shown in Table &,
Since a straight portion was not observed for sample T70L4, the X,-value
was not obtained. For the remaining samples, the  A2—vaIues were more
consistent as compared with the Aj;- and kq-values. They ranged from

0.246 to 0.202 with an average of 0.226 and a standard deviation of 0.017.

5.3.5 Values of ky

All samples were uniocaded following the original stress paths to create
an overconsclidation ratio of72.0. One-step unioading was adopted due to
time limitations as described in Chapter 4. A standardized period of 4
days was also allowed such that the samples could reach equilibrium after
unloading. The «&o-values reported in Table 4 were calculated from the
2h-hour unloading curve from vertical stresses of 160kPa to 80kPa. The
‘Kz-values are the least variable among all the A - and -values reported
in this chapter. They ranged from 0.055 to 0.043 with an average of

0.0476 and a standard deviation of 0.0076.
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5.3.6 Yield Determination

As described in previous sections, triaxial consclidation permitted the
determination of the slopes kj and A2 from log(p') vs V graphs. Further-
more, the yield stress (when the clay changed from a stiffer to a more
flexible response) could also be identified. In this investigation, the
preconsolidation pressure of 70kPa experienced by the clay during its pre-
vious slurry consolidation was well defined by the cylinder consolidation
procedures. It is of interest to compare the yield stress obtained from
the triaxial tests with the known preconsolidation pressure in the cylin-
der.

The triaxial consolidation data were analyzed using the computer pro-
gram TXCEP. This program includes calculations of the emnergy absorbed by
the samples during consoiidation and is basically the same as that used by
Lew(1981) and Li (1983) except for some small changes made by the author.
These include improvments to the appearance of the figures and thé addi-
tion of sample number to the plots. The basic algorithms were not
changed. The program produces printouts of the resulis and seven differ-
ent stress-strain plots which can be used for yield stress determinations.
The plots include:

1. log(p') vs V (Fig. 5.6-5.11);

2. p' vsv (Fig. 5.12-5,14};

3. qgvs e (Fig. 5.15-5.17);

b. o3 vs ey (Fig. 5.18-5.20);

5. 03 wvs €3;

6. p' vs g7 (Fig. 5.21-5.23) and

7. Wwvs LSSV (Fig. 5.24-5.26).
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This section only presents the resuits associated with consolidation yield
points obtained from these plots. The data associated with unloading and
dwell will be presented and discussed in Chapter 7.

Yield stresses were identified using bilinear plotting techniques de-
scribed by Graham et al (1982). For comparison purposes stresses and ener-
gies at yield obtained from the plots were converted to a common variable,
namely the effective vertical stress (Table 5). Conversion to ci was ac-
complished by applying the corresponding K ratio for each sample near the
yield point. The criterion of 03 vs. €3 was omitted from Table 5 since no
yield stress could be determined from this plot in any of the eleven sam-
ples tested. Places marked '"not available" in Table 5 indicate that bili-
near behaviour was not observed in the plot, and the yield stress could
not therefore be identified. If the yield stress can be identified from a
specific criteria, an arrow is shown in that stress-strain plot to indi-
cate the yield location.

For sample T712, the yield stress could be determined only from the
W,LSSV criterion. The K ratio at yield for this sample was 0.4k74, which
was the lowest among all sampies tested. The W,LSSV plot proved to be a
useful criterion since it permitted identification of yield points for all
the samples tested. |t should be pointed out that previous researchers at
the UniQersity of Manitoba (Lew(1981) and Li(1983)) demonstrated that
vield stresses could be interpolated through the energy variable W (y-
axis) only but not through the stress vector length variable LSSV (x-
axis) .

An average vyield vertical stress was obtained for each sample on the

basis of all the yield stresses defined by the wvarious criteria. These

average yield stresses were compared with the preconsclidation stress of
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JOkPa and percentage differences were calculated. An average difference
(absolute values were used) of 3.3% was obtained. The average yield
stresses from the stress-strain plots were higher than 7J0kPa for all sam-
ples except for T712 in which the average was 1% lower. Further discus-
sion on the determination of yield stresses and the relationships between

the K ratio and yield stresses will be presented in Chapter 7.

5.3.7 Elastic Parameters

In order to describe cross-anisotropy of clays by means of anisotropic
elastic theory, five elastic parameters are needed (Graham and Houls-
by (1983)). However this requires stressing along stress paths in widely
differing directions in p',g-space. The consclidation results reported
here are only for stress paths close to the K,~condition. It is therefore
not possible to determine the full range of anisotropic elastic parame-
ters. Equivalent isotropic pseudo-elastic bulk and shear moduli, Keq and
Geq can be obtained from pre-yield linear sections of p',v and q,¢ blots
respectively obtained during triaxial consolidation (for example Fig. 5.12
and Fig. 5.15). Values of these parameters are presented in Table 4. Al-
though it was not possible to identify vyield stresses for some samples
from the p',v and q,c plots, nevertheless reasonably straight stress-
strain behaviour was observed in the initial stiffer sections in all the
test results. Keq and Geq values could therefore be calculated for all
samples (Table 4). Since the stiffness of lightly overconsclidated clay
depends on the preconsolidation pressures, normalized values of Keq/Oéyl’
Geq/o":y1 are also shown in Table 4. During this stage of triaxial consol=-
idation, the preconsolidation pressure experienced by the clay was the

value of 70kPa during slurry consolidation. This explains why Qéyl was

T e Dyt
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used as the normalizing stress. Further discussions on the moduli values

will be presented in Chapter 7.



Chapter Vi

UNDRAINED SHEAR TEST RESULTS

6.1 INTRODUCT{ON

After triaxial consolidation, the samples identified earlier as "insitu
soils" and ''samples'" were transferred to a 10kN strain-controlled frame
for undrained shearing to failure in triaxial compression. This permitted
the determination of the differences in shearing behaviour between the un-
disturbed "insitu soils'" and the disturbed "sampies'"., '"Samples" were sub-
jected to unloading, dwell swelling and reconsolidation before undrained
shearing was performed. For the "insitu soils" (control samples T702 and
T722), shearing followed triaxial consolidation without the unloading
step. The design of the testing program and the procedures used for test-
ing were detailied in Chapters 3 and 4 respectively.

To ensure full saturation of the samples prior to shearing, a back
pressure of 200kPa was applied in the manner described in Chapter 4. This
value of back pressure is common in many research and commercial labora-
tories. Values of the porewater pressure parameter B at the end of back
pressuring are tabulated in Table 6. The measured values of B can gener-
ally be considered satisfactory.

Normalized undrained stress-strain curves are presented in Figures 6.1
to 6.11. A summary of the undrained test results is given in Table 6.
The undrained shear tests provide information on the stress-strain behav-
iour and the porewater pressure parameters of the clay. Properties exam-

ined include the undrained shear strength, the porewater pressure parame-

_52-
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ter A., the strain rate parameter pg 3, and the elastic modulus Esy.  The

£
tests also permit an evaluation of the overconsolidated Coulomb-Mohr rup-
ture envelope of the clay. When taken in conjunction with results ob-
tained by Ambrosie(1984), the tests permit determination of the rupture
envelope for both normally consolidated and overconsolidated illitic ctay
for the given preconsolidation pressure of 160kPa.

The following sections present these undrained shear results in more
detail. A discussion of the results is given in Chapter 7. To reduce
confusion, the following codes will be used in identifying the "insitu
soils" and the "samples' which have been subjected to different reconsoli-

dation procedures.

1. Group 1! - control samples (T702 and T722);

reconsolidation to 0.6 x g! _ CIiU (T704, T706 and T708);

1c
3., Group 3 reconsolidation to 1.0 x Oic Clu (T710, T712 and T714);

2. Group 2

4. Group 4 - reconsolidation to 1.0 x ¢! CK,U (T716, T718 and T720).

lc

6.2 STRESS-STRAIN RELATICNSHIPS

Table 4 shows the stresses on each sample at the end of triaxial con-
solidation and the resulting strains at that stage of the test. The dura-
tion of the dwell period and the reconsolidation procedure selected for
each sample are presented in Table 6. This table also shows the linear
and volume strains experienced by the samples during reconsoclidation.
Graphs of { a, - 03)/20;0, Oi/cé and Au/c¢c versus e) are shown in Figures
6.1 to 6.11, The effective stress paths in p',q space are shown in Fig-
ures 6.12 to 6.15, Table 6 summarizes the values of various strength and

deformation parameters determined from the tests.
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The stress-strain curves for all the tests (Figs. 6.1-6.11) appear at
first sight more discontinous than is commonly expected. This irregulari=-
ty is caused by relaxation tests that were used to investigate the influ-
ence of changes in strain rate on the measured parameters. This will be
reported in section 6.6. Although all the samples were overconsolidated
with an overconsolidation ratio of 2.0, maximum valﬁes of g® are not easi-
ly identified from the stress-strain curves. Table 6 shows that the maxi-
mum deviator stresses interpreted from Figures 6.1 to 6.11 occurred at ax-
ial strains ranging from 1.7% to 6.9%. It should be pointed out that
after relaxation tests, the deviator stress increased to higher values
than before straining was stopped. When about 1% of axsal strain had been
added after resta}ting the shearing, the stress-strain curve typically re-
- turned to the line which would have been followed if the relaxation test
had not been performed. The peak gq-values developed during this stage im-
mediately following the relaxation test have not been included in the de-
termination of the maximum deviator stresses shown in Table 6.

As compared with the "insitu soils", the deviator stresses of the 'sam-~
ples" occurred at markedly larger axial strains. This agreés with the
higher failure strains for "samples" than for "insitu soils" measured for
example by Okumura(1970) and Kirkpatrick (1983). For Group 4 samples, the
maximum deviator stresses occurred at strains rather closer to those of
the "insitu soils". Strain softening behaviour was observed in all sam-
ples after the maximum deviator stress was reached. However, the reduc-
tion in shearing resistance from maximum q to the end of the test was not

as largejas observed for example by Li (1983) in remoulded Winnipeg clay.

5 q= (o) -93)




55

Strain hardening behaviour was observed in test T712. A leakage in the
drainage valve is thought to have occurred at an axial strain of around 1%
for this sample. This view is supported by the sudden drop in the Au vs,
€1 graph shown in Fig. 6.6. In addition, the uncharacteristic continuous
strain hardening in the stress-strain curve for this sample also suggests
that the latter part of the test experienced some leakage and reduction in
porewater pressure. For the other two samples in the same group (T710 and
T714), strain hardening behaviour was observed until axial strains of
about 3% were reached. Strain softening behaviour was observed at larger
strains.

The wide range of axial strains where the maximum deviator stresses
were observed in different tests, and the combination of strain softening
and strain hardening behaviour that were encountered led to preoblems in
using the maximum deviator stress as the criterion for failure. A1l the
stress—strain4p]ots exhibited an initial stiff section, then a more flexi-
ble response. The break between the two types of response usuatlly occur-
red at axial strains of about 1% to 1.5%. The stress where the maximum
curvature was observed in the stress-strain plot has been termed the
"yield" deviator stress in this investigation, and has been evaluated for
all samples for comparison of the "failure conditions'. The yield point
during undrained shearing for each sample is identified by the first arroﬁ
shown in the stress-strain plots (Figs. 6.1-6.11), that is at the lower
value of e;. (The second arrow in each plot shows the location of the
maximum deviator stress for that sample). The yield deviator stresses oc-
curred at axial strains ranging from 0.65% to 1.71% (Table 6). The trend
that the ‘Ysamples'" had larger yield strains than those of the "insitu

soils' .was again observed here. The yield strains were fairly consistent
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among the samples in each of the four groups tested. The yield strains
observed from the samples in Group 4 were again closer to those of the

control sampies.

6.3 EFFECTIVE STRESS PATHS

The effective stress paths of the samples are presented in Figures 6,12
to 6.15. Stress paths of the samples subjected to the same reconsclida-
tion procedure are presented in one figure. The influence of overconsoli-
dation is clearly demonstrated by all the effective stress paths. The
paths generally move almost vertically upwards from the end of reconsoli-
dation stresses, and then move to the right during later stages of shear-
ing. However the stress paths of T702, T710 and T712 move abruptly to the
right after the start of undrained shearing (Figs. 6.12 and 6.14), and
then move to the left at larger strains. Sample T702 was subjected to a
back pressure of 500kPa to simulate the seabed condition. Before shear-
ing, the back pressure dropped to 475kPa overnight due to contro! problems
and was adjusted back to 500kPa before testing. A period of around 2
hours was allowed between readjustment of the porewater pressure and
shearing. However, porewater pressure equilibrium was probably not re-es-
tablished at the beginning of testing. This led to the sudden drop in
porewater pressure at the start of shearing, and the shifting of the
stress path to the right. No clear reason was found to explain the abrupt
drop of the initial porewater pressures in samples T710 and T712. As men-
tioned in the previous section, leakage through the drainage valve is su-
spected to have occurred in sample T712 during shearing. This view is
supported by the sudden shift of the stress path to the right at about
q=80kPa, and the subsequent slope of the stress path (approximately 3:1)

which is characteristic of a drained test.
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The strain softening behaviour of T702, T710 and T712 is accompanied by
the stress paths shifting to the left towards the end of the tests. The
post-failure strain softening of the remaining samples produces stress
paths that are rather close to the initial stress paths during pre-failure
loading. For samples in Group 2 and Group 4, the stress paths in each
group are bunched together (Figs. 6.13 and 6.15). The duration of the
dwell period between unloading and shear testing seems to have no effect
on the shape of the effective stress paths in these cases, For the other
two groups, the relationship of the dwell period and the shape of the
stress paths could not be assessed due to the abrupt decrease in porewater

pressure in some of the samples described previously.

6.4 POREWATER PRESSURE GENERATION

The relationships between the normalized changes in porewater pressure
(Au/o;c) and the axial strain (e;) for all the undrained shear samples are
given in Figures 6.1 to 6.11. Except for Group 3 samples, the porewater
pressures rose to a maximum before the previously defined yield deviator
stress was reached. The porewater pre;sureslof these samples generally
remained constant or exhibited a slight decrease beyond the peak value to
the end of test at large axial strains of about 15%. Leakage was encoun-
tered in test T712 as described before. For samples T710 and T714, the
porewater pressures increased more quickly during the early stages of the
tests than in other tests. The porewater pressures for these two samples
continued to rise until the end of shearing (Figs. 6.5 and 6.7).

The porewater pressure parameter A=Au/A(q; -'03) (Skempton (1954)) was
obtained from each test at the yield stress and is presented in Table 6.

The sudden drop of the initial porewater pressure in samples T702, T710
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and T712 was treated as a "zero shift" for the calculation of the Ag-val-
ues. In other words, the porewater pressures immediately after the drop
were considered to be the initial porewater pressure for the purpose of
calculation. Table 6 shows that the Af-values can be grouped according to
the reconsolidation procedures. Samples in Group 1 and Group 4 showed
rather close Af-values, and were the 1lowest among all the samples tested
with an average of around 0.19. Group 2 samples showed higher Af—va!ues
with an average of around 0.25. Highest Afrvalues were obtained from sam-
ples in Group 3. The average was around 0.35 for this group. Samples
which had been allowed 1 week for the dwell period (T708, T714 and T720)
showed the. highest Af -values as compared ’to the other twoc samples
(15-minute and 1-day dwell periods} in the correspending groups. This is
however contrary to the conclusion drawn by Kirkpatrick (1982) that Afrval-
ues decrease with sample age. Further discussion of this topic will be
presented in Chapter 7. 7

Porewater pressure behaviour has also been examined in terms of normal-
ized changes in porewater pressure (Au/céc) versus the change in octhedral
total normal stress (Ap/a&c) (Figs. 6.16-6.19). These graphs are again
presented in groups according to the reconsolidation procedure. For all
samples except T702, T710 and T712, the relationship is approximately iin-
ear up to a high percentage of the maximum shear stress. For the three
non-typical samples, the curved initial relationship is probably due to
the porewater pressure stabilization problem at the beginning of testing
that was described previously. Shortly after the beginning of these tests
the relationship changed, and became linear like the other samples. The
gradients m of the linear sections of Au/a;c vs Ap/a;c are summarized in

Table 6. They range from 0.82 to 1.56 with an average of 1.17 and a stan-
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dard deviation of 0.23. Except for samples T702 and T708, all m values
are higher than 1.0.

For Group 3 samples, the porewater pressures rose continously as shown
in Figure 6.18, For the remaining samples, the porewater pressures drop-
ped during later stages of the tests, hooking the Au/c‘;C Vs Ap/oéc curves
downwards to the right (Figs. 6.16, 6.17 and 6.19). This is characteris-
tic of overconsolidated samples. Sample T702 shows a temporary decrease
in porewater pressure followed by an increase at an axial strain of around
1.5% during shearing. The reason for this behaviour is unclear. One pos-
sible explanation is that the pressure transducer had undergone a tempo-
rary zero shift. As mentioned earlier a leakage problem developed in test
T712.  Figure 6.18 shows clearly that the porewater pressure dropped sud-

denly during shearing of this sample.

6.5 ELASTIC MODULUS

in  the present study, the non-linearity of the ( 0 -03:) versus €]
curves from undrained shearing tests has been approximated by a secant
modulus Es5gq. The value of Esg was calculated between the starting point
and 50% of the yield deviator stress in each stress-strain plot. Values
of Esq have been normalized using half the yield deviator stress (O'qu)
to'give the equivalent of what is often known as the relative stiffness, Esq
/su. Table 6 summarizes all values of E 5o and £5Q/0.5qy. Both sets of
values are consistent among the samples in each group, except for high
values associated with sample T722. Different reconsolidation procedures
seem to have some effects on the Esq and the E5g/0.5qy values. Samples

in Group 4 showed the lowest values.
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6.6 STRAIN RATE EFFECT

Changes in straining rate during undrained shearing of carefully sam-
pled natural clay have been shown to cause large variations in the un-
drained shear strength (Bjerrum et al(1972), Graham et al (1983b)). In the
present study, the strain rate effect on remoulded samples was examined
using the relaxation test described by Kenney{1966).

The strain rate effect can be represented by a parameter pg_ 3, which
describes the percentage change in shearing resistance caused by a ten
fold decrease in strain rate, using the shearing resistance at a strain
rate of 0.1 percent/hour as the reference strength.

In this investigation, relaxation procedures were performed on all the
samples tested. The pg,y values obtained are shown in Table 6. They
range from 3.8% to 10.6% (Fig. 6.20). . Due toc a non-uniform set of data
collected during the relaxation test in Tjiz, the pg, j-value of this sam-
ple is not available. Although the relaxation tests were started at
around the same axial strain (Eps' Table 6), the results show a signifi-
cant scatter. This is common in most refaxation testing. The pg_ j-values
from these tests on remoulded samples are rather lower than the range of
about 10% to 15% reported by Graham et al {1983b) for natural clays.
(Li (1983) atso showed low'bg.l-values (5.4% to 8.2%) in remoulded Winnipeg
clay.) Only one relaxation test was performed on each sample. No evi-
dence is therefore available for these tests regarding the common tendency

for pg,1 to decrease with increasing axial strain.




Chapter Vi|

BDISCUSSION OF RESULTS

7.1 INTRODUCT I ON

This thesis has investigated the effects of stress-release disturbance
on the shear behaviour of offshore clay samples. It is aimed at searching
for laboratory procedures which can best recover the insitu strength of
the clay. The test results were reported in detail in Chapters 5 and 6
with only a minimum of discussion. In order to have a clearer understand-
ing of the clay behaviour, the test results will be further examined in

this chapter.

7.2  ONE-DIMENSIONAL SLURRY CONSOLIDATION

The procedures wused in this investigation for preparing, mixing and
consolidating the slurries were detailed in Chapter 4, The moisture con-
tent of each sample at the slurry stage after mixin§ is shown in Table 3.
The moisture contents at this stage were within 1% of the intended value
of 114.4% (twice the liquid limit) except for samples T708 and T716 in
which the moisture contents were around 4% lower.

Graphs of'log(cv) vs w for slurry consolidation were presented in Fig-
ures 5.1 to 5.5, The slopes‘)\1 of the straight portions of these graphs
(converted to natural logarithm and void ratios), are shown in Table 3.
It should be pointed out that "AX" is commonly used for the critical state
parameter which indicates the compressibility of the material in ln(G&),e

space. However due to time limitations in this investigation, complete
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porewater pressure dissipation was not attempted at each of the loading
stages. The samples were therefore under-consolidated except at the end
of the dwell period at the maximum vertical stress of 70kPa. The Xi;-val-
ues obtained from Figures 5.1 to 5.5 are therefore simply the sliopes of
the graphs in In(OV),e space and should not be expected to agree with
Aj-values from complete consolidation. As pointed out in Chapter 5, the
Ai-values varied over a considerablie range from 0.532 to 0.726 even after
consistent loading procedures.

At the end of siurry consolidation, measured moisture contents were
compared with the moisture contents calculated from vertical displacement
readings. Table 3 shows that there is no clear relationship between the
two sets of values which usually agreed to about 3% moisture content.
Since the intermediate moisture contents in Figures 5.1 to 5.5 were ob-
tained b& calculations based on vertical displacements, this suggests that
the Aj-values reported in Table 3 can vary by only about #0.03 as a result
of this difference between measured and calculated moisture contents.
Earlier attempts by Li (1983) to calculate moisture content changes through
measurements of expelled water were unsuccessful due to leakage past the
piston.

Consolidation of remoulded slurry sampies is usually thought to give
excellent conirol iﬁ moisture contents among samples. However the Aj-val-
ues observed and the moisture contents measured in this investigation
clearly suggests that the drainage conditions from the samples were not
completely identical in all cases. This led to unequal amount of excess

‘porewater pressure dissipation during compression. Some samples were
therefore still actively consolidating during the equilibrium period com-
pared with other samples. Further work in this area is urgently required

to improve the moisture content consistency of the samples.




63

7.3 TRIAXIAL CONSOLIDATION BEHAVIQUR

7.3.1 Laboratory Determination of K, Values

Wu et al(1983) suggested a friction angle ¢'=25° for illite. It was
pointed out in Chapter 4 that although the K,-value can be estimated using
equations suggested by various researchers, experimental determination of
the normaliy consolidated K, was conducted in this study. This involved
adjusting the ratio K=o§/ci at every load increment until the sample area
remained constant between consecutive load increments. Possiblie criti-
cisms of this method include (1) the top and bottom end platens introduce
restraints at the ends of the samples, and (2) =zero strain along the sam-
ple length and throughout the test is difficult to maintain. Kirkpa=-
trick (1982) measured K, using a load cell placed on the side of one of his
oedometer assemblies. For more accurate measurements of K, in the triaxi-
al apparatus, strain gauges which connect to a servo mechanism controlling
the cell pressure can be used. The cell pressure is automatically adjust-
ed so that the lateral strain of the sample remains zerc throughout the
test. This equipment was not available in the present study. Absolute

zero lateral strain was therefore impossible to achieve.

7.3.2 Linear And Volume Strains

Although the zero-lateral-strain situation was found to correspond to a
K ratio close to 0.L46 during triaxial consolidation, the actual K ratios
adopted during the tests varied from 0.57 to 0.46 with the majority of
samples tested with K ratios of around 0.53 (Table 4). The background
leading to the selection of the K ratios was discussed in Chapter 3. Ta-
bie 4 also shows the ratios of EJC/€3C measured at the end of triaxial

consolidation. A higher ratio indicates that the consolidation was closer

to the zero-lateral-strain condition. Depending on the K ratio used, the
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EIC/E3C value varied from 5.6 to 48.5. The strain ratio showed a general
trend of increasing with decreasing K. Figure 7.1 shows that except for
two uncharacteristic strain ratios exhibited at K=0.53, the relationship
between log(Elc/€3c) and K could be approximated by a straight line for
the small range of K values in this investigation. However there is a
limitation to this relationship. At K,, zero lateral strain causes the
€1¢/ €3¢ ratio to approach infinity. The relationship should therefore be
asymptotic to the K=K, 1line in arithmetic scale, and undefined at K < K,
in logarithmic scale.

It was also found that a straight line relationship exists between
log(K) and the average Acg/Ae; of the last three 1load increments during
triaxial consolidation. The avérage Aeg/Ae} value corresponding to K=0.k46
was less than zero, indicating that the 0.46 value was rather less than
the actual K, value. A least-square analysis gives K=0.49 for Aez/Ae; =0,
suggesting that the actual K, value is 0.49. It is §nteresting to note
that this K, value is close to the value pf 0.51 suggested for example by

Brooker and Ireland (K,=0.95 - sin¢'), and the modified Jaky Equation (0.9

x (1 - sin¢')) based on $'=26° suggested by Ambrosie (1984).

7.3.3 Values of A and x

Values of X3, Az, K3 and K2 have been reported in Chapter 5. As men-
tioned eartier, the Aj~-values ranged from 0.532 to 0.726 with an average
of 0.621 and a standard deviation of 0.055. The_Az-values during triaxial
consolidation ranged from 0.202 to 0.246 with an average of 0.226 and a
standard deviation of 0.017. Values of Al and X, have comparatively close

coefficients of variation® (8.9% for X; and 7.5% for A,). However, the

¢ Coefficient of variation = (standard deviation / mean) x 100%
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mean Az-value is about one third as large as that of X;. The reason for
this difference is unclear. One possible explanation is that the load
ratios were in fact different during slurry and triaxial consolidation
(1.38 and 1.15 respectively), thus causing the difference in Aj-values.
It would normally be expected however that changes in load ratio would
move the consolidation line in Inf{ 0;),e space, but would not change its
slope (Bjerrum(1967), Leonards and Altschaeffl (1964)}) .

The slopes of the reload lines k; in the triaxial tests were determined
and were compared with that of the swelling linelez after the maximum
vertical load had been applied. Values of k; andAkz are presented in Ta-
ble 4. The Kjy-values ranged from 0.072 to 0.168 with an average of 0.103
and a standard deviation of 0.030. The/Kz-values were the least variable
among all the X and x values reported. An average of 0.0476 and a stan-
dard deviation of 0.0076 were obtained for the‘Kz—values. The average
Ki-values was about 2.2 times larger than that of the -Kz—values. This
difference was probably due to two reasons. Firstly the load ratio used
during the reload period was 1.15. During the swelling period, the load
ratio adopted was 0.5 due to time limitations discussed before. This
might have caused the difference in the x; and x, values. Secondly it has
been known {Leonards and Altschaeff1(1964)) that within a fixed range of
vertical pressures, the slopes of the swelling line and the reload line
are not the same, and that the reload line is always steeper than the
swelling line. This is probably the major reason for «kj-values being
larger than ko-values in this investigation.

During triaxial consolidation, tha‘AZ/KJ ratio measured was about 2.2
which at first sight might appear to be low. However, Li(1983) reported

the same ratio to be about 2.1 for remoulded Winnipeg clay, and Graham et
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al (1983a) reported the values of about 2.2 for natural Winnipeg clay.
Some structured natural clays may have X/x ratios in the order of 6 or
more (Rutledge (19L44), Holtz and Kovacs(1981)). Quigley and Thompson{1966)
reported that the A/k ratic dropped considerably, when comparing Leda
clay in its natural state and remoulded state. They therefore concluded
that natural Leda clay was structured and sensitive. |I|1lite was not test-
ed in its natural state in this study. No assessment could therefore be

made on whether the clay is structured or sensitive in its natural state.

7.3.4 Observed Yield Stress and the Cylinder Preconsolidation Stress

The yield siresses observed during triaxial consolidation have been
compared with the known preconsclidation pressure of 70kPa experienced by
the clay during slurry consclidation. Graphs of different criteria which
were used to define the yield points are presented in Figures 5.6 to 5.26.
Yield stresses were identified using bilinear plotting techniques de-
scribed by Graham et al (1982). The average yield stress obtained for each
sample based on different yield criteria 1is presented in Table 5. These
average yield stresses were compared with the preconsolidation stress of
70kPa and an average percentage difference of only 3.3% was calculated.
(Li (1983) reported an average percentage difference of 4.4% for remoulded
Winnipeg clay.) The average vyield stresses in the present study were
higher than 7J0kPa for all samples except for T712 in which the average was
1% lower.

In this latter test (T712) the yield stress could be determined only
from the W,LSS5V criterion. At the beginning of triaxial consolidation,
the adopted K ratio was 0,50 for this sample, but during the first five

load increments, the K ratio was adjusted successively towards the final
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value of 0.L6. Due to these changes in stress ratio, interpretation of
yield stress was difficult. it was not possible to distinguish whether
observed changes in stress-strain behaviour were associated with yielding
of the clay, or were simply due to the applied changes of stress ratio
(Lew{1981)) . The same difficulty in determining yield points was also en-
countered in some other samples tested at the beginning of the program
(for example T702 and T706). Samples which experienced little or no
change in effective stress ratios around yielding produced yield stresses

that could be determined from almost every criterion without difficulty.

7.3.5 Elastic Parameters

Elastic parameters K and G and their normalized values K_/o! d
eq eq eq

cyl an
Geq/oéyl have been briefly discussed 1in section 5.3.7. The wvalues are
presented in Table k. Wroth et al{(1979) reported G/Oéc values of many
clays to be about 11. This is higher than the value of about 4.5 reported
by Graham et al(1983a) for natural Winnipeg clay. For remoulded Winnipeg
ctay, Li(1983) reported G/a&c values ranging from 4.3 to 38.6 with an av-
erage of 13.6. In the present investigation, the values ranged from 5.6
to 18.5 with an average of 13.2. Due to the much lower G/o&c values re-
ported by Graham et al {1983a), there was initially some speculation that
the testing procedures adopted at the University of Manitoba had intro-
duced disturbance to the samples, The procedures used by the author were
the same as those of Li (1983) and Graham et al{1983a), and the G/c‘;C val-
ues measured in this investigation are similar to the average value re-
viewed by Wroth et al{1979). |t can therefore be concluded that the low

value of G/c‘:rC for natural Winnipeg clay results from the particle struc-

ture of the clay itself and not from any faults in testing procedures.
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7.4  UNLOADING BEHAVIOUR

7.4 Unloading of Conscolidation Shear Stress

A1l samples except the two control samples were subjected to total
stress unloading at the end of consoclidation and backpressuring. Before
unioading, all samples were under an effective vertical stress of 80kPa
and an effective horizontal stress of about L2kPa depending on the K ratio
adopted. Furthermore, the samples were under a backpressure of 500kPa,
except for T718 in which the backpressure was applied at 400kPa to control
a leakage of cell fluid at higher pressure. The stress paths of the sam-
ples during unloading in p',q space are presented in Figures 7.2 to 7.4,

All samples were allowed to sit for a standardized period of L days at
the final stress level before unlocading. They were then backpressured
again for a period of 24 hours in preparation for shearing. During un-
.loading, small porewater pressure changes were alsoc often observed after
closing the drainage !ead.to simulate the field undrained unloading proce-
dures. The porewater pressure sometimes increased or decreased by a maxi-
mum of about 2.5kPa at this stage. It was initially thought that closing
of the valve introduced a volume change in the system, causing the porewa-
ter pressure to vary. Since the changes observed were not systematic,
porewater pressure variations are therefore thought to be associated with
the fluctuation of cell pressures and backpressures during the overnight
period before unloading. If the cell pressure and the porewater pressure
changed by different amounts, the effective stresses would differ from
their designated values. The procedures adopted were to adjust the cell
pressure and the porewater pressure to their designated values pefore un-
loading. A period of about 1 hour was then allowed for porewater pressure

equilibrium to be reached. However Figures 7.2 to 7.4 clearly show that
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porewater pressure equilibrium was not achieved in some of the sampies,
This caused the initial sections of the shear unloading stress paths to
shift slightly laterally. The unloading stress paths then exhibited al-
most straight and almost vertical behavicur. This indicates that the sam-
ples at this stage were virtually elastic, isotropic and saturated. Dur-
ing the last decrement of unlcoading, the stress paths of some samples
{T704, T706 and T710) shifted to the right. This was possibly due to
equipment problems, rather than to fundamental behavicur of the ctiay.
However it contrasts with the behaviour of normally consclidated samples

measured by Ambrosie(1984).

7.4.2 Unloading of Consclidation Cell Pressure

All samples were subjected to isotropic unloading following the previ-
ously described unloading of the consolidation shear stress. The stress
paths of the samples during isotropic unloading are also presented in Fig-
ures 7.2 to 7.4, However it is difficult to distinguish the behaviour ex-
hibited by the samples during this stage and the dwell period. During
isotropic unloading, the porewater pressure usually decreased by about the
same amount (97%-100%) as the total stress change. This caused the effec-
tive octahedral stress p' to stay approximately constant between load de~
crements, Although the overall drops in p' were usually observed from
the beginning to the end of isotropic unloading, the differences were
small, wusually in the order of 1 to 3.5kPa. As was described earlier,
T710 experienced some leakage past the drainage valve during testing. The
leak resulted 1in an wuncharacteristically large reduction of porewater
pressure during the isotropic unloading phase of this test. This caused a
much ltarger decrease in p' {about 30kPa) during the unloading stage as

shown in Figure 7.3a.
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Figure 7.5 shows the porewater pressure response of three samples
(1708, T714 and T720) during isotropic unloading. The behaviour of these
three samples were typical among all the samples subjected to unloading.
The following observations can be made from Figure 7.5. (1) A1l three
samples followed almost the same stress path during unloading. (2) The
unlicading stress paths were straight until the porewater pressures dropped
to zero. The stress paths then deviated slightly from the straight line
relationship. This was systematically observed from all samples. One
possible reason to explain this behaviour is that the transducers were

non-linear in tension.

7.5 BEHAVIOUR OF SAMPLES DURING DWELL PERIQD

All samples except the control samples were subjected te periods of
low isotropic stress (5kPa) after unloading. This was done to model the
undrained storage of the samples on-ship or in the laboratory before test-
ing. The selected durations of the dwell periods were 15 minutes, 1 day
and 1 week. The background leading to the selection of these three peri-
ods was discussed in Chapter 3. Figures 7.2 to 7.4 show the stress paths
in p',q space during this dwell period. The drop in p' values at this
stage depended on the duration of the periods. For samples subjected to
15-minute and 1-day dwell periods, the drops in p' values were small,
ranging from 0 to 3.2kPa. The drop in p' for samples subjected to 1-week
dwell period was more significant, ranging from 7.4kPa to 21.,2kPa. Sample
T710 is again excluded from the discussion because of the leakage probliem
encountered.

Figures 7.6a and 7.6b show in logarithmic and arithmetic scales respec-

tively the porewater pressure behaviour of the samples with respect to



71
time during the 1-week dwell periods. Figure 7.6a shows that initially
the negative porewater pressure stayed almost constant at a negative value
of about -45kPa to -51kPa, followed by a sudden increase at times ranging
from 12 hours to 2 days after unloading. The reason for this sudden change
of porewater pressure behaviour is unclear. |t could possibly be due to a
sudden breakdown of the clay structure, or an equipment problem such as
valve leakage, or tleakage past sealing rings, or diffusion through the
membranes. Towards the ends of the l1-week dwell periods, samples T708 and
T720 showed some tendency to reach a constant value of negative porewater
pressure. However sample T714 still showed a linear relationship between
porewater pressure and elapsed time. Further research into the behaviour
of samples during the dwell periecd is required.

Kirkpatrick {1982) reported that the residual porewater pressure U_ of

R ©
his unconsolidated samples dropped to 45% of the initial residual porewa-
ter pressure URi after 5 hours of unlecading. At sample age of 50 days,
the ratio UR/URi dropped to only 25%. His results appear to be very much
different from those obtained in this investigation. However the condi-
tions under which the '"samples'" were stored and tested were different in
the two studies. Kirkpatrick's samples were stored in a wrapped and
sealed form and could reasonably experience some small expansive straining
that would have significant effect on the porewater pressures. The drain-
age condition was complex, possibly a combination of both drained and un-
drained control (Chapter 3). The 'samples' in the present investigation
were under undrained conditions during the dwell period, modelling those
samples which are stored in Shelby +tubes, and extruded just before test-
ing. Since the testing and drainage conditions in the two investigations

were not the same, it is perhaps not surprising that the drop in residual

porewater pressures were significantly different.
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The problem of dissclved gases coming out of solution from the pore
fluid of the samples upon siress release was addressed by many investiga-
tors (for example Okumura(1971) and Procter(1976)). In this investiga-
tion, bubbles were flushed out only from sample T708 at the end of the
dwell period. For the overconsolidated samples tested, gas releasing
problem was generally not encountered. This may be due to the retatively
low level of unlecading. The degree of saturation of the samples before
shearing was considered to be satisfactory (B values in Table 6). For
samples which are subjected to higher unloading stress level, gas releas-
ing behaviour could probably be anticipated. Further research in this

area is reguired.

7.6 BASIC SOIL PROPERTIES AND GENERAL DISCUSSIONS ON MOISTURE CONTENTS

7.6.1 Basic Scil Properties

Classification tests inciuding Atterberg 1limits, specific gravity and
hydrometer analysis for grain size distribution were performed on the il-
litic clay wused in this investigation. These tests were conducted on
trimmings from triaxial samples after undrained shearing. The average in-
dex properties are compared with those of Grundite (Wu et al{1983)) in Ta-
ble 2. Relatively good agreement is obtained between the two sets of
measurements. In the present study, the wvalues of plasticity index and
activity were 31.5% and 0.52 respectively. The corresponding values re-
ported by Wu et al (1983) were 28.3% and 0.53. Atterberg limits tests were
performed on eight of the eleven samples tested. Table 7 shows that no
major difference in plasticity existed among the samples (from 29.9% to

35.4% with an average of 32.2% and a standard deviation of 1.9%).
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Contents/at Different Stages During Testing!

7.6.2 Hoisturef

The moisture conteﬁts af different stages during testing are also pre-
sented in Table 7. The five sets of moisture contents were obtained as
follows:

1. At the slurry stage before cylinder consolidation.

2. At the end of cylinder consolidation, that is, the beginning of
triaxial testing. Moisture contents were obtained from trimmings
during the building-in process.

3. After triaxial consolidation. These were obtained by calculation
knowing the initial moisture contents and the volume changes during
consol idation.

k. Before shearing (after reconsolidation). Moisture contents at this
stage were again calculated.

5. Trimmings from failed samples were determined for moisture contents
after the completion of undrained shearing.

The difference in moisture contents between “after triaxial consolida-
tion" and "before shearing"” in Table 7 indicates the moisture content
change during unioading, dwel! and reconsolidation.  The samples were un-~
der undrained conditions during both the unloading and dwell stages, so
the difference in moisture contents was associated only with the reconso-
tidation stage. The changes in axial and volume strains during this re-
consolidation period are presented in more detail in Table 6. The changes
in linear and volume strains were clearly affected by the reconsolidation
procedures. In general, these changes were small. supporting previous the
discussions (section 7.5) that no significant loss of effective stress oc-
curred in most samples during the dwell period. Samples in Group 2 expe-

rienced 0.16% to 0.31% of volume expansion because p' was decreased from
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about 55kPa to L8kPa. For samples in Group 3, the p' values increased
from about 55kPa to B0kPa. This was accompanied by volume decrease rang-
ing from 0.96% to 1.32%. Since the increase in p' in this case was great-
er than the decrease (absolute value) in p' in Group 2, the volume de-
crease was larger than the volume increase experienced by Group 2 samples.
The bulk modulus (K=4Ap'/Av) can be calculated for both groups. The values
obtained were 3.5MPa for Group 2 samples (unloading), and 2.4MPa for Group
3 samples (loading). Virtually no volume change (+0.04% to -0.07%) was
observed for samples in Group &4 during reconsolidation, since the samples
were reconsolidated to the original horizontal and vertical stresses be-
fore unloading (that is no change in p'). This indicates that the test
procedures had not introduced mechanical disturbance to the samples.

The final moisture contents of the samples were determined from the
trimmings after shearing. This was checked with the calculated results at
the stage before shearing (Table 7). Since the samples were sheared un-
drained, the moisture contents before and after shearing should be the
same. Table 7 shows that these two sets of values are compatible in most
cases. The percentage differences between measured and calculated mois-
ture contents (absolute value) ranged from 0% to 1.2% if T712 is neglect-
ed. This indicates that using burettes to measure volume change is rea-
sonably reliable even though the samples were subjected to complicated
stress-strain variations over a relatively long period of testing. The
time required for each sample between buiiding-in and building~out from
the triaxial cell was about 3 to 4 weeks depending on the duration of the
dwell period. The lower measured moisture content in sample T712 compared
with the corresponding calculated value again supports the view that leak-

age had developed during shearing.
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7.6.3 Moisture Content Profile Across Failed Samples

There was initially some concern regarding the accuracy of determining
the moisture contents using the traditional method, namely oven drying wet
trimmings, and also in the variations of moisture content along the length
of the samples. Figure 7.7 shows the moisture content profiles across
three randomly selected samples. Each failed sample was cut into six
transverse slices along its height. Two moisture determinations were then
performed on each slice. The following observations can be made from Fig-
ure 7.7.
1. The difference between the two moisture contents determined from
each slice was generally less than 0.8%, and averaged 0.4%.

2. The moisture content difference along the length of the sample was
generally less than 1.5%.

3. There is a téndency for the moisture contents to be slightly lower
in the middle of the sample compared with the top and the bottom.
This is however contrary to suggestions by Bishop{(1961) that mois-
ture contents wvaried with distance along the axis of the sample
during testing, with the moisture content in the middle higher than

that at the bottom and the top of the sample.

7.7 UNDRAINED SHEARING BEHAVIQUR

7.7.1% Normally Consolidated and Overconsolidated Failure Envelopes

The tests conducted in this investigation permit an evaluation of the
overconsolidated Coulomb-Mohr rupture envelope of the ciay. wWhen these
are taken {n conjunction with the results obtained by Ambrosie(1984), both
the normally consolidated and the overconsolidated rupture envelopes of

the illitic clay at a preconsolidation pressure of 160kPa can be deter-
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mined. The envelopes are presented in Figure 7.8. Although the yield de-
viator stress defined in Chapter 6 was used for comparison of the failure
conditions, maximum deviator stresses have been used to determine the
rupture envelopes. Ambrosie(1984) reported a cohesion of OkPa and an ef-
fective friction angle of 26° for the normally consolidated samples he
tested. The overconsolidated envelope with a cohesion of 16kPa and a
friction angle of 18° was defined by linear regression from the eleven
sampies tested in the present study. A relatively high correlation coef-
ficient of 0.988 was obtained. It is interesting to note that the data
points from sampies T710 and T712 lie on the normally consolidated rupture
envelope. These two samples experienced sudden drops in porewater pres-
sure at the beginning of testing, which led to shifting of the stress
paths to the right. These were reported in Chapter 6. The author sug-
gests that since the normally consolidated and overconsolidated envelopes
are in close proximity in this region, it is only by coincidence that
these two points lie on the normally consolidated envelope. 1t should be
pointed out that the strength parameters suggested by Ambrosie (1984) are
very close to those suggested by Wu at al (1983) for Grundite (c'=0kPa,

$'=25%).

7.7.2 Infiuence of Duration of Dwell Peried on Undrained Shear Strength

The effects of two parameters, namely duration of dwell period and re-
consolidation procedures, on the undrained shear strength of clay samples
were studied in this investigation. The results will be discussed in the
following sections. Three samples were tested for each of three reconso-
lidation procedures with different durations of dwell peried. This was

mentioned in section 7.5. The stress paths during undrained shearing in
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p',q space for all nine samples in the three reconsclidation groups are
presented in Figures 6.13 to 6.15. The behaviour of the samples during
shearing was discussed in sections 6.2 and 6.3. The undrained shear test

results are presented in Table 6. |In order to reduce confusion, the codes

used to identify the "insitu soils'" and the "samples" defined in section

6.1 will again be used in this chapter.

1c
were very close, with T706 (1-day dwell) the highest and T708 (1-week

Table 6 shows that the qy values for samples in Group 2 (0.6 x ¢! _ CIU)

dwell) the lowest., Sample T706 again exhibited the highest values in q .

ameng samples in Group 2. The g values for the other two samples (T704

max

and T706) were virtually the same. Since the preconsolidation pressures

for all three samples were approximately 160kPa, the values of qy/c\:rC and

Apax/ 9yc follow the corresponding trend exhibited by the qy and C . val-

ues respectively.

Figure 7.8 shows that the qmak values of the three samples in Group 2

lie very close to the overconsolidated failure envelope, and are within

the range of acceptable experimental scatter according to the author's

view. In addition, Figure 6.13 shows that the stress paths of these sam-

ples are in close proximity. It can therefore be concluded that the dura-

tion of the wundrained dwell period did not affect either the shearing be-

haviour or the undrained strength envelope for the samples in Group 2.
Sample T710 (1-day dwell) in Group 3 (1.0 x Ojc ClU) showed the largest

values of both qy,and 9 ax in the group. Sample T712 (1-week dwell) ex-

hibited the lowest qy and qmai values, The coefficients of variation for
the samples in this group were 11.9% for qy‘and 11.6% for 9o’ The nu-
merical values at first sight may suggest that no relationship between un-

drained strength and dwell period can be deduced for this group of sam-
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ples, The stress paths shown in Ffigure 6.14 however suggest that some
pattern can be observed. This will be discussed in the remainder of this
paragraph. Problems regarding porewater pressure disequilibrium at the
beginning of undrained shearing in tests T710 and T712 were discussed in
the previous chapter. Furthermore the leakage problem of sample T712 dur-
ing shearing was alsc mentioned. Both of these events caused the stress
paths to shift to the right in p',q space. Since these two samples were
subjected to increases in effective octahedral stress corresponding to (1}
leakage and (2) a decrease in initial porewater pressure, the maximum de-
viator stresses were therefore higher compared with the maximum deviator
stress of sample T714. Figure 7.8 shows that the maximum deviator stress-
es of the samples in this group are located within an acceptable range of
experimental scatter from the average overconsolidated rupture envelope.
The lateral shifting of the stress paths was in fact helpful in permitting
determination of the rupture envelope, since a wider range of data points
was made available in p',q space. It is perhaps suprising and encouraging
to know that tests which have '"gone wrong" can produce considerable amount
of constructive information.

Disregarding for the moment the irregularities of the stress paths of
T710 and T712 discussed above, Figure 6.14 showed that all three stress
paths are approximately parallel to each other. The post peak behaviour
of samples T710 and T71k4 are very similar. When considered in conjunction
with the maximum p',q-values lying close to a well defined rupture enve-
lope in Figure 7.8, it can also be concluded that the duration of the
dwell period did not affect the shearing behaviour and the undrained

strength envelope of the samples in Group 3.
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The Group b samples were consolidated to the original stress levels ex-
perienced before unloading (1.0 x 07, CK,U). Table 6 shows that all three
samples have close qy values. For practical purposes, they can be assumed
equal. The Aax values are also very close, and lie virtually on the
rupture envelope. Figure 6.13 shows that the stress paths of these sam-
ples during shearing are bunched together. Therefore it can also be con-
cluded that the duration of the dwell period had no effect on both the un-
drained shear strength and the shear behaviour for this group of samples.
The shear behaviour of all nine samples subjected to three different
reconsclidation procedures has been discussed in this section. Conclu-
sions can be drawn that under undrained cenditions, the undrained shear
strength and the shear behaviour will be unaffected by the dwell peried,
but as will be shown later, they depend on the stress conditions during
reconsolidation. This conclusion can be easily misunderstood, and should
therefore be examined carefully. Porewater pressure increase (decreases
in p') were observed during the dwell periods as reported in section 7.5.
The reductions were small for samples subjected to 15-minute and l-day
dwell periods, and more significant for those subjected to dwell periods
of 1 week. However even with these different amounts of reduction in ef-
fective stress, the same undrained strengths and shear behaviour were ob-
tained from samples that were subjected to the same reconsolidation proce-
dures. It was therefore concluded that under identical reconsolidation
procedures, the strengths and shear behaviour of samples were not affected
by the duration of the dwell period. This should not be confused with the
conclusions suggested by Skempton and Sowa{1963), and Adams and Radhakr-
ishna{1970) that for samples with no loss of suction during unloading, the

undrained strengths of the "insitu soils' and the "samples' would be iden-
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tical. In these two studies, the '"samples'" had not undergone reduction in
effective stress and reconsolidation procedures were not performed. Kirk-
patrick (1982) suggested that under the same reconsolidation procedures,
sample ages of wup to 1 month had no effect on wundrained strength. This

agrees with the results obtained in the present study.

7.7.3 Usefulness of Reconsolidation Procedures in Recovering "lnsitu"
Strength

Two control samples were tested to model the shear behaviour of the
"insitu soils'". The results were compared with those of the other nine
samples which had undergone unloading. The usefuiness of each reconsoli-
dation procedure in recovering the insitu strength could in principle
therefore be evaluated.

Before evaluating the reconsolidation procedures, the shear behaviour
of the two control samples will first be discussed. Figure 6.12 shows the
stress paths of these two sampies. Sample T702 encountered the same ini-
tial porewater pressure drop described for tests T710 and T712 previoustly.
The drop caused the stress path of this sample to shift to the right. Al-
though there is a significant difference in both the qy and the qmax val-
ues between these two samples, Figure 7.8 shows that they lie on the same
rupture envelope. This indicates that both samples exhibited similar be-
“haviour under shearing. Due to the porewater pressure irregularities of
sampie T702, only sample T722 will be used in the following sections to
evaluate the usefulness of the reconsolidation procedures.

Figure 7.8 shows that samples from both Group 2 and Group 4 reconsoli-
dation procedures could predict.the insitu undrained shear strength with
adequate accuracy. Isotropic reconsolidation to insitu vertical stress

(Group 3) overestimated the undrained strength by about 12% in these over-
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consolidated samples {0CR=2}. ({In the parallel series of normally consol-
idated samples tested by Ambrosie (1984), the equivalent increase was 19%.)

The vertical strain at yield was larger in all the offloaded samples
than in the control samples. The strains for the two control samples at
yield were 0.65% and 0.75% respectively. The corresponding average
strains for Groups 2, 3 and L were 1.38%, 1.63% and 1.06% respectively.
Table 6 shows that the failure strains can be grouped according to the re-
consolidation procedure. The values were in general consistent among the
three samples in each group.

Values of the secant modulus Eg5gp and the relative stiffness E50/0.5qy
are presented in Table 6. Sample T722 showed high Egq and ESO/O'qu val-
ues compared with the other control sample (T702). The reason for this
significant difference is unclear. |In any case the secant moduli obtained
from the "samples" were lower than those of the control samples. Group &4
samples underestimated the Egg values by a greater amount (36%) compared
with samples from Group 2 and Group 3 (9.4% and 14% respectively). Kirk-
patrick (1982) reported the reconsclidated ‘*samples" {to insitu stresses)
underestimated the secant meodulus of the "insitu soils" by about 50% for
his overconsolidated illite samples.

Based upon the resulis obtained in this study, conclusions can be drawn
that both Group 2 and Group k reconsolidation procedures can adeguately
predict the insitu shear strength. Both methods however overestimated the
vertical strain at failure and underestimated the secant modulus.

Kirkpatrick (1982) concluded that K, reconsolidation to insitu stresses
was successful in recovering the insitu strength. He also reported that
if the moisture contents of the samples were unaltered, age had no effect
on consolidated undrained behaviour. This agrees with the results ob-

tained in the present study.
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7.7.4 Porewater Pressure Generation

The results of porewater pressure generation were presented in section
6.4, It was pointed out that the Af-values can be grouped according to
the reconsolidation procedures (Table 6). Group &4 samples adequately mod-
elled the Af -values of both control samples at yield (0.19 and 0.20 re-
spectively) . Samples in Group 2 and Group 3 however overestimated the Af
-values by about 30% and 75% respectively. Furthermore, samples which had
been allowed 1 week for the dwell period (T708, T714 and T720) showed Af
-values from 10% to L44% higher than the other two samples (15-minute and
1-day dwell periods) in the corresponding groups. Kirkpatrick(1982) re-
ported that Af-values decreased with sample age in his remouided unconso-
lidated samples. For illite with an overconsolidation ratio of 2.67, he
reported Af-values of 0.15 and 0.05 at samples ages of 1 day and 7 days
respectively. However for the samples reconsolidated to insitu stresses
he tested, Kirkpatrick concluded that the Afrva}ue at failure of the "sam-
ples! were about two times larger than the Af of the "insitu soils'". This
indicates that the unloading process has caused particle reorientation to-
wards a less overconsolidated configuration, leading to a larger Af value
for '"samples" compared with "insitu soils". This view is also supported
by Graham and Au(1984) for the "Freeze-Thaw', "Softened" and "Undisturbed"
Winnipeg clay they tested.

Porewater pressure behaviour during shearing was also examined in terms
of Au/c&c vs Ap/c\'fC (Figs. 6.16-6.19) in this study. The slopes m of the
linear sections of these graphs are summarized in Table 6. Except for
samples T702 and T708, all m values are higher than 1.0. The average m

values were 1.04, 1.12, 1.39 and 1.10 for samples in Groups 1, 2, 3 and &

respectively. Isotropic clay in the elastic range would give m=1.0, that



83
is Au=Ap. The measured m values greater than unity for the remoulded il-
litic clay indicates that the clay was lightly anisotropic in most cases,
and with higher horizontal stiffness than vertical stiffness (Graham and
Houlsby {1983)) . It is interesting to note that the remoulded reconsoli-
dated samples were under one-dimensional stress conditions during both
slurry and triaxial consolidations until unloading. The samples appeared
to be virtually isotropic during unloading. This is supported by the al-
most vertical unloading stress paths discussed in section 7.4.1, and the
m=1.0k value for the control samples which had not undergone unloading.
However after reconsolidation, the samples became lightly anisotropic as
indicated by the m values. In other words, unloading modified the origi-
nal clay structure in a way that produces an apparently anisotropic behav-
iour in subsequent loading. Considering the m values measured, Groups 2
and &4 reconsolidation procedures again better modelled the insitu behav-

iour than Group 3.

7.7.5 Strain Rate Effect

it has been shown that large variations in undrained shear strength can
be caused by different straining rates during shearing (Bjerrum et
al(1972), Graham et al (1983b)). Results for the strain rate parameters
pg.1 for the remoulded illitic clay have been presented in section 6.6.
The Py 1 Parameter ranged from 3.8% to 10.6% (Fig. 6.20 and Table 6). Re-
consolidation procedures and the duration of the dwell period did not seem
in this case to have any effect on the pQ.J-values. Table 6 also shows
the vertical sirains at the start and at the end of the relaxation test
(sps and epe) for each sample. The wvalues show that the total vertical

straining of the samples during the relaxation tests was between 0.1% to
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0.2%. Li(1983) also reported low pe'j-values (5.4% to 8.2%) for remoulded
Winnipeg clay. Both sets of values are rather lower than the range of
about 10% to 15% for many natural clays reported by Graham et al(1983b).
One possible reason is that the strain rate effect decreases with increas-
ing vertical strain (Brown{1969)). Since only a small extent of strain
softening behaviour was observed in samples in this investigation compared
with undisturbed Winnipeg clay samples (Lew(1981)), conducting the relaxa-
tion tests at 3% beyond the yield strain was not enough to cause the dif-
ference in po'l—values compared with the range reported by Graham et
al {1983b). Crawford{1961), Lo and Morin{1972) and Sangrey(1972) have re-
ported that the cemented and structured strength envelopes of some natural
clays were time and strain rate dependent. Another possible reason to ex-

plain the difference in p -values is that the interparticlie cementations

0.1
and the structured bonds of natural clays are destroyed by remoulding,
causing remoulded clays to have lower poil—vaiues. Relatively lower
vstrain rate effects were measured for some remoulded clays (Richardson and
Whitman{1963), Perioff and Osterberg{1963)), and this perhaps accounts for

the relatively low attention to the whole subject of strain rate effects

in most soils testing.




8.1

Chapter VIIi|

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH

CONCLUSIONS

Based on the study presented in this thesis on the testing of illite

from Grundy County, fllinois, the following conclusions can be drawn.

1.

X-ray diffraction tests indicated that the major minerals present
in the clay were quartz, illite and kaolinite, with proportion (by
occurrence) of illite to kaolinite more than 5:1. The index prop-
erties were close to those of Grundite reported by Wu et al(1983).
Under identical loading schedules, the A;-values for cylinder con-
solidation ranged from 0.532 to 0.726 with a coefficient of varia-
tion of B.9%.

The mean Xp-value (0.226) for triaxial consolidation was about
one-third as large as the mean Xj;-value (0.621) for cylinder con-
solidation.

During triaxial consolidation, the mean «k;-value (0.103) for re-
loading was about 2.2 times larger than the mean ky,-value (0.0476)
for unloading.

The A2/K3 ratio measured was 2.2.

For the small range of K=0§/05 values tested, there was a straight
line relationship between log(ejc/esc) and K. Analysis of the data
showed that the K, value was 0.49.

The average one-dimensional yield stress measured during triaxial

consolidation using bilinear plotting techniques was on average

_85_




10,

11.

12.

13.

1k,

86
only 2.2kPa higher than the previous highest axial consolidation
pressure of jOkPa.

The G/U\'fC values measured during triaxial consolidation ranged from
5.6 to 18.4 with an average of 13.2. The final vertical consolida-
tion stress was 80kPa with an overconsolidation ratio of 2.0.

The stress paths of the samples under shear unloading were almost
straight and almost vertical. This indicates that the samples at
this stage were virtually elastic, isotropic and saturated.

Puring the period of isotropic unloading, the effective octahedral
stress p' generally stayed constant between load decrements. The
overall drops in this stage were small, usually in the order of 1
to 3.5kPa.

Samples subjected to 15-minute and 1I-day dwell periods experienced
small drops in p' (0-3.2kPa). The drops in-p’ for the l-week-dwell
samples were larger (7.4-21.2kPa).

The overconsolidated strength parameters were c'=16kPa, ¢'=18° for
a preconsolidation pressure of 160kPa and an overconsolidation ra-
tio of 2.0. (Ambrosie(1984) reported normally consolidated parame-
ters of c¢'=0kPa and ¢'=26° for illite.)

If identical reconsolidation procedures were used, the strengths
and shear behaviour of "“samples' which had undergone undrained un-
loading were unaffected by the duration of the dwell period.
Anisotropic reconsolidation to insitu stresses was successful in
reproducing insitu shear strengths and Af—values. isotropic recon-
solidation to 0.6 «x Uic was also successful in reproducing insitu
shear strengths, Af-va]ues were however overestimated. Isotropic

reconsolidation to 1.0 x ch overestimated both the 1insitu
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strengths (by 12%) and the Ag.~values. All three reconsolidation
procedures overestimated the faliure strains and underestimated the
moduli values.

The unloading process caused particle reorientation that led to
larger Ag-values for "samples'" compared with "insitu soils'. Un-
loading also produced an apparently anisotropic behaviour in subse-
gquent loading.

The strain rate parameter Po.1 varied from 3.8% to 10.6%.

The moisture content difference across the whole sample was gener-
ally less than 1.5%. There is a tendency for the moisture contents
to be slightly lower in the middle of the sample compared with the
top and the bottom.

Using burettes for volume change measurements was relatively relia-

ble even though the samples were subjected to complicated stress-

strain variations over a quite long period of testing.

SUGGESTIONS FOR FURTHER RESEARCH

Further work on improving the moisture content consistency for cyl-
inder consolidation is urgently required. Loading schedule could
be controlled by strain to improve the consistency. Larger cylin-
ders which would produce more than one sample at a2 time could also
be used.

In order to model the real samples which are often extruded from
samples tubes after sampling, and stored in a waxed and sealed
form, drained conditions could be permitted during the dwell peri-
od. Measurement of porewater pressures should also be allowed.

This can be achieved by eliminating the circumferential filter
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strips, measuring porewater pressure using a cell-base pressure
transducer as done in this study, and allowing drainage through the
top cap.

Research should be conducted on samples subjected to higher level
of stress release. The gas-releasing behaviour and the degree of
saturation of the samples should be carefully examined.

A better control of the effective stresses should be aimed at dur-
ing the back pressuring stage. This 1Is to eliminate the sudden
porewater pressure fluctuation at the beginning of unloading and
shearing.

A detailed study of the shape of the yield envelope of illite
should be conducted.

Trials of other sealing constituents for the modified celi-top
should be continued.

The value of K, should be measured using strain gauges connected to

a servo mechanism that also controls the cell pressure.
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TABLE 1
SUMMARY OF TEST PROGRAM

TT12

?AMPLE # T702 T704 T706 T708 T710 T714 T716 T718 T720 T722
CVERCONSOLIDATION RATIO 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
DWELL PERIOD (hours) - 0.25 24 168 0.25 24 168 0.25 24 168 -
RECONSOLIDATION TYPE - CIu CIu CIu .CIV CIu CIu CAU CAU CAU -
RECONSOLIDATION LEVEL (x:iq) - 0.6 0.6 0.6 1.0 1.0 1.0 1.0 1.0 1.0 -

~ not applicable to control samples

TABLE 2
INDEX PROPERTIES OF THE CLAY TESTED (ILLITE) AND GRUNDITEX

SOIL TYPE LIQUID LIMIT PLASTIC LIMIT CLAY FRACTION SPECIFIC GRAVITY
(%) (<0.002mm) (%)
ILLITE 57.2 25.7 61 2.73
GRUNDITE 54.4 26. 1 53 2.78

* After Wu et al(1983)

£6




SUMMARY

TABLE 3

OF SLURRY CONSOLIDATION

SAMPLE # T702 T704 T706 T708 T710 T712 T714 T716 T718 T720 T722
MOISTURE CONTENT
OF SLURRY (%) 114.7 115.3 115.2 110.5 112.9 143.7 114.0 111.0 115.0 113.8 114.0
PERIOD UNDER
70kPa (DAYS) 8 13 G 7 9 10 9 8 11 13
MOISTURE CONTENT AT 70kPa
AFTER 24 HOURS (%) 63.7 57.6 50.6 56.2 52.3 54,2 64.7 61.4 65.3 57.3
MEASURED MOISTURE CONTENT
AFTER CONSOLIDATION (%) 52.1 47.5 47.3 45.8 46.2 47 .4 46.5 50.0 49.2 50.7 a7.1
CALCULATED MOISTURE CONTENT : «
AFTER CONSQOLIDATION (%) 50.8 48.4 52.1 46.6 49.1 50.3 45.7 47.4 49.4 48.8 47.5
aM 0.583 0.652 0.726 0.634 0.574 0.665 0.532 0.639 0.580 0.621%

- not available
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TABLE 4

TRIAXIAL CONSOLIDATION RESULTS

SAMPLE # T702 T704 T706 T708 T710 T712 T714 T716 T718 T720 T722

) Oeyy (kPa) 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0

(0,', (kPa) » 71.4 71.6 71.0 72.6 73.9 69.9 73.2 70.6 71.7 75.8 72.6

Oimffftz 160.2 160.0 160. 1 160.2 160.1 159.9 160.0 159.9 160. t 160.0 160.0

0] (kPa) 79.89 79.59 79.71 79.66 79.72 79.73 79.72 719.71 79.63 79.72 79.71

3/%:  0.57  0.53 0.55 0.54 0.53 0.46 0.53 0.53 0.53  0.55 .53
€ (W) 9.2 8.0 7.3 6.2 7.7 9.7 7.2 9.5 8.6 8.1 7.4
€3 W) 1.6 0.8 0.7 1.1 1.0 0.2 0.6 0.2 0.6 0.6 0.2
v. (%) 12.3 9.2 8.7 8.5 9.6 10.1 8.4 10.0 9.8 9.4 7.8
/e, 5.8 13.3 10.4 5.6 7.7 48,5 12.0 47.5  14.3  13.5  37.0
Moo 0.583  0.652 - 0.726  0.634 - 0.665 0.532 0.639 0.580 0,621
¥1 0.168 - 0.080 0.083 0.107 - 0.072  0.117 0.099 0.098 -
3 0.246 - 0.202 0.206 0.204 0.238 ©.220 0.227 0.238 0.245 0.234
22 0.049 0.050 0.046 0.045 0.043 0.043 0.045 0.055 0.050 0.048 0.050
Keq (KP®) - 533 1019 1125 1066 830 837 1335 806 936 971 1682
k;q/°'c,1 7.7 14.6  16.1 15.2  11.9  13.4 19,4 1.5  13.4  13.9  24.0
Goq (KPR 392 885 1290 1237 766 738 1209 614 924 1113 1039
Goq’%¢y1 5.6 12.6 18.4  17.7 10.8  10.5  17.3 8.8 13.2 15.8  14.8

* from Table 5.
¢ from Table 3
- not available
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YIELD STRESS FROM DIFFERENT CRITERIA (VERTICAL STRESS IN kPa)

TABLE 5

SAMPLE # T702 T704 T706 7708 T710 T712 T714 T716 T718 T720 T722

03/6] AT YIELD 0.569 0.529 0.553 0.545 0.538 0.474 0.530 0.530 0.529 0.523 0.529
log(P)-v 68.2 72.0 77.4 75.0 - 73.7 70.7 74.3 76. 1

p-v - 69.7 - - - 71.7 - 71.8

€ - 72.0 - 76.3 72.1 - 75.7 - 70.5 76.5 73.7

9 "5 - 72.14 - 71.2 74.3 - 73.7 - 68.2 73.7 73.2

P- € - 70.4 - 70.0 73.6 - 7.7 - 74.7 74.7 72.5
W-LSSV 74.6 73.6 69.8 68.8 75.3 69.3 72.8 70.3 70.6 77.8 71.9

AVERAGE 1 71.4 71.6 70.9 72.7 74.1 69.3 73.2 70.6 71.7 75.8 72.6

% DIFF. WITH 70kPa =-2.0 -2.2 -1.3 -2.8 -5.8 +1.0 -4.5 -0.9 -2.4 -8.2 -3.7

= not available
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TABLE 6
SUMMARY OF UNDRAINED SHEAR TEST RESULTS
SAMPLE # T702 T704 T706 T708 T710 T712  TT14 TT16  T718 T720 T722
TEST TYPE CAU cIu c1u ciu c1u ciu ciu CAU cau CAU CAU
RECON. % (kPa) - 48 48 48 80 80 B0  42.4 42.4 42.4 -
RECON. %) (kPa) - a8 48 48 80 80 80 80 80 80 -
DWELL TIME (hr) - 0.25 24 168 0.25 24 168 0.25 24 168 -
%ee (kPa) 160.2 160.0 160.1 160.2 160.1 159.9 160.0 159.9 160.1 160.0 160.0
%ic: (kPa) 7¢.9 79.6 79.7 78.7 79.7 79.7 18.7 79.7 178.6 719.7 79.7
93/% 0.57 ©0.53 ©0.55 0.54 0.53 0.46 0.53 0.53 0.53 0.53 O0.53
DCR 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
_“‘1:&(%) * - -2.2 0,07 -0.06 0.15 0©.12 ©.419 0.05 0.04 0.10 -
Beyrc (%) * - 0.03 -0.14 -0.12 0.43 0.42 0.60 -0.01 -0.06 -0.03 -
A"rci(%) * - -0.16 -0.21 =-0.31 1.02 ©.9 1.32 0.04 -0.07 0.04 -
q;/2;<upa> 41.4 34.5 35.8 33.3 45.4 52.2 41.3 37.0 37.7 3873 37.4
qylzcéc; 0.258 0.216 0.224 0.208 0.284 0.326 0.258 0.23% 0.235 0.239 0.232
€, at ?y!{%) 0.75 1.44 1.339 .32 1.49 1.68 1.71 1.18 1.01. 0.89 0.65
ql,xfzi{kPa) 43.7 36.2 37.8 36.4 50.5 55.2 43.7 38.4 3%.4 39.7 39.0
. qan2=;¢ 0.273 0.226 0.236 ©.227 0.315 0.345 0.273 0.240 0.246 0.248 0.244
€1 Bt Quuyj (%) 1.66 2.56 2.67 5.03 6.85 3.06 2.93 1.98 2.94 1.85 1.o8
P' 8t 4., j(kPa) 76.2 59.1 59.5 58.5 86.7 108.0 74.2 63.3 65.2 61.9 63.1
Ag at 9,/ 0.1 0.25 0.24 0.27 0.31 ©.31 0.42 0.17 ©0.15 0.23 0.20
B (%) 98 96 26 [=1:74 99 =T} 97 97 97 a8 o8
m 0.82 1.3 1.11 0.80 1.56 {.10 1.50 1.08 1.03 1.20 1.25
o1 (%) 10.6 6.5 6.8 4.7 9.3 + 8.4 3.8 4.5 5.1 5.1
Eos' (%) 3.11 3.14 3.39 3.21 2.85 + 2.83 3.42 3.77 3.28 2,90
’ Eooi(%) 8.29 3.26 3.51 3.32 3,04 + 3.08 3.52 3.92 3.39 3.03
Eso (MPa) e 13.8  12.5 12.3 12.7 11.6 12.8 11.1 8.9 8.3 2.2 23.1
?55910-54,50 333 362 343 3a2 255 245 268 240 221 241 623
Eco/O%c o 86.0 78.1 76.7 79.4 72.3 80.2 68.1 55.6 52.0 57.7 144.8
G/o) i o 28.7 26.0 25.6 26.5 24.1 26.7 23.0 18.5 {7.3 19.2 48.2

D+ : %

not apptlticable

positive compression,
8 value based on response at 5 minutes after increase of cell preaessure

not available

calculated using qy

negative expansion




BASIC SOIL PROPERTIES AND MOISTURE CONTENTS(%) AT DIFFERENT S$TAGES

TABLE 7

SAMPLE # T702  T704 T706 T708 T710 T712 T714 T716 T718 T720 T722
LIQUID LIMIT (%) 61.5 - 57.4 55.7 58.7 57.4 56.9 54.9 61.0
PLASTIC LIMIT (%) 27.1 - 26.5 24.8 25.6 25.6 25.6 25.0 25.8

PLASTICITY INDEX (%) 34.4 - 30.9 30.9 33, 31.8 31.3 29.9 35.4
BEFORE CYLINDER
CONSOLIDATION 114.7 115.3 115.2 110.5 113.9 113.7 114.0 1411.0 115.0 113.8 114.0
BEFORE TRIAXIAL
CONSOLIDATION (MEASURED) 52. 47.5 47.3 45.8B 46, 47.4 46 50.0 49.2 S0, a7.1
AFTER TRIAXIAL
CONSOLIDATION 41, 39.8 40.0 38.8 38. 38.8 39, 41.3 40.8 42, 40.6
" BEFORE
SHEARING 41. 39.9 40.2 39.14 37. 38.0 38. 41.3  40.8 42, 40.6
AFTER SHEARING
(MEASURED) 41, 40.7 41.0 33.9 37. 36.4 39. 41.5 41.3 43, 41.1

“- not available
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(a) COMPONENTS

(b) IN OPERATION

FIGURE 4.5a,b - MECHANICAL MIXING UNIT
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FIGURE 4.7 - SLURRY CONSOLIDATION IN PROGRESS

40}

FIGURE 4.6 - SLURRY CONSOLIDATION APPARATUS .
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FIGURE 7.4c - STRESS PATHS FOR TRIAXIAL CONSOLIDATION, T722

951



500 I l T I ]

400 4 -
°
a
<
" 300 —~
14
3
0
R
x 200 .
.
¥
L
}.—
<
2 100 .
[
1
@]
he

0
~100 T I T 1 I
0 200 400 600
CELL PRESSURE (kPG)
o T708 + T714 ¢ T720

FIGURE 7.5 - POREWATER PRESSURE BEHAVIOUR DURING UNLOADING,
T708, T714, T720

157




POREWATER PRESSURE (KkPa)

POREWATER, PRESSURE (kPa)

10! 100} 1000! 10 000!

100 000!

LA ¥ ] I]‘Ill

L1 T l’l!l-ll ¥ T rl T
-25 —
—-30
—.35..

—40 -

¥

-60 T T T T T T
1 2 3 4

ELAPSED TIME (MINUTES) (LOG SCALEg
o T708 + T714 © T72

(a) POREWATER PRESSURE vs LOG(TIME IN MINUTES)

—20 T T 1 T T

—60 T T T T 1
o 2 4

ELAPSED TIME (DAYS)
+ T714 <

o T708 T720

(b} POREWATER PRESSURE vs TIME IN DAYS

FIGURE -7.6a,b - POREWATER PRESSURE BEHAVIOUR DURING DWELLING,

T708, T714, T720

158




top>

SAMPLE PROFILE

<bottom

top>
hrl
1
top>
i

i
SAMPLE PROFILE
e
1
SAMPLE PROFILE
T

Zhottorm
‘<<bottom

W v ®

FIGURE 7.7 - MOISTURE CONTENT PROFILE ACROSS SAMPLES AFTER UNDRAINED SHEAR,
T704, T708, T716

651




q (kPa)

b

140 -

130
120
110 +
100 +
90
80 -
70 -+
60 -
50 4
40
30
20
10 -

GROUP 1
1702 1722

+

T704 1706 T708

T T T T T
40 60 80 100

' (kPa)

P
GROUP 2 ¢  GROUP 3

1710 T712 1714

120 140

a

GROUP 4
1716 T718 1720

FIGURE 7.8 - NORMALLY AND OVERCONSOLIDATED RUPTURE ENVELOPE

1
(GV.C'

160 kPa ) OF ILLITE

091



161

APPENDIX A

SAMPLE EXTRUSION




Appendix A

SAMPLE EXTRUSION

A.l INTRODUCTION

This note describes the steps used in employing the extrusion unit that
was designed for extruding remoulded clay samples from consolidation cyl-
inders in the Geotechnical Laboratories, University of Manitoba. The sam-
ples are then prepared for triaxial or oedometer tests using standard
trimming and building-in procedures, which are described by Lew(1981).

The principle employed by this unit was suggested by Li(1983). The
equipment (shown in Fig. 4.8) was designed by the author and his co-worker
R. W. Ambrosie. Useful advice given by Br. J. {raham during the design
stage is much appreciated. Technical staff, Mr. J. Clark, Mr. S. Keyer-
hoff, and Mr. N. Piamsalee are acknow!eged for their contribution in fa-
bricating the equipment.

This note takes the form of a set of abbreviated instructions for em-

ploying the equipment.

A.2 EXTRUSION
1. Lightly oil the interior of the cutting cylinder and the guide rods
with silicone oil.
2. Weigh six empty containers for the determination of moisture con-
tents of clay trimmings.
3. Ensure that the jack piston is fully retracted.

4, Place the adaptor on top of the jack piston.

--162 -




10.

11.

12,

13.

14,

15.
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Loosen the fastening screws and remove the lid of the conselidation
cylinder.
Invert the consolidation cylinder containing the sample with the
cylinder piston still in place.
Slide the cylinder piston shaft into the adaptor and set the cylin-
der on the supporting platform of the main frame.

Note: Although it is unlikely that the cylinder piston will fall

while the cylinder is being inverted, it is suggested to sup-
port the piston by hand throughout this step.
Loosen the fastening screws and remove the base of the consolida-
tion cylinder.
Slide the adjustable cap down the guide rods until the cylinder
wall fits into its circular groove.
Tighten the two clamping screws to fix the adjustable cap in place.
Note: At this point, the consolidation cylinder should be secured‘
in place.
Pump the jack piston upward slowly and carefully. This causes the
sample to be extruded from the cylinder. Stop pumping until the
filter stone is cliear of the cylinder wall.
Remove the filter stone and the filter paper carefully.
Slide the cutting cylinder down the guide rods until the cutting
edge is about 3cm above the sample.
Tighten the two clamping screws to fix the cutting cylinder in
place. Jack the sample up against the cutting cylinder. Trim of f
excess clay.
Step 14 is repeated as necessary. Standard procedures, described
by Lew(1981), for trimming and building-in ciay samples for triaxi-

al tests are then followed.




lo4

16. A total of 5 or 6 batches of clay trimmings are to be collected for

moisture content determination throughout the extrusion process.
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LEVEL 2.3.0 (JUNE 78} 05/360 FORTRAN H EXTENDED DATE 84.0889/18.53.0% PAGE 1
REQUESTED OPTIORS: ,EB,,,.O0B.J,,MAP,,GOSTMT,, , SIZE(256K).5,NAME[MAIN) ,0PY[0]},LC(654) ,A0(NONE) FLAGLE}, 1636

OPTIONS TN EFFECT: HAME[MAIN) NOOPTIMIZE LINECOUKTY[S54) SIZE(0256K) AUTODBL[HONE)
- SOURCE EBCDIC KOLIST HMODECK OB.JECT MAP NOFORMAT GOSTMT NOXREF NDALC NOANSF NOTERM IBM FLAGII)

c
c
c
c
[ 4 EFEEEETIETICLIELIETILRTIEEL S
[ E *
c * TXCEP *
[+ * *
[ TEELIEITITTICRTLLIILRLEALREE R
c
C
c THIS PROGRAM REDUCES DATA FROM TRIAXIAL CONSOLISATION
[ FEST. REDVUCED DATA IHCLUPES :
c
c 1) EFFECTIYE AXIAL STRESS
c 2) EFFECTIYE LATERAL STRESS
§ C 3) AXIAL STRAIHN
: c 4] LATERAL STRAIKN
: C 5] YOLUMETRIC STRAIN
H c 5) EFFECTIVE P
i c 7) EFFECTIYE ¢
c 8) ¥GlD RATIO
[ 8]} SPECIFIL YOLUME
: [ 10) SHEAR STRAIN
i c THE PROGRAM ALSD INCLUDES ENERGY CALCULATION WHICH WAS
i [ WAS BASICALLY THE SAME PROGRAM A5 “ENERGY*. :
: [ BESIDES THE FUNCTIONS MENTIOHED ABOYE, THIS PROGRAM
[ ALSO PRODUCES THE FOLLAOWING PLOTS :
=3
c 1) LOG P ¥S. ¥
c 2} P ¥S.
[ 3) SHEAR STRAIN ¥S5. @
c al ¥0L. STRAIN ¥S, P
c S} LATERAL STRAIN ¥S. LATERAL STRESS
c 6} AXIAL STAIN ¥S. LATERAL STRESS
c T} LSSY ¥S5. W
c 8} AXEAL STRAIN V5. P
c
c
c
[
ISM 0002 DIMENS10M SIGMAE(90),SIGHAZ(90},5TRANI1{80),STRAN3{S0},YOLSTRIBO]
&,P{90),0(90),VR(90},SPVYOLISC),DELTAH[90) ,DELTAV(90),1BUF[{4000]
1SN ¢o03 DIMENSION JPTI(30),ESIMAT(90)},ESIMA3(50),ASTRHI{90) ,RSTRN3([S0),

IDEVSTHM{90} ,0CTSTMI90),VOLSTKISO)},ASEMAT1{90},ASIMAZERD),
IDESTN1{90} ,DES¥HNA(BO),LS5YV(90),DELENE(9Q) , TOTENE(S0),
INSTRNI{90} , NSTRN3(90),DELENKI{S0], TOTENN{90} ,IHCSKI{BC]),
EINCSHI{ 90}, INVOL[90) , HYOLSN({90),LSNVE(9Q) ,LSNYN(90) , SHESTR(90]

ISH cooa REAL LSSY,HSTRN1,HSTRNJI , RVOLSN, INCSH1, INCSK3, INVOL,LSNYE, LSHYHN
: ISN 0003 REAL ISTRM1,ISTRN3Z
2 ISH 000E REAL IMC,GS,1¥R,RATIO,FMC, IKTHT, ENTVOL
L <
H 4
: c READING IN ESSENTIAL INFORMATION
[+ rxz
[4
c
ISH o0e7 WRITE{6,60)
1SH o008 WRITE[6,61} :
1SH 0008 READ:* ,JSAMP,NHOLE,TOPTHM,BOPTHM {
ISN 0010 1F {KHOLE.LE.O} GO To a2z
ISH 002 WRITE{6,630}JSAMP,NHOLE, TOPTHM, BDPTHM
ISH 00t3 GO TO 42
ISH cOta 42 WRITE(B,631} JSAMP 5
I1SH 0015 43 READ* ,IMC,GS
1SH 0016 IVR:GS*IMC/t00
: 15N 0017 WRITE(6,100}1MC
: 1SH o018 WRITE(G,1011GS
: 154 0018 WRIFE(G,102}I1VR
ISH o020 READ® , INTHT, ERTVOL
ISH o021 WRITE(G, 120) INTHT
1SN o022 WRITE(S,121}INTVODL
ISH 0023 READ* ,JDATES,JDATEE
ISH 0023 READ®t ,H :
1SN 00625 | E3] :
1SN 0028 2 IF{I.GT.M) GO 7O 3
1SN o028 READ® IGMAVIT]),SIGMAZ(1) , DELTAKEE)} , DELTAV(L)
1SN 0028 J=DELTAH[I)/INTHT*t00O
1SH o030 1=DELTAV(I)/INTYOL*100
1SH 0031 )= {VOLSTRI{I)-STRANt(E})/2
ISK 0032 )= {STRANI{I1)-STRANI{F})}=2/3
1SN 0032 GMAI[1)+S1CMAZ(1)22)/3
ISN o034 MA1{1}-STGMA3[I}
1Sk oo3s R-YOLSTR(1)}/t0o0z{1+1¥R]
1SR 0036 s 1+YRII}
1SH 0037
1SH oe38 GG TO 2
1SH o039 3 RATID:=SIGMA3{M)/SIGMA1(M)
1Sk oos&o WRITE(S, 10T)RATIO
ISK 0041 FMC:100¢¥R([M])/GS
ISk 0042 WRITE[G, 108)FMT
ISk 0043 WRITE(6,165)JDATES, JDATEE
ISK o044 WRITE(6,54)
ISk 0045 WRITE([6&,65)
1Sk 0046 WRITE{&,68) :
1S5k 0047 WRITE[E,70)
ISN oosa I=1 H
i5H ooass 4 IF[1.GT.M) 6D TD &
ISH oos1 WRITE{E,280)1 ,SEGMALI{L)},SIGHMAZ({I), SYRANI(T),VOLSTR(T},STRANZ(1],
3 apP{1),el1),¥R(T),SPYCEL(I),SHESTR{I)
B ISH 0052 [E3 ]
X ISH ©o053 GO YO 4
ISH 0053 S L=JSAMP/10C
ISH ©O55 HS:JSAMP-L*100
c
c
c
4
c
c
ISH ©O56 CALL PLOTS[IBUF, 4000}
ISH ©057 CALL PLOT(0.0,-5.0, -3}
ISH cOB58 TALL PLOT(O.¢ 5,-3)
ESH 0059 CALL SCALG{P,5.5.M,1}
ISH c060 CALL SCALE{SPYOL,4.0,M,1])
ISH ¢051 CALL LGaXS{0.0,¢6.0,* LOG P (KPA)*,-12,5.5,0.0,
EP[M+1},P[M+2})
ISN 0062 CALL AX15{9.0,0.0, "SPECIFIC YOLUME',15,4.0,90.0,
ASPYOL[M#t},S5PVOL(M+2Z) ]}
ISN 0063 CALL LGLINIP,SPYOL,M,1,-1,2,-1}
ISN 9084 CALL SYMBOL(4.1,3.3,0.21,4HT706,0.0,4}
ISN 0065 CALL PLOT{0.9,4.0,3)
ISK 0066 CALL PLOT{S5.5.4.0,2)
ISN 0087 CALL PLOT(5.5,0.0,2]
ISN 00ES CALL PLOT(5.4,1.0,3)



ISN o068 CALE PLOTES.5,1.0,2)
1SN 0070 CALL PLOTES.2,2.0,3)
1SN o071 CALL PLDT(5.5,2.0,2)
ISN 0072 CALL PLOT(5.4.3.0.3) 167
ISN 0073 CALL PLOT(S.5,3.0,2}
c
c
c
c
c
[
1SN 0074 CALL PEOT (0.0,4.5,-3)
1SN 0075 P{M+1):0.0
I1SKH 0076 P{M+2]}:30.0
1Sk 0077 Qi{M+1}zo.0
15K o078 Q{M+2}:30.0
ISK 0078 CALL AX1S[0.0,0.0,°P [KPA)*,-7,5.5,0.¢,P(M+t), P{M+2})
ISk o080 CaLL AX1S(0.0,0.0,7¢ [KPA)",7,3.5,90.0,Q(M+1),0(M+2]])
ISR 0081 CALL LINELP,@,M,1,-1,1) H
ISk o082 CALL SYMBOL{©0.5,2.8,0.21,48HT7706,0.0,4)
ISH o083 CALL PLOF(0.£,3.5,3)
ISK O0BS4 CALL PLOTIS.5,3.5,2)
H ISH O0OBS CALL PLOTIS.5,0.0,2)
: ESH OOBE CALL PLOT(5.5,1.0,3)
ISH 0087 CALL PLOTIS.5,1.0,2)
ISH 00CBS CALL PLOTIS.4,2.0,3)
ISH 0089 CALL PLOTIS.5,2.0,2)
ISH 0080 CALL PLODT(S.4&,3.0,3)
ISH 0091 CALL PLOT[5.5,3.0,2)
ISH 0082 CALL PLOT[1.9,3.4,3)
ISH o083 CALL PLOT(1.0,3.5,2])
ISH o084 CALL PLOT[2.0,3.4,3)
ISH 0085 CALL PLDT[2.0,3.5,2]
ISH 0086 CALL PLOT{3.0,3.4,3)
ISH ©087 CALL PLOT[3.0,3.5,2]
ISH ©098 CALL PLOT{4.0,3.4,3]}
ISH ©o98 CALL PLOT{4.0,3.5,2)
ISH otoC CALL PLOT{5.0,3.4,3]}
ISH 10t CALL PLOT(5.0,3.5,2]
15N ©102 CALL PLOT{12.0,0.0,-3]
c
[
c
c
1SN ©103 WRITE{6,581)
ISN ¢104 WRITE{G,71)
ISN ©105 WRITE{G,72]
- ISN ¢10§ 131
: 1SN ©107 &€ IF{I.GT.M] GO TO 7
| 1SN 9108 WRITE{6,882)F,SIGMAV{E},SIGHAZ[T) STRANI[I},STRANI{I],SPYOL(I])
H 15N o110 ER T ]
: ISH o111 Go TO &
1SN o112 7 CONTINUE
c
: c
: c
: ISH 0113 NzM
: ISH o114 PRINT &0
ISH o115 PRINT 61
ISH 0116 PRIRT 63
1SN 9117 PRIRT 66
ISN o118 EF [NHOLE.LE.C) GO TO 48
1SH ¢120 PRIRT 80, JSAMP,NHOLE,TDPTHM,BDPTHM
ISH 0121 GO TO 4as
1SH 0122 48 WRITE(6,631) JSAMP
1SH 0123 4% PRIRT 85, JDATES, JDATEE
ISR 0124 PRINT 81
1Sk 0125 PRINT 82
ISK 0126 PRINT 83
I1SK 0127 PRENT &4
ISk 0128 po 10 §izt,.K
c
[+
[ READING IK STRESS-STRAIN VALUES
[+ = zrzzza=c:
[4
[ :
ISk 0129 ESEMAT([I)=SEGMALEL}
ISk 0130 ESIMAZ[1)zSIGMAI(I}
ISH 0131 ASTRN1[1)=STRANt(I}
ISKN 0132 YOLSTH[1)=VOLSTRI{I} :
ISK 0133 JPTL{1)=1 /
ISN 0134 DEYSTHM{J)=ESIMAI[I}-ESIMA3[1)
ISk 0135 BCTSTH{IJ=fESIMAT|I)+23ESIMAI(1)])/2
ISN 0136 RSTRNI(1)=(VOLSTN(I)-ASTRNi(1})/2
ISN 0137 10 COKTINUE
ISH o138 Lake-1
. ISH ©138 HSTRN1{1)=ASTRNI[1}/{1-ASTRH1(1)/200}
- ESH 0140 HYOLSHE1)=¥OLSTN{1)/(1-vOLSTN[1]/200}
ISH 0141 HSTRNZ(1)=[RYOLSN(1)-HSTRNI(1))/2
ISH 0142 oo 12 I1=1,t
ISH O0F43 INCSNE(EI)=[ASTRNI{II+1)~-ASTRR1(IT)}/
¥ [1-[ASTRNS{II+t}+ASTRNT1[I1))/200)
ESH Otaa INVYOL(IL}={VOLSTN[TI+1)-YOLSTREITI))/
¥ [t~ (YDOESTH(II+1}+VOLSTHILII}]/200)
ISH O145 INCSNIEET)=(INYOL(I1}-1KCSHI(I1})/2
ISN C©146 12 CONTEKUE
ISH ©t47 oo 3 K=1,L
ISH ©t48 NSTRNIEK+1)sINCSNI(K}+NSTRH1(K)
ISN otas NSTRHI[K+1):INCSH3EK}I+NSTRHI(K])
ISN ©15¢ NYOLSH(K+1)sINYOL{K)+HVYOLSH(K)
i ISN ©15¢ 13 CONTINUE
. ISH ©152 OSIMA1:ESIMAT( 1]}
ISN ©153 OSIMA3:ESIMAZ( 1}
ISN o154 DSTRE1:ASTRN1( 1)
ISN ©155 OSTRN3I:RSTRNI( 1)
ISN 9156 ESTRNI=HSTRN1(t)
ISN 9157 ESTRH3=NSTRN3I( )
ISN o158 ;1] 1 I:=1,N
ISN 9158 ES5Y(1)=SORTI[ESIMAI(I}-0SIMA1)=22+2+(ESIMAZ(T)-0SIMAZ)*s2}
ISN ¢160 LSHYE(E}=sSCRT[(ASTRH1(T)-0OSTRH1)*22+22 (RSTRN3{1)-0STRN3}s22)
ISH o161 LSNYH{I)=SQGRTEINSTRHILI)-ISTRN1)®+2+22 (HSTRN3{1)-ISTRN3}=z22}
ISN o162 1 CONTIRUE
c
c
[ EHNERGY CALCULATEONS
[
c
[
ISH 0163 HaH-1
ISH 0164 Bo 20 J:zi,M
ISH ©165 ASIMAT[J)={ESTMAI[J+1)+ESIMAL(I}) /2
I1SH 0166 ASEMAZ[J) s (ESIMAI[J+1}+ESIMAB[JI}) /2
1SN 0187 DESTN1[J)=ASTR¥E[J+1]-ASTRNI{J]
ISH o168 DESTNZ{J)zRSTRN3I{J+1)-RSTRN2{J)
iSK 0188 DELENE{J)=(ASIMATI(J)}=DESTN1(J)}+22ASIHAS(JI*DESTRI(J}]/ 100
ISk 0170 DELENN{JYI={ASIMAI{J) s [NSTRNE{J+1]}-HSTRHI[J)) +
1 2xASIMAZ[J) = (NSTRE3[J+1)-NSTRNI[J]}) /100
ISK 0171 20 CONTINUE
ISK 0172 TOYENE(1})=0.0
15K 0173 TOTENN{1):0.0

1SN 0174 oo 30 K1, M



ESN
ISH
ISN

ESN
ESN

ISN
ISN
ISH
ISN
ISN
ISN
ISN
ISK
ISH
1SN
ISN
ISH
ISHN
ISN
ISN
ISN
ISN
ISN

ISH
ISk
ISH
ISK

R8-1.]
ISN
ISKH
ISKH
ISN
ISH

ISH

ISH
ISH
ISN
ISH
1SN
ISH
Isn
1SN
ISKH
ISKN
ISKN
1SN
ISk
1SN
ISH
ISN

ISH
ISH
1SN
ISH
ISK

ISH
ISH
ISH
ISH
ISN
ISH

ISNH
ISH
ISH
ISN
ISH
ISN
ISN
ISN
ISN
ISH
1SN
1SN
ISN
1SN
ISH
ISH
ISKH
ISH
ISK
ISH
ISNH
ISK
ISKH

ISR
ISKH
ISk
ISk
ISH
ISH

ISR

ISk
ISK
ISK
ISK
ISR
ISk
ISk
1Sk
ISk
ISH

0175
o178
0177

0178
0178

0180
0182
0183
C184
Q185
0188
Q187
Q1838
Q130
0131
0182
Q182
0134
0185
=251
137
o193
Q199

0200
o202
0203
0204

0205
0208
0207
o208
o208
o210

o211

0233
0234
0235
0236
0237
02328

0239
0250
02481
o282
0243
o244
0245
0246
o247
o243
o248
0250
02351
0252
0253
0254
0255
0256
0287
0258
0259
0260
0261

0262
0263
0264
O2ES
0266
0267

0268

Q269
o270
0271
0272
0273
0274
0278
0278
02717
0278

nNonnoDon

nooOonn

nnonooon

nonNnnNon

30

TOTENE(K+1)+DELENE[K)+TOYEKE(K)
TOTEHKEK+1)=DELENNIK)+TOTERNIK)
COHNTIKUE

PRINY CALECULATED RESULTS

trssczsezErzazezzzaz
oo 40 KXz1,N
PRINT 90, JPT{KK),ESIMA1(KK),ESIMAZ{KK), DEYSTM(KK},OCTSTM{KK],
1ASTRNIIKK] ,RSTRNI(KK) , VOLSTNIKK] ,L55V{KK]),LSRVE[KK)}, TOTERE (KK}
IF [KK.EQ.N) G0 TO 40
PRINY 81, DELENE{KK)

40 CONTINUE
PRINT 6O
PRINT E1
PRINT 63
PRINT 73

a6

IF {NHOLE.LE.C) GO TO 46

PRINT 8¢, JSAMP  NHOLE, TDPTHM, BOPTHM
Ge TO 47

WRITE{6,631) JSAMP

47 PRINT 85, JDATES,JDATEE
PRINT 81
FRINT 82
PRINT 83
PRINT 84
oo a1 JJ=1,

41

PRINT 90, JPTIJJ) ,ESIMATI[{JJ) , ESIMAZ(JL) ,DEVSTM(JJ}, 0CTSTM(JS]),

INSTRNI{JJ] ,NSTRN3(JJ) , KVOLSNIJJ) LSSV JJ),LSHYN[JJ}, TOTENN(JI])
IF [JJ.EQ.N) G50 TO a1

PRINT 91, DELENK{JJ}

CONTENUE

MM+

SHEAR STRAIN VS SHEAR STRESS PLOT

IEEEEEREREER

CALL PLOT({¢.0,-5.0,-3])
CALL SCALE(SHESTR,4.5,M, 1)
SHESTRI{M*+1)z0.0
Q(M¥1)z0.0
G(M+2):30.0
caLt AXIS{€.0,0.0C, SHEAR STRAIN [%)’,-16,6.0,0.0,
ASHESTR{M+1},SHESTRI{M+2}])
CALE AXIS[¢.0,0.0,*SHEAR STRESS , ¢ (KPA)’,22,4.0,90.0,
&QIM+1),Q(M+2] )
CALL LINE[SHESTR,Q,M,1,-1,98)
CALL SYMBOL(o.S, ©.21,4HT706,0.0,4)
CALL PLOT(C.
CALL PLOT{
CALL PLOT(
CALE PLOT{
CALL PLOT(
CALE PrLOTI
CALL PROT{
CALEL PLOT!
{
{
{
[
[
{

ODODOO@OGOGOOO

ubuauuuu&-—o#a

cALE PLOT
CALL PLOT
CALL PLOT
CALL PLODY
CALL PLOT
CALEL PLOT

3.

-
.0
-0
.0
-0
e
-
.0
0
-9
.0
-9
i
.8

HNHNUUHNHNUNNHH

F
:
.
.
.
)
.
N
.
N
4

URN-mOTORONO®

CALL PLOT(3
CALL PLOT(A
CALE PLOT(4.
CALL PLOTIS
CALL PLOTIS

PLOT YOLUME STRAIN ¥S

zr3rryzzreesseaosacss

" T

CALEL SCALE[YOLSTR,4.5,M,1}

YOLSTR{M+1}20.0

PiM+1):0.0

P(M+2):30.0

CALL PLOT(0.0,5.5,-3)

CALL AXIS[€.0,0.0,°YOEUME STRAIN (%)',-17,6.0,0.0,

AVOLSTRI{M+1}, ¥YOLSTR[M+21})

CALEL AXIS{C.0,0.0,°P {(KPAJ’',7.,4.¢,90.0,P{M+1}, P(#M+2)]}

CALEL LENE(YOLSTR,P,M,1,-1,5)

CALL SYMBOLEO.5,3.2,0.21,4KHT7¢6,0.0,4)

CALL PLOTI[O.

CALL PLOTI

caLt PLoT|

CALL PLOTIL

CALL PLOTI

CALL PLOTIL

€ALL PLOTI

CALL PLOTI

CALE PROT{

CALL PLOTI

CALL PEOT]

calLt PLOT{

{
{
{
{
{
{
{

CALL PLOT
CALL PLDT
CALL PLOTY
CALL PLOT
CALL PLOT
CALL PLOT
CALL PLOT
CailL PLOT{

o
.0
.0
.5
-
-
=}
-3
-}
o
.0
.0
.0
-0
-0
-0
-0
-0
-

0wowomomowooooooooo
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MUNHURNWUNUWRUNURERNREN NG
1 e e e e e e e ot e e e e e e o e e e

huhububuauuunn-——ona

o

-6

2)

PLOT LATERAL STRAIN ¥S LATERAL STRESS

catL PLOT{0.0,-4.5,-3
CALL SCALE[STRAN3,4.5
CALL SCALE[SIGMA3,3.0
STRAN3[(M+1}30.0
SIGMA3[M+1}:z0.0

CaLl AXIS(0.0,0.9, LATERAL STRAIK [%)°,-18,5.0,0.0,
&STRAKIIM+1) ,STRAN3(M+2}}

CALL AXIS([9.0,0.0, LATERAL STRESS5 (KPA}‘,20,3.0,90.¢0,
&S1GMAZIM+1),SICMA3(M22})

CALL
CALL

CALL PLOT(0.0,3.0,2)
catl PLOT(6.0,2.0,2)
CALL PLOT(6.0,0.0,2)
CALL PLOY([5.9,1.0,3)
CALL PLOT(§.0,1.0,2)
CALL PLOT(5.9,2.9,3)
CALL PLOT(6.0,2.0,2])
cakL PLOT(1.0,2.8,3)

LINE(STRAN3 ,SEGMA3 M, 1,-1,190)
SYMBOL[0.5,2.3,0.21,4HT706,0.0,4)
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ISH
ISH
ISH
15H
ISH
ISH
1SN
j3-1.]
1SH

1SN
15K
isSN
ISH
ISN
ISN

ISN

ISN
isN
ISN
ISN
ISHN

ISN
ISH

ISN
ISN
ISH
ISH
Isn
ISKH
ISH
ISk
ISK
ISKH
ISK
ISH
ISKH
ISH
i ISH

ISN
IsNH
ISN
1sH

1Sy

ISH
ISy
1SN
1SH
ISH

ISK

isH
ISH
IsSK
isN
ISH
isH
1SN
ISN
1SN
1SN
ISN
ISN
ISN
1SN

ISN
ISN

ISN

ISH
ISN
ISK
ISN
ISR
ISk
ISK
ISK

ISk

ISH
ISH
ISH
ISH
ISH
ISH
ISH
ISH
ISH
18N
1S8H
1SN
ISH
1SN
1sH

ISH
ISH
ISK

1SN
1SN
isN

ISN
ISH

ISN.

0278
0280
0281
0282
0283
o284
0285
o288
0287

oZ288
o283
©230
o281
0292
©293

0294

©295
0296
¢z297
0288
o288
gI00
o301
o302
o3e3
a3os
930S
o306
0307
0308
0302
0310
o3t
o312
o313
o314
0315
0316
o317
o318

a3as
o346

o347

03as
0349
0350
0351
0352
0353
0354
0355
0356
0357
0358
0358
0360
0361
0362
0363
0364
0365
0366
0367
o362
0369
370
6371
0372
0373
0374

0375
0376
©3177

0378
©378
0330

o381
2382

ocoonoo

annnonn

“aannnn

CALL PLOT(1.¢,2.0,2)
CALL PLOTi2.0,2.8,3])
CALL PLOT(2.0,3.0,2)
CALL PLOTE3.0,2.9,3)
CALL PLOTI3.0,3.0,2)
caLL PLOTEA.0,2.9,3)
CALL PLOT(4.0,3.0,2}
caLL PLOTI6.0,2.9,3)
CALL PLOTI5.0,3.0,2}

CALL SCALE{STRAN:,E.0,
CALL SCALE{SIGMAt:.,5 B
STRANI(M+1}:=0.0
SIGHATIM+1)z0.0

CAEL PLOT(Q.0,3.5

CALL axis(o.

E8STRAN1[M+1),

&51GMA1(M+2))

CALL AXIS(O.

CALL LINE(S
CALL SYMBGC

p
OWO

A

.+31
L0, TAXIAL STRAIN (%}P-,
Hi[{Me2)])

.0, "SIGMAT [KPA)‘,

GMAT1 M, 1,-1,52)

-16,6.0,0.0,

—

0.21,4HT706,0.0,4)

CALL PLOT!
CALL PLOT|
CALL PLOTI
CALL PLOT|
CALL PLOTI
CALL PLOT(
CALL PLOTI
CaLL PLOTI
CatL PLOTI
cailt PLOTI
caLL PLOTH
CALL PLOT/{
caLL PLOT{
caLL PLOT{
caLt PLOTH
caLL PLOTH
caLL PLOTI
caALL PLOT(
CALL PLOTH
catL PrLoTl
cALL PrOT(
CALL PLOTE

OO13O019OO1DOO(3WORHORHOIHOO(30; otno

mn(na(nalnam:nthﬂuuloa-aomlnmz

-omomouowowoooooooooooah

Qo v e w e wom o

L
[ 38
E.
6.
5.
6.
5.
6.
5.
6.
5.
6.
1.
1.
2
2.
3.
3.
q.
4,
5.
s.
12
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[*

PLOT LSSY ¥S W

CALL SCALE(LSSY,6.0,M

CALL SCALE(YOTENE,4.0

CALL PLOT[0.0,-4.5,-3

CALL AXIS[0.0,0.0,"LS
ZESSY(M+1) ,LSSVYIM+2]}

CALL AXIS[(©.0,0.0,°W [KJ/M2z3)°,12,4.0,80.0,
ETOTEHE(M+1}, TOTENE(M+2])

1]
M, 1]}

'
'
]
SY [KPA)’,-10,5.0,0.0,

CALE LINE(LSSY,FOTEHE,M.1,-1,t1)

CALL SYMBOL(0.5,3.3,0.21,4HT766,0.0,4])

CALL PLOT(C.0,4.0,3}

CALEL PLOT(6.0,4.0,2)

CALL PLDT{6.0,0.0,2)

CALL PLOT(5.%,1.¢,3)

CALL PLOT{6.0,1.0,2)

CALL PLOT(5.8,2.6,3)

CALL PLOTI6.0,2.0,2)

CALL PLOT(5.8,3.9,3)

CALL PLOTI6.0,3.0,2)

CALL PLOT(1.0,3.8,3)

CaLlL PLOT(1.0,4.9,2)

CaLL PLOT(Z2.0,3.8,3)

CALL PLOT(2.0,4.0,2)

CALL PLOT(3.0,3.9,3)

CALL PLOT(3.0,4.0,2)

CALL PLOT(4.0,3.8,3)

CALL PLOT(4.0,4.0,2)

CALL PLOT(5.0,3.9,3)

CALL PLDT(5.90,4.0,2)

PLOT AXKIAL STRAIN ¥5 P

ztzzssssezacssrsaszacs

CALL PLOT(0.0,4.5,-3)

CALL AX1510.0,0.0, 'AXIAL STRAIN {%}’,-16,6.0,0.0,

ASTRANTIM+1]},STRANT([M+2))
CALL AXIS5(0.0,0.0,'P [XPA}’,7,4.0,90.0,P(M+i]),
ar(M+2]))

CALL LINEISTRANI,P, M, t, -t,3}

CALL SYMBOL(©.5,3.3,0.21,4HT706,0.9,4)

CALL PLDT{0.0,4,0,3)

CALL PLDBT{6.€¢,4.0,2}

CALL PLOTI6.0,0,0,2}

caLL PLOTIS.9,§.0,3)

CALL PLOTIE.C,§,0Q,2])

CALL PLOTIS5.8,2.0,3)

CALL PLOT(E.0,2.0,2)

caALlL PLOTES.8,3.0,3)

cALL PLOTES.90,3.0,2)

caLl PLOTi{1.90,3.8,3)

CALL PLOTE1.0,4.0,2)

CALL PLOT(2.0,3.8,3)

CALL PLOT(2.0,4.0,2)

caLl PLOT(3.0,3.8,3)

CALL PLOT(3.0,4.0,2)

CALL PEOT(4.0,3.9,3)

CALL PLOT[4.0,4.0,2)

CALL PLOT[5.0,3.9,3)

CALL PLOT[5.0,54.0,2)

caLt PLOT[$2.0,0.9,989)

sTOP
120 FORMAT[T13,38H ENITIAL HEIGHT OF SAMPLE
121 FORMAT(T13,38H ENITIAL YOLUME OF SAMPLE

103

1co
1

101

FORMAT(T13,38H EFFECTIYE PRINCIPAL STRESS RATIO
FORMATITI13,

3A8H INITIAL MOISTURE CONTENT =
FORMAT(T13,38H SPECIFIC GRAVITY OF SOIL

102 FORMAT(T13,38H INITIAE VOID RATIO
104 FORMAT(T13,
1 38H FIMNAL MDISTURE COMTENT =
a//)
60 FORMAT (1H1,10(/},T13,23H UNIVERSITY OF MANITOBAI)
61 FORMAT (713,26H SOIL MECHANICS LABORATORY//}
165 FORMAT{T13,28H TX. COHSOLIDATION START,
13HEKD, I11t1¢ ]
64 FDRMhT(T13 29H TRIAXIAL CONSOLIDATION TEST }
65 FORMAT(T13,29H :::;:z:::¢ EER R N ]

»onn
n

110,5H

12,5.0,80.0,5IGMATI[M+1]),

+F5.2,3H CM)
,FE.2,3H cC)
«Fa.z)

1,8H PERCENT])
SFa.2)
LFE.3}

5.1,8H PERCENT
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*DPTIONS [N EFFECT*SOURCE ESBCODIC NOLIST RUDECK OBJECT MAP HOFORMAT

GCSTMT NOXAREF NOALC NOANSF NOTERM 1BM FLAG(I)

*STATISTICSs SOURCE STATEMEHTS =

*STATISTICS* N0 DIAGNUSTICS GENERATED

¥x3x*t END OF COMPILATION s2x%x%3%

402,

PROGRAM SIZE

= 44450, SUPPROGRAM HAME = HAIN

S2K BYTES OF CORE NOT USED

1Sk oa3sz 68 FORMAT(///.T13,48H PT EFFECT EFFECT STRAINT VOLUME STRAIK3Z
2,45H EFFECT voIo v SHEAR }
1SK 0384 7¢ FORMAT(T!3,4a8H S1GMA1 SIGMA3 STRAIN . 170
8a45H I3 RATIO STRAIN//}
ISk 0385 71 FORMAT(T7(/),713,44H SUMMARY OF ESSENTIAL RESULTS STORED IN FiLE}
1Sk 0386 72 FORMATIG!{/},7T13,450 PT SIGMA1 SIGMA3 STRAINE STRAIK3 R
S1HY//)
ISK 0387 630 FORMAT(T13,15H SAMPLE HWO. = T7,14,5X,11H HOLE HO. = ,I&,5X,
t BSH DEPTH = ,F6.2,1tH METRES TD ,F6.2,8H METRES }
1Sk 0388 63t FORMATET13,15H SAMPLE HO. = 7,14,5X,‘({REMOULDED SAMPLE} "}
; 1SN o38% 980 FORMATETI3,14,2X, F6.2,3%,F6.2,3X,F6.2,3X,F6.3,3%,F6.3,3X,F6.2,3X,
&F6.2,3X,F6.3,3%,F6.3,3X,F6.3)
1SR 0380 982 FORMATET!3,14,2X,F6.2,3%,F6.2,3X,76.3,3X,F6.3,3%,F6.3)
1Sk 0391 981 FORMAT(1H1)
ISk 0382 63 FORMAT(T13,20H ENERGY CALCULATIONS/)
1SH 0383 66 FORMATIT13,31H =*x2sx ENGINEERING STRAIN sz3s//}
1Sk 0384 73 FORMAT(T13,31H z2aza2 HATURAL STRAIN cx3z//}
1Sk 0385 80 FORMAT(T13,15H SAMPLE HO. = Y,14,5X,11H HOLE NO. : ,I&,5X,
i O9H DEPTH = ,F6.2,1tH MEYRES YO ,F&.2,8H METRES //)
1SH 0306 81 FODRMATI(T13,47H PT EFFECT EFFECT DEVY EFFECT AXIAL,
150H RADIAL voi LSSV LSHY DELTA TOTAL)
1SH 0397 82 FORMAT(Y13,48H SICMAl SEGMA3 STRESS ©OET STRAIN,
1S1H  STRAIN STYRAIN ENERGY EHERGY )
1SK 0388 43 FORMAT(TIZ,45H XPA KPA STRESS
1544 % KPA % KH-M/¥OL KR-M/vOL])
1SH 0383 84 FORMATIT3,36H KPA/)
ISk o400 $0 FORMAT(T!3,14,2%,F6.1,3%,F6.1,2X,F6.1,3X,F6.1,4%X,F6.3,2X,F6.3,
13X ,F6.3,2X,F6.4,2%,F4.1,11%,F7.3}
1SN 0401 St FORMAT(T!3,81X,F7.3}
1SN 0402 85 FORMAT(T!3,22H TEST RESULTS STARYT, 110,5H
13HEND, [tO Iyrs!
1SN o403 END
/ MAIN [ SIZE OF PROGRAM OOADAC HEXADECIMAL BYTYES
HAME TAG TYPE ADD. RAME TAG TYPE ADD. NAME TaG TYPE ADD. HAME TAG TYPE ADD.
1 SFA 124 oc1474 J SF 123 001478 K SF 123 oo147C L SF Isa 001480
M SFA 124 cot1484 K SF 124 oc1488 P SFA R24 0014ER ¢ SFA R4 001650
G5 SF Rx4 o0148C 11 SF 14 001480 JJ SF 124 001484 KX SF Isa 001498
HS S 1=4 oo148cC ¥R SF Rz4 6C17B8 FMC SF R=4 001540 IMC SF Rz& 0o1aAs
IVR SF R24 001448 JPT SF 154 001924 AX1S SF XF 000000 1BUF SFA rea ooiABE
LIRE SF XF 000000 LSSY SFA Rz4 00550LC PLOT SF XF 000000 SORY F XF R=d 000060
INTHT SF R34 0014AC IRVOL SF R*8 O0SAT4 JSAMP SF 134 001480 LGAXS SF XF 000000
LGLIN SF XF 000000 LSHVE SF R*& ©OSBDC LSHYN SF R4 oosDaa HHOLE SF Iea c014B4
PLOTS SF XF 200000 RATIO SF R*4 001488 SCALE SF XF 000000 SCALG SF XF 000000
SPYOL SFA Raa COSEAC ASTMAS SF R*4 006014 ASIMA3 SF R=4 90517C ASTRH1 SFA R*& O0B2ES
BDPTHM SF Rsa col4aBC BELENE SF R4 COGAAC DELENN SF R¥4 0055B4 DELYAH SF R*a 00B71iC
DELFAY SF R348 005884 DESTNT SF R4 COBSEC DESTHN3 SF R*4 OOEBS54 DEVSTM SF Red 0OBLBEC
ESIMA1 SFA Rs 4 COEE24 ESIMA3 SFA R*§ QOGFBC IBCOM¥ F  XF 154 000000 INESN1 SF R*a co070F4
ENESH3 SF R4 0072SC INTVOL SF R34 ocolice ISTRN1 SFA R*4 ocotaca ISTRH3 SFa R*4 oc14cs
JOATEE SF 124 oa14ceE JDATES SF 124 oc14p0 LDFIC¥ F XF 154 000000 NSTRHN1 SFA Rea ooT3C4s
NSTRH3 SFA Rx 4 ©9752¢C NYOLSKH SF R*4 0076943 OCTSTM SF R*4 Q077FC 0SIMA1 SFA R=4 0Cc14D4
0SIMA3 SFA R24 ©S1408 OSTRN1 SFA R24 014D OSYRN3 SFA R*4 GOISEC RSTRN3 SFA Rx4 007364
SHESTR SFA Rxa ©o7ACC SIGMA1 SFa R24 co7c34 S1GMA3 SFA Rx4 so708C STRAN1 SFA R24 0C7FO4
STRAH3 SFA Rx4 ©OB0EC SYMBOL SF XF 0oo000 FOPTHM SF Rx4 GOI4ES TOTENE SFA Re4 oc&1D4
TOTENN SF Rx4 cos3ac YOLSTN SF Rx4 00B84A8 YOLSTR SFA R*4 ocoseoC
SOURCE STATEMENT LABELS
LABEL ISH ADDR LABEL ISN ADDR LABEL ISH ADDR LABEL 1SM ADOR
42 t4 00B9EE 43 15 oocages 2 26 OOBABO 3 33 o08CDO
a 45 o0BDCSH s 54 OOBEAE & 107 O0OC92£4 T 112 00937A
48 122 ©00BR1A 49 123 009438 1¢ 137 o©09618 12 146 ©O97DE
13 151 OQOCSB8A4 11 162 OOSASBC 20 171 ©0O9CSE 30 177 o©o0gbao
40 183 O0O0BE7S 46 182 O0O09F26 a7 1982 o0O09Fas 41 203 eoASCe
COMPILER GERERATED LABELS
LABEL ISNM ADDR LABEEL ISH ADDR LABEL ISH ADDR LABEL 1ISH ADDR
too000 1 o00B8BCH 100001 t2 ooss2C 100002 28 OOCBABE 200001 37 ©08CBE
100003 51 ©008DD2 200002 65 ©OOBFF2 200003 81 005156 200004 96 ©08232
00004 105 ©OB2F2 t00005 120 OQOS3EC 100006 $2% ©0CH4B4 100007 138 ©O9E2E
f00008 143 QOBSEBS FO0C0S 187 0O097Fa 10001C 148 OGH7FC 160011 152 ©Q9BBA
100012 159 OOBEFE 100013 153 0QO9AB2 106014 1§65 OGUASE 100016 172 ©OQBCAC
i00016 175 ©0OBCCHE 00017 178 OOQBDEE 100018 178 OOBDSE 100019 182 OOBEAE
100020 184 OOBESE FoQC21 190 OOQSEEC 100022 18% OOBFCO 100023 202 OOACAZ
100024 204 OOAQE2 200005 217 O00A23C 200006 233 OOCAJIO 200087 245 COAA44E
200008 261 OOASZSE 200005 272 OOAG64 200010 288 OOATAa4 200011 285 OOCABGC
200012 315 OOASAC 200013 326 OOAASB 200014 342 OOABGS 200015 353 ©OACBC
200015 369 OOADSC
FORMAT STATEMENT LABELS
LABEL iISM ADDR LABEL ISN ADDR LABEL ISH ADDR LABEL 1SN ADDR
120 371 000028 121 372 0©000O5C 103 373 000030 100 374 COOCCBF
101 375 O©0O0COFS8 162 376 000127 104 377 000156 B0 378 080191
61 373 00C1BS 165 2380 ©001D7 84 381 000208 55 382 o00022¢
69 383 000252 70 384 OOOC2BA 71 385 000321 72 386 000357
630 387 000384 631 388 OOO3EE 980 389 000433 982 35¢ 0004348
881 391 O©OO0C&6A 63 3852 O©O0O0AGF §6 383 00048A 73 324 ©0004B1
80 395 0005D8 81 396 00052C 82 307 000595 83 398 O©000BOO
84 3989 OOOGEB 90 409 ©QOO0ESE 91 401 OO0CECE 85 402 O0O0OBDY
*OPT1ONS EH EFFECTHAME[MAIN} NOOPTIMIZE LINECOUNT(S4) S1ZE(0255K) AUTODBLI(NOHNE}




LEVEL 2.3.0 [JUKNE 78] 05/360 FORTRAN H EXTENDED DATE 84.0892/13.06.38 PAGE 1
‘REQUESTED OPTIONS: +EB,,,,0BJ, ,MAP, ,GOSTMT, , ,51ZE(256K),5, NAME[MAIN) ,0PT{0),LC{E54),AD(NONE) ,FLAG(I), ]'71

OFTIONS IN EFFECT: NAME{MAIN) NDOPTIMIZE LINECOUHT(S4) SIZE(O0256K) AUTOBEBL(NONE)
SOURCE EBUDIC NOLIST HNODECK DBJECT MAP NOFORMAT GOSTMT RHOXREF NOALC HOANSF NOTERM 1IBM FLAG(1)

EESEILTELITTERERLAALTIZLERLRLES

= x
* USHEARP *
* =

EEXETXREATTTILEXTSXTIIELERRELSE

THIS PROGRAM IS A MODIFICATION OF THE PROGRAM ‘TRIAXIALC
WHICH S ABLE 70 REDUCE DATA FROM UNDRAINED SHEAR TEST.
USHEARP* HAS TWO ADDITIDNAL FEATURES :
(1) HAKDLE BOTH MATURAL AND REMOULDED SAMPLES
{2) PRODUCE 3 PLOTS :
f(al NOM. HALF DEY,STRESS VS. AX1AL STRAIN
(B) EFF. STRESS RATID ¥S. AXIAL STRATIH
(el PWP CHAHGE V5. AXIAL STRAINR

TERMS AND DREFINITIOHKS
EE3TTTTETTELIEETTLRES

HOTE: (1} IN THIS YERSION OF THE PROGRAM

[1) SAMPLE DIMENSICNS ARE READ IH CENTIMETRES
[2) SAMPLE DEPTHS ARE READ IN METRES

[3) PRESSURES ARE READ IN KPA

[8) COKSTAHT {DEAD) LGAD IS READ IKH NEWTONS
[5) PROVING RING FACTGR IS READ IN H/DI1V

[6) DEAL GAUGE READING IS READ IN UNITS OF ©.0f MM

NOTE: (2]}
CONMTROL CARDS ARE AS FOLLOWS:

EXTEETSXERLEEIXTEXLTA LTS

s *
o PROGRAM 2
E x

ZEITEEXBETTIEXTEXREXERES i

TETTTTFLEEITEEIETIREILES

2 *
z DaTa *
] E

aMNNonoRnNOoNRANNoONnaananNOoRNNOooONNONDNNNNDANNNNNNNNNNDNNNDNORNNONO0N

TEIEITTEESLETLEEALEILLS

EXXXTETXEIFIERRSBR SR AR

E] s
CONMTROL CARDS = -1 ¢ & o o o = IKDICATES END OF DATA PAC
= *
Becrercmmer e Y
x *
* © * PRINTS CALCULAYTED RESULTS
& Ed z
b Besassraccncacnanean P
* *
* < * SEARCHES FOR HEW DATA
* £
Resermararsessaanresnnsg
* -1 o < (] ¥ STOPS PROGRAM |
* Ed )
FEFEAXETILRALEFETETTTEIET H

A : POREWATER PRESSURE PARAMETER

Af t SCALE FACTOR FOR DIAL GAUGES HOT READ IN UNITS OF 0.C1M

APISTM = PISTOMN AREA

AREAM ¢ CURRENT SAMPLE AREA AT ANY STAGE DOF THE TEST

B = COUHTEING INDEX [ COHNTYROL CARD )

BODPTHM = OEPTH OF SAMPLE {BOTTOM]}

CELLPR = CELL PRESSURE

CLOADM = COMSTANT LOAD [(DEAD LOAD)

COMAXM = CONSOLIDATIDN AXIAL STRESS

OE¥SNM ¢ NORMALIIED DEYIATOR STRESS ;

DEYSHO 3 INFTIAL DEVIATOR STRESS [ NORMALIZED ) H
¥ DLTAUM = CHAHGE IN POREWATER PRESSURE :
£ DLTUHNM = HORMALIZED CHANGE IH POREWATER PRESSHURE i-
] DYSTRM = DEVYIATOR STRESS j
: ECELPM =t EFFECTIVE CELL PRESSURE ( EFF. SIGMA 3 )

EFS5TRM = EFFECTIVE AXIAL STRESS (EFF. SIGMA 1 )
EFSRTO = EFFECTIVE STRESS RATIOD :

F = ( 1-APISTM/AREAM }

HDVSTN ¢ HORMALIZED HALF DEVIATOR STRESS

HDVSTR * HALF DEVIATOR STRESS

1 : COUNTING INDEX

JDATEE = ENDING DATE DF SHEAR TEST :
JDATES = STARTING DATE OF SHEAR TEST i
JPT : POINT WHERE READING IS TAKEN

JPTX t  POINT WHERE READING 1S TAKEM

JSAMP t  SAMPLE NO.

JTIME = TIME

M t COUNTING INDEK [ TOTAL NO. OF POUOINTS [N TEST SERIES )

HHOLE = HOLE NO. ¢

oD NONaoOnNNOoOnNDONDONaannoOanNonNaonNaonaoanNNNoOnNoonNoRNNoONNnNoanaNNONDnNaonNNNNNn

OCTSHM = HORMALIZED EFFECTIVE HNORMAL OGCTAHEDRAL STRESS
OCTSTM = EFFECTIYE NORMAL OCTAHEDRAL STRESS

PCOKPM = PRE-CONSOLIDATION STYRESS
PCSTR t  PERCENT (%) STRAIN
PCSTRN t PERCEKRT (%) STRAIN



c PFETRM = PROVING RING FACTOR i
c PRING = PROVING RING READING i
c PWP = POREWATER PRESSURE DURING SHEAR 172 :
c PWPOM = INITIAL POREWATER PRESSURE
C PWPRM  : POREWATER PRESSURE DURING SHEAR
c
c RATEG = EFFECTIVE PRINCIPAL STRESS RATIO
c RDIAL = DIAL READING
c RDILOM = INITIAL DIAL READING
c
c SAREAM SAMPLE AREA AFTER CONSOLIDATION
C SHGHTM SAMPLE HEIGHT AFTER CONSOLIDATION
c STRAIN = AXIAL STRAIN
c STRESM = TOTAL AXIAL SYRESS { SIGMA )
c SYOLM = SAMPLE YOLUME AFTER COMSOLIDATION
c
c TOPETHM t DEPTH OF SAMPLE (TOP) T
[+ i
c X = AX1AaL STRESS INCREASE DUE TO0 CHANGE IN CELL PRESSURE i
c XLOAD  :  AXIAL LOAD :
€ XNRMSM = MNORMALIZIKG STRESS :
c
c ¥ £ AXIAL STRESS DUE TO PROYING RING AND DEAD LOADS
c
€

: c

: €

; c START READING IN ESSENTIAL INFORMATION

-3 ol zrssrzzyrrzazIgRITITIRISCIELYIESEESEERSIESE S

! =

ISN D002 DIMEHSICN JPTXI(9C),STRAIN[S20),PCSTRRISC) . DEVSNMISO},A(90),
10CTSHM(90]) ,DLTUNMISC) , HOYSTN([80) ,EFSRTCGISC], IBUF(4000),
2DYSTRM{80)},0CTSTMI20])

i ISH 0003 1 READ* ,JSAMP,NHOLE,TOPTHM,BOPTHM
: 1SN 0004 IF (JSAMP}2,3,3
1SN 0005 2 CALL EXIT
ISN 0006 3 WRITE(G,60])
ISN 0007 LLL=JSAMP/ 100
ISN 0008 KRSz JSAMP-LLL* 100
ISH 0008 WRITE(6,61}
ISH o010 READ® ,SHGHTH,SVOLM,SAREAM,RDILOM
ISH oot1 READ: ,AA
ISH 0012 READ: ,LCLOADM,PFCTRM,APISTM
ISN 0013 READ® ,CONAXM,PCONPM, XNRHSM, PWPOM
ISN ©014 OCR:PCONPM/CORAXM
ISN 0015 IF (NHOLE.LE.¢) GO TO 21
ISN 0057 WRITE(S,B630)JSAMP, NHOLE, TOPTHM, BOPTHM, SHGHTM, SYOLM,
&SAREAM,CLOADM ,PFCTRM, APISTM, RDILOM
ISH o018 GO TO 9
ISH 0018 21 WRITE(5,631) JSAMP,SHGHTM,SYOLM,
1SAREAM,CLUADM,PFCTRM, APISTM,RDILOM
ISN 0020 9 1:=0
ISH 0021 READ* M
ISN 0022 IF{MIi, 1,10
1SN 0023 t0 READ* ,JDATES,JDATEE
ISN 0024 WRITE(G, 1651 JDATES, JDATEE
ISN 0025 WRITE(6,64} .
ISN 0026 WRITE(S6,65]
ISN 0027 WRITELG, 62} H
ISN 0028 WRITE(E, 70} i
ISH 0029 WRITE[E,710)
ISN 0030 WRITELS,720)
c
c
c INPUT DATA FROM SHEAR TEST
[ Tzrzrzzczzzrs2zzsEsxsssrrzes

c
3 c i
3 ISH 0031 4 READ®* ,JTIME,RDIAL,PRING,PWP,CELLPR ,JPT :
ISH 0032 IF (JTIME)E,5,5
ISN o033 5 PWPRM:=PWP
ISN o034 IF (PWPRM)}&,T,7
ISH 0035 T 1:=1+1
c
: c
: c STRESS - STRAIN CALCULATION
C EIZITIITEESITIZIIEIISIZEIZRTIIEIIXN
c
c KOTE:
c
< (1] IF { PWP ) IS5 HEGATIVE --- RELAXATION TEST
c
c (3) IF { PWP ) IS PCSITIVE --- COHNSOLIDATED UNDRAINED YRIAXIAL TES
c
c
ISN 0036 STRAIH(I)=(RDILOM-RDIAL}/([100C. *SHEHTHM)*AA
ISN 0037 PCSTR=STRAIN[I)2*100
ISN o032 PCSTRN([I1): PCSTR
ISN o038 JPTX{1)=JPT
ISH c0A0 AREAM=SAREAM/(1.-STRAIN[I1)}
1SH o041 F=1-APESTM/AREAM
1SH o042 X=F3CEELLPR
ISH 0043 XLOAD=PRINGE=PFCTRM+CLDADM
ISH 0044 ¥:=XLOAD/AREAME10
ISH 004% STRESM=X+Y
ISH 046 EFSTRM:=STRESM-PWPRM
ISH 00a7 ECELPM:CELLPR-PWPRM
ISH o0as DVSTRMII):=(STRESM-CELLPR]}
ISH 0Q4s HDYSTR:=DVSTRMII}/2
: ISN 0050 DCTSTMII): (EFSTRM+2*ECELPM} /3
: ISN 0051 RATID:EFSTRM/ECELPM
: c
: c
E c HORMALEZATION OF STRESSES
c Tz = EEIzzIzI: z=zz=
[
c
ISK Q052 DEYSNM(I)=DVSTRM[I]/XNRMSM
ISH 0053 HOYSTHII)=HDVSTR/XNKRMSM
ISN 0054 CCTSNMII):=0CTSTH(I}/XNRMSM
ISN 0055 DLTAUM:PWPRM-PWPOM
ISH QO5E DLTUNMII) :DLTAUM/ XNRMSH
ISH 0057 EFSRTO[I):=RATIOD
ISH 0058 IF [ 1.EQ.F )} GO TO 108 :
ISH 00ED GO TO 107
ISH 0081 $05 DEVYSHO:DEYSHML1)
ISH 0062 GO TO 108
ISH 0083 §07 A{E)=DLTUNMEL)/{DEYSHM{I}-DEVSHO)
c
4
c PRINT CALCULATED RESULTS
c Ez3z3EEIXsEETSIERECSES s b
[
e
ISH 0064 ¥08 WREITE(G,980)JPT,JTIME,RDIAL,PRING,PWPRM,PCSTR,
1EFSTRM,ECELPM, HDYSTR, DYSTRMI I}, 0CTSTM( I}, RATIO, A(1)
ISH 0O0ES co TO 4
ISK COEE 8 WRITE(G,81}JPT LJYIME,RD1AL,PRING
ISH 00E7T £o To
ISR 0088 6 READ® ,8
1SR 0069 IF (B} 13,13,

1Sk oo70 13 WRITE(G,88}
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ISH o071 IF (NHOLE.LE.O) 60 70 22
IS4 0073 WRITE(B, 163} JSAMP ,HHOLE, TDPTHM, BDPTHM, CONAXM, PCONPM,
LXHRMSM
ISH 0074 GO TO 25
1SN 0075 22 WRITE(G,80)
ISH ©075 WRITE(S,51)
1sd o077 WRITE(G, 164} JSAMP , COHAXM, PCONPM, KNRMSH
ISH o078 26 WRITE(G, 265 }JDATES, JDATEE
ISR 0078 WRITE(B, 860)
IS4 °080 PO 5O Iz§,M
ISH-005) WRITE(G,82)JPTH(I),PCSTRH(I) ,HDYSTH{I},EFSRTO(I), OCTSHM(TI},
IDETUNMET)
ISH o052 50 CONTIHUE
c
c
c
C EZFELITFLIETLETZIEZIZEIEEISXZEXIELESLERZZERS
[~ s PHASE 2 : PLOT YHE REDUCED DATA *
[+ EZEFETRESTLTELTLEEISITILISILIIZTIRALLIETZILRER
c
c
c M. HALF DEYV. STRESS ¥S. AXIAL STRAIM
c e R R R N R N N ]
[
[
ISH ¢08&3 CALL PLOTS(IBUF,4000)
ISH o84 CALL PLOT(0.0,-5.0, -3}
IS4 0085 CALL PLOT(C.0,6.5,-3)
ISH 0086 PCSTRHEM+1) =
ISH CO87 PCSTRM[M+2)
ISH ¢088 HOYSTH[(M+1}=0.0
ISH €089 HDVSTN[M+2)z0 i
IS8 0080 CALL FACTOR(0.5}
ISH 0091 CALL AXIS(0.0,0.0,16HAXIAL STRAIN (%},-16,12.0,0.0,
SPCSTRM(M+1) ,PCSTRH(M+2))
ISH 0092 CALL AXIS(¢.0,0.0,22HHOM. HALF DEY. STRESS ,22,7.0,90.0,
AHDVSTH(M+1} ,HDYSTN{M+2]))
IS4 ©093 CALL LINE{PCSTRN,HDYSTH,M,t,-1,1)
I5H ©09a CALL SYMBOLIS5.4,7.4,0.28,4H7704,0.0,4}
ISH 0096 CALL PLOT(§1.8,1.9,3)
ISH CO096 CALL PLDT(12.0,1.0,2)
IS8 0087 CALL PLOT(it1.58,2.0,2)
I5K 0088 CALL PLOT(12.0,2.0,2)
ISN 0039 CALL PLOTE11.8,3.0,1)
ISH 0100 CALL PLOTE12.0,3.0,2})
ISH 0101 CALL PLOT(1E.8,4.0,3)
ISH o102 CALL PLOT(12.0,4.0,2])
ISK 0103 catL PLOTiNL.8,5.0,3)
ISH o104 caLL PLOTE12.0,5.0,2]
ISK 6105 CALL PLOTE(1t.5,6.0,3})
ISN 0106 CALL PLOTI12.0,6.0,2}
ISH ©107 CALL PLOT{11.0,6.9,2]
ISH o108 CALL PLOTiNIt.0,T7.0,2]
ISH 0108 CALL PLOT({1¢.0,6.9,3)
ISH 0110 CALL PLOT(1C.0,7.0,2}
ISH 0111 CALL PLOTI9.0,6.9,3)
ISK 0112 CALL PLOT(8.0,7.0,2}
ISH 0113 CALL PLDTES.0,6.9,3})
ISH 114 CALL PL0OT(8.0,7.0,2}
ISH €116 CALL PLOT(7.0,6.8,3)
ISH 0116 CALL P10T(7.90,7.0.2}
ISH 0117 CALL PLOT(6.0,6.58,3}
ISH o118 CALL PLOT(6.0,7.0,2}
ISH 01149 CALL P10T(5.0,6.5,3}
154 ©120 CALL P10T(5.0,7.0,2}
ISH 0121 CALL PLOTES.0,6.5,3)
ISN 0122 CAaLL PLOT(4.0,7.0,2}
IS4 ¢123 CALL PLOT(3.0,6.9,3}
ISH 0128 CaLL PLOT(3.0,7.0,2]}
ISH ©125 CALL PLOT|2.0,6.9,3])
ISH 0126 CALL PLOT(2.0,7.0,2)
ISH €127 CALL PLOT(1.0,6.9,3)
ISH ¢128 CALL PLOTI1.90,7.0,2}
IS4 0129 CALL PLDTI0.0,7.0,3)
158 130 CALL PLOT{12.0,7.0,2}
ISH ¢13) CALL PLOTI12.0,0.0,2}
[
c
c EFF. STRESS RATID ¥5. AXIAL STRAIN
[ T L E LTI EELETIISESESSETETSEESESTEELESS
c
c
ISH ©1{32 caLL PLOTI(0.O,-5.0,-3)
ISH 0133 EFSRTOEHM+1)=1.0
ISH o138 EFSRTOIM+2)=1.0
ISH ©135 CALL AXISI(0.0,0.0,t6HAXIAL STRAIN (%),-16,12.0,0.0,
EZPCSTRN{M+1) ,PCSTRNIM+2]) )
ISH €136 CALL AX!S(0.0,0.0,22HEFFECTIVE STRESS RATIO0,22,4.0,90.0,
SEFSRTO(M+1) ,EFSRTO(M+2))
IS4 €137 CALL LINE{PCSTRH,EFSRYO,M,1,-1,1)
ISH ©138 CALL PLOT{0.0,4.0,3)
I5H ¢139 CALL PLOT{12.0,4.0,2)
ISH €140 CALL PLOT{12.0,0.0,2)
ISH ©141 CALL PLOT{14§.9,1.0,3}
ISH ©142 cati PLOT(12.0,1.0,2)
ISH €143 CALL PLOTI11.9,2.0,3)
ISH o144 CALL PLOTI12.0,2.0,2]
ISH ©145 CALL PLOTI(11.9,3.0,3)
ISH 0146 CALL PLOT(12.0,3.0,2)
ISH 0147 caLL PLOTI(11.0,3,5,3}
ISH 0148 catL PLOTI11.0,4.0,2)
ISH 0149 catL PLOTI(10.0,3.89,3)
ISH 0159 CALL PLOT{10.0,5.0,2)
ISH 0151 cALL PLOTI(9.0,3.9,3)
ISH €152 CALL PLOT(9.0,4.0,2)
IS4 0153 CALL PLOT(8.0,3.9,3)
ISH 0154 CALL PLOTIE.0,4.0,2)
ISK 0155 CALL P10T(7.0,3.9,3)
ISk 0156 CALL PLOTI{7.0,4.0,2)
ISH 0157 CALL PLOT(6.0,2.9,3)
ISK 0158 CALL PLOT(6.0,4.0,2)
ISN 0158 CALL PLOTIS5.0,3.9,3)
ISH 0180 CALL PLOT(5.0,4.0,2)
ISH 0151 CalL PLOT(4,0,3.9,3)
ISH 0152 CALL PLOTI&.0,4.0,2)
ISH 0153 CALL PLOTI3.0,3.9,3)
ISH 0164 CALL P1OT{3.0,4.0,2)
ISN 0155 CALL P10T(2.0,3.8,3)
ISN 9156 CALL PLOTI2.0,4.0,2)
ISN ©167 CALL PLOT(1.0,32.8,.13)
ISK 0188 CALL PLOT{1.0,4.0,2)
[
€
c
[ PWP CHANGE ¥S. AXIAL STRAIN
[ »4 z =zzz TrEsrzcss
[+
[+
4
ISN ¢1689 CALL PLOT(O.O,-5.0,-3)
ISN o170 EF [GCR.GE.t.95) GO TO 51
ISN 0172 DLTUKMEM*1)s0.0




ISH ©173 60 TO 52

ISK 174 51 DLTUNMEM#1}:=-0.4

ESH €175 CALL PLOT{0.0,2.0,3)

ISK ©176 CaLL PLOT{12.0,2.0,2) 174

ESH ©177 §2 DETUNHIM#+2):0.2

ISH ¢178 CALL AXIS(0.0,0.0,18HAXTAL SYRAIM (%),-1%,12.0,0.0,
BPCSTRH{M+1)  PCSTRN(M+2]}}

ESH ©179 CALL AX15(0.0,0.0,15HNOM. PWP CHAMNGE,15,4.9,%89%.0,
EOLTUNM(M+1) ,DLTUNMI{M+2]) |

ISN ©c180 CALL LINE(PCSTRN,DLTUNM,M,1,-1,1}

ISH C181 CALL PLOT(G.0,4.9,3)

ISN ©01282 CALL PLOT(12.0,4.6,2)

ISN ©183 caLL PLOT(12.9,0.0,2)

ISN ©184 cakLt PLOT(11.9,1.0,3)

ISN ©185 cALL PLOT(12.9,t.0,2)

ISN ¢186 catL PLOT(11.9,2.0,3)

ISN ©187 CALL PLDT(12.9,2.0,2])

ISN o188 catL PLOT(11.8,3.0,3)

ISN €189 catL PLOT(12.90,3.0,2)

ISN ci18¢@ catL PLDT(11.90,3.9,3)

ISN ©181 CALL PLOT(11.90,4.0,2)

ISN ©182 CALL PLOT{10.9,3.9,3)

ISN ¢183 CAELL PLDTi10.0,4.0,2])

ISN o194 CALL PLOTI9.0,3.9,3)

ISN ©195 caLL PLDTI9.0,4.90,2)

ISN c196 CALL PLOT(8.0,3.9,3)

ISN 0187 CALL PLOT(8.0,4.90,2])

ISN o198 CALL PLOTI(7.0,3.9,3)

ISN c189 CALL PLOT(7.0,4.0,2)

ISN ©c200 caALL PLOTI(6.9,3.9,3}

ISN o201 cALL PLOTI(S.0,4.0,2]

ISN ©202 CALL PLDTI(5.0,3.9,3)

ISN ©203 CALL PLOTIS.©,4.0,2])

ISN 6204 CALL PLDY(4.0,3.9,3)

ISN ©20%5 CALL PLDY(4.9.4.0,2]

ISH ©206 CALL PLOY(3.2,3.9,3)

ISN 0207 CALL PLOT(3.0,4.9,2]

ISN ©208 CALL PLOT(2.9,3.9,3]}

ISN o209 CALL PLOT(2.0.,4.0,2)

ISH 6210 CALL PLOT(1.2,3.9,3)

ISH ©211 CALL PLOT(1.0,4.0,2])

ISN 6212 CALL PLOT(24.9,0.0,-3)

c
c
t EFF. MEAN PRINCIPAL STRESS ¥S. DEVIATOR STRESS
4 ZE s>zt ErIEESETE IS PIETES2ISIESESSISTTISTISEED
c
c

ISH 92%3 OCTSTHM[M+1)z0.0

ISH ©2%4 OCTSTH{M+2):15.0

ISN ©215 DVYSTRM{M+1):z0.0

ISN 0216 DYSTRM[M+2):15.0

ISN o217 CAELL AXIS(0.9,0.0,37HEFFECTIVE MEAN PRINCIPAL STRESS (KXPA),
*-37,11.0,0.0,0CTSTMIM+1},0CTSTMIM+2})

ISN 0238 CALL AX35(0.0,0.0,21HDEVIATOR STRESS (KPA),21,8.0,90.0,
SOVSTRM{M+ 1) ,BVSTRMIM+2]}

ISN o218 CALL LINE{DCTSTM,DVSTRM,M,1,-1,1}

ISN 0220 CALL SYMBOL(®.5,8.2,0.28,4HT704,0.0,4)

1SH 0221 CALL PLOT{0.0,9.0,3]

ISH 6222 CALL PLOT(19.0,8.0,2)

1SN o223 CALL PLOT(11.9,¢.0,2])

ISH 0224 CALL PLOT(10.9,1.0,3)

1SN o225 CALL PLOT(11.9,1.0,2)

1SN 0226 CALL PLOT{10.9,2.0,3)

1SN 0227 CALL PLOT(13.90,2.0,2)

ISN o228 €ALL PLDOT{10.8,3.0,3)

ISH o228 CALL PLDTL11.0,3.0,2)

ISN 0230 CALL PLDTE10.9,4.0,3)

ISN 0231 CALL PLOTE11.0,8.0,2)

ISN 0232 CALL PLDTE10.9,5.0,3)

ISN 0233 EALL PLOTI11.0,5.0,2)

ISN 0235 CALL PLOTE10.9,6.0,3)

ISN o238 cALL PLOT(11.90,6.0,2)

ISN 0236 CALL PLOT(10.9,7.06,3)

1SH 0237 CALL PLOTI(11.0,7.0,2)

ISH ©238 CALL PLOT({10.9,8.0,3)

ISH o238 caLL PLOT(11.90,8.0,2)

ISN o240 CALL PLDOT(10.0,8.9,3)

ISH o241 CALL PLOT{10.0,8.0,2)

ISN o242 caLL PLOTI9.0,8.9,3)

ISN ©2a3 CALL PLOT(9.0,9.9,2)

ISH 0244 CALL PLOT(&.0,8.8,3)

ISH 0245 CALL PLOTI&.©,9.0,2)

ISH ©246 CALL PLOT(7.90,8.9,3)

ISN ©247 CALL PLOT(7.9.,9.9,2)

ISN ©¢248 CALL PLOTIS.0,8.9,3)

ISN ©2a9 CALL PLDT(6.9,9.9,2)

ISN ©250 caLtL PLOTI(5.0,2.8,3)

ISN ©251 CALL PLOTIB.0,9.0,2)

ISN ©252 CALL PLOT(4.0,2.9,.3)

ISN ©253 EALL PLOT(4.¢,9.9,2)

ISH 0254 CALL PLOT(3.0,2.9,3)

ISN 0255 CALL PLOTI(3.0,8.9,2)

ISK 0256 CALL PLOT(2.9,8.49,3)

I1SH o257 CALL PLOT(2.9,9.98,2)

ISH 0258 CALL PLOT{1.0,8.9,3)

ISH ©¢259 CALL PLOT(1.2,9.90,2)

ISH 0280 caLL PLOT(12.0,0.0,988)

[
€
€
c

ISN 0281 WRITE(6,99)

ISH 0262 Ge o &

1SH 0263 60 FORMAT [1H1,%0(/),.T10,23H UNIVERSITY OF MANITOBA)

ISH 0264 61 FORMAT {Y10,26H SDIL MECHANICS LASORATORY//)

ISH 0265 64 FORMAT{T10,37H CONSOLIDATED uunnnxuen TR!ANIAL TEST ]

ISH 0266 65 FORMAT{T10,37H 114

1SH 0267 183 FORMAT{T10, 158 SAHPLE uo. ,Iq,sx. HOLE HO. L I4,5%,
1 SH DEPTH ¢ ,FG.2,11H METRES TO ,F6.2,8H METRES //

1 T40,37H CONSOLIDATION AXIAL STRESS = ,F7.2,
tEH KPA

1 T1¢,37H PRECONSOLIDATION PRESSURE = LF7.2,
15H XPA

1 T10,37H HORMALIZING STRESS = ,F7.2,
150 XKPa /)

ISN 0268 164 FORMAT[T10,1SH SAMPLE NG. = 7,14,5X,’[REMOULDED SAMPLEL* //
1 T10,37H CONSOLIDATION AXIAL STRESS = L F7.2,
15H XPA
1 T10,37H PRECONSOLIDATION PRESSURE = ,F7.2,
16H XPA
1 T10,37H NORMALIZING STRESS = ,F7.2,
16H KPA

ISH 0269 165 FORMAT[TIi0,28H SHEAR TEST RESULTS START, 110,5K .
AIHEND, 110 Iyl

ISk 0270 2685 FORMAT(/ ,T10,39H NORMALIZED SHEAR TEST RESULTS START,
1116, 8H END,T10 /1)

1Sk o271 69 FORMAT(TI0,46H PT TIME DIsSPL PRING PORE PER
1628 EFFECT EFFECT HALF DEV EFFECT RATEID OF A)

1Sk 0272 70 FORMATIT!O,4BH DlAL DIAL PRESS CENT
167K SIGHA1L SIGMAJ DEY STRESS ecT EFF S1GMA1}

ISk o273 980 FORMAT(Tt0,14,2X,14,3%,F7.1,4%,F5.1,2X,F6.1,2X,F5.2,4X,




H
-1
1

1FS. 1,4, FS5,1,8X,F5.1,4X,F5.1,4X,F5,1,5X,F6.3,48X,#7.2)
ISN 0274 81 FORMAT(T10,14,2X,14,3X,F7.1,4%,F5,1,3X, 15HRELAXATION TEST]
ISN 0275 82 FORMAT(T10,14,3X,F5,2,5X,F6.3,4%,F6.3,3X,F6.3,4%,F6.3} 175
ISN 0276 631 FORMAT(Ti0, f6H SAMPLE NO. = T,14,5X,’(REMOVULDED SAMPLE)* //
1T10,3TH SAMPLE HEI1GHT AFTER CONSOLIDATION = ,F7.3,
1i2H CENTIMETRES /
T10,37TH SAMPLE VOLUME AFTER CONSOLIDATION & ,F7.3,
1ian CUBIC CENTIMETRES
1 T1¢,38H SAMPLE AREA AFTER CONSOLIDATION = ,F6.3,
1 t9H SQUARE CENTIMETRES //
1Tt0,37H COKSTANT LOAD t ,FT.2,5H N ./
1 T1C,37H PROYING RING FACTOR = ,F7.4,
1 8H N ./DIV /
1 T10,37H PISTON AREA : ,F7.4,
119K SQUARE LENTIMETRES //
1 T10,37H IRITIAL DIAL READING = ,F7.2,
110H DIVISIONS //)
ISN 0277 630 FORMAT{T10,15H SAMPLE NO. = ¥,14,5X,11H HOLE NO. = ,b14,5X,
1 9K DEPTH = ,FE.2,11H METRES TO ,F6.2,8H METRES [/
"17T10,37H SAMPLE WEIGHT AFTER CONSOLIDATION * ,F7T.
1izu CENTIMETRES /
Ti0,37TH SAMPLE YOLUME AFTER CONSOLIDATION ¢ ,F7.3,
1|au CUBIC CENTIMETRES /
1 T10,38H SAMPLE AREA AFTER CONSOLIDATION s L,F&.3,
1 19K SQUARE CENTIMETRES //
1T10,37H CONSTART LOAD = ,F7.2.5H K ./
1 T10,37H PROVIHG RING FACTOR t ,E7.5,
t 8H N ./DIV
t T10,37H PISTOR AREA s ,FT.5,
119H SQUARE CENTIMETRES //
t T16,37H INITEAL DIAL READING = ,F7.2,
1100 DIVISIOKS /f/)
1SH o278 71¢ FORMAT (T10,46H RDG RDG KPA PCSTRK
L,57H KPA KPA STRESS KPA STRESS EFF SIFMA3)
iSH o278 726 FORMAT (T10,45H .
1494 - KPA KPA /)
ESH 0280 866 FORMATI(TIO,
1 E3H PT PER NRMLZD EFFECT HRMLZD NRMLID /
1 T10,53H CENT HALF RATIO ocT CHANGE  /
1 T10,53H PCSTRK DEV SIGMA1 STRESS IN PWP [
1 T10,53H STRESS SIGHMA3 KPA KPA /
1 T10,52H KPA /)
ISH o028t 9 FORMATENHT,////)
ISk 0282 END
/ MAIN / SIZE OF PROGRAM 00784A HEXADECIMAL BYTES
HAME TAG TYPE ADD. HAME TAG TYPE ADD. HAME Tac TYPE ADD. HAME TAG TYPE ADD.
A SF Ra4 o014C0 B s T Y] 0ot510 F SF R*4 oo1414 1 SF 1=4 cotaie
M SFa 124 aol181c X SF R*4 Q01420 ¥ SF Rz4 cotaza AA SF R=s co1a28
NS S 1% o0142¢ JBT SF 1%3 0014320 LELL SF 124 oc1434 0CR S R=4 co1438
PWP SF Rxa o0143cC AXIS SF XF 000000 EXIT SF XF 000000 IBUF SFA =3 co1628
JPTX SF 1%4 00543AC LINE SF XF 000000 PLOT SF KF 000000 AREAM SF R*4 001440
JSAMP SF 1+4 001444 JTIME SF 1x4 LYY Y NHOLE SF Ie4 ooctasc PCSTR SF R&4 001450
PLOTS SF XF 000000 PRI1HG SF Rz 4 00454 PWPOM SF RE4 0Cc1458 PWPRM SF R*4 00145C ]
RATIO SF R=4 001460 RDIAL SF R=4 GOI464 SYOLM SF R4 001468 XLOAD SF R*4 ©0186C |
APISTM SF Rz 4 001470 BDPTHH SF R:4 001474 CELLPR SF R*4 001478 CLOADM SF Rx4Q 00147C
CONAXM SF /s 001480 DEVSHM SF R»4 005614 DEVSNO SF R*4 001484 DLTAUM SF Rx4 co1488
DLTUNM SFA Rx4 00577C DYSTRM SFA R*4 OOGBES4 ECELPM SF R*4 ocia8C EFSRTG SFA Rea L1-1Y.¥ 1]
EFSTRM SF R=4 001480 FACTOR SF XF 000000 HDVSTH SFA R*4 005BB4 HDVSTR SF Re4& 0014394
IBCOM¥ F XF I*4 ©o0000 JDATEE SF i*4 001498 JDATES SF £ ociasc LDFIO¥ F XF 124 ooooo0
DCTSHM SF R*4 ©o5D1C OCTSTH SFA Rx4 OOSES4 PCOHPM SF R*4 0014A0 PCSTRR SFA R*& COSFEC
PFCTRM SF R*4 oot4as ROILOM SF R*4 0013A8 SAREAM SF R*4 0014AC SHGHTM SF Re4 ©01480
STRAIN SF R=3 006154 STRESM SF R24 001484 SYMBOL SF XF Q00000 TOPTHM SF Rx4 001488
XHRMSM SF R*4 ©014BC
SOURCE STATEMENT LABELS
LABEL ISN ADDR LABEL ISH ADDR LABEL ISH ADDR LABEL SN ADDR
3 ooe3ac 2 B ©063cC 3 E ©0063D8 21 18 0O0BS5A
8 20 0O0SEBC 10 23 OOGSEQ a 2t OOGEAC 5 32 OOBEFO
7 as  00B700 106 61 OOBBFA io7 63 00680C 108 64 0O0BS50
[ 66 OOBBEE 3 E8 OOGAZA 13 70 0O0&AB4 22 75 OQOBACSE
26 78 ©0OEBBZ4 50 82 ©0OGBDC §1 174 ©0OT22E 52 177 007260
COMPILER GENERATED LABELS
LABEE ISM ADDR LABEL 1SN ADDR LABEL ISN ADDR LABEL ISH ADDR
IL-T-1.I.T-} 1 00s38C 100001 17 OOBAES 100002 60 OCOGSF4 100003 73 O0O0BATA
toooos 81 ©OGB&4 100005 83 O0OGBF2 200001 96 OOGDSE 200002 1§2 OOBEZE .
200003 128 OOBFOE 200004 14C OOCTOSE 200005 156 OOTIZE 100008 172 007214
200006 189 ©O738A 200007 205 OOT46A 200008 219 O©0O07SB6 200008 234 007682
200010 250 007772
FORMAT STATEMENT LABELS
LABEL ISH ADDR LABEL ISR ADDR LABEL 1SN ADDR LABEL ISH ADDR
60 2563 000028 61 264 ©O004C 64 265 OCOOGE §5 2656 ©0OO99
163 267 0000CT 164 268 ©OOQIB7 165 2653 000282 265 270 000286
63 271 O©OO0O2Fa 70 272 ©0QO03ES 880 273 0003ID7 81 274 ©O0041S
82 275 O©O0043F 631 276 OOO4BE 630 277 OCOE36 710 278 ©00833
720 279 OOO0BAZ 860 280 C©COS0S 98 281 0CO0AZC

#*ODPTIONS IN EFFECT*RAME(MAIN) MNOCGPTIMIZE LINECOUNTIS58) SIZE[O025BK]}

*DPTIDONS [N EFFECT*SOURCE EBCOIC HOLIST NODECK DBJECT MAFP NOFORMAT

*STATISTICS*

SOURCE STATEMENTS = 281, PROGRAM SIZE ¢ 307

*STATISTICS* NO DIAGHOSTILS GENERATED

sx*x¥x+ END OF COMPILATION sx2sx3

AUTODDBLINONE}
GOSTMT HOXREF HNOALC NOANSF HOTERM IBM FLAG(1)

94, SUBPROGRAM HNAME = MAlK

84X BYTES OF CORE NOT USED
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APPENDIX C

TABULATED LABORATORY TEST RESULTS
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UNIVERSITY OF MANITOBA
SOIL MECHANICS LABORATODRY

SAMPLE HO. © T 702 (REMOULDED SAMPLE)
INITIAL MDISTURE LOMTENT s 62.1 PERCENRTY
SPECIFIC GRAYITY OF SOIL £ 2.73
INITIAL VYOID RATID ® 1.423
INIT1AL HEIGHT OF SAMPLE s 12.90 CH
INITIAL VOLUME OF SAMPLE s EB85.20 CC
EFFECTIVE PRINCIPAL STRESS RATIO ¢ ©0.57
FINAL MDISTURE CODNTENT 3 41.2 PERCERT H
TX. COHSOLIDATION START 70983 END 200883
TRIAXKIAL CONSCLIDATIDN TEST
PT EFFECT EFFECT STRAIHN1 YOLUME STRAIN3 EFFECT < voIQ v SHEAR
SIGMA1 SIGMAZ STRAIN P RATIO STRAIN .
1 8C.24 28.5¢0 1.875 3.016 ¢.570 35.75 21.74 1.380 2.35¢0 o.a%70
2 57.387 32.90 2.4286 3.872 o.773 51.22 24.97 1.3286 2.328 1.102
3 66.70 37.90 3.202 5.195 ©.887 37.50 28.580 1.297 2.297 1.470
4 76 .80 43.70 4.083 6.494 1.200 554.73 33.10 1.285 2.285 1.828
5 88.63 50.386 5.062 7.826 1.382 82.12 as. 2% 1.233 2.233 2.452 ¥
8 10%.87 58.00 6.142 9.211 1.534 72.62 43.87 1.198 2.188 3.072
7 117.26 £6.80 7.2T1 10.628 1.679 82.62 50.45 1.185 2. 168 3.728
& 134.890 76.80 8.4568% 12.073 1.304 86.17 58.10 1.13¢ 2.130 5.841
9 16¢.21 at.20 10.015 13.838 1.911 114,20 6%.01 1.087 2.087 5.403
10 78.80 45 .60 8.188 12.432 1.622 57,03 34.30 1,121 z.121 5.044
11 T8.88 4% .60 B.I1ST 12. 338 1.594 57.03 34,20 1.124 2.124 5.0482

SUMMARY OF ESSENTIAL RESULTS STORED IN FILE

PT SIGMAL S1GMAT STRAIN STRAINZ v
1 $C.24 28.50 1.875 ¢.870 2,350
-4 57.87 32.90 2.426 ©.773 2.326
<} 6&.70 37.90 3.202 ©.987 2.297
4 76.80 43.70 4.082 1.200 2.285
5 88.63 5¢0.36 5.062 1.382 2.232
5 1¢1.87 58.00 €.132 1.534 2.19%
7 117,25 66,80 7.2 1.679 2.1868
& 134.30 76.80 8.465 1.804 2.130
] 160.21 81.20 1¢.015 1.811 2,087

10 78.80 55.60 8.188 1.622 2.121

11 78.89 45.60 8.157 1.584% 2,124




178

UHIVERSITY OF MAHITOBA
SOIL MECHANICS LABORATORY

ENERGY CALCULATIONS

EE R 2]

xtx

EHGINEERING STRAIN

SAMPLE HO. * T 702 (REMOULDED SAMPLE}
TEST RESULTS START 70983 END 200883
PT EFFECT EFFECT DEY EFFECT AXIAL RADIAL YOL LSSV LSHY DELTA TOTAL
SIGMAa1 S1GMA3 STRESS ©OCT STRAIN STRAIN STRAIN ERERGY ENERGY
KPA KPa KPA STRESS % % % KPA % KN-M/VOL KN-M/YOL
KPA
t 50.2 28.5 z1.7 5.7 1.876 C.E70 3.01% 0.0 0.0 0.0
0.323
2 57.8 32.8 25.0 41.2 2.426 ©.773 3.873 9.8 9.5 0.423
0.641
3 66 .7 37.8 z8.8 47.5 3,202 ©.997 6.196 21.2 1.5 1.0863
0.808
L] 76.8 £3.7 33.1 54.7 4.082 1.200 6.494 34.2 2.4 1.869
0.873
5 88.6 50.4 38.3 6. % 5.062 §.382 7.8286 43.3 3.4 2.842
. 1.183
B 10§.9 58.0 43.9 72.86 6.142 i,534 9.2t1 B6.43 4.5 4.035
i.498
7 117.2 66.8 SC.4 83.5 T.271 1.678 10.629 86.2 5.6 5.453
1,688
3 134.8 76.8 58.1 96.2 8.465 i.808% 12.073 198.8 6.8 7.138
2.468
9 160.2 81.2 69.0 114.2 10.01358 1.911 13.838 141.3 B.4 9.806
-1.380
1o 79.8 45.6 34.3 8%.0 9.188 1.6822 12,432 38.3 7.6 8.2186
~0.048
11 79.8 45.6 A4.3 57.0 9.1587 i.594 12.346 38.3 7.4 8.187
UMIVERSITY OF MANITOBA
SDIL MECHANRICS LABORATORY
ENERGY CALCULATIOHNS
Txx2 HATURAL STRAIR txrs
SAMPLE NO. = T 702 {REMOULDED SAMPLE])
TEST RESULTS START T0583 END 200983
PT EFFECT EFFECT DEY EFFECT AXIAL RADEAL yoL LSSY LSRHY DELTA TOTAL
S1GMA1 SIGMAZ STRESS OCT STRAIN STRAILN STRAIR EHERGY EHERGY
KPA XPA KPA STRESS * % % KPA % KH-M/¥DL KH-M/YDL
KPA
1 50.2 28.5 21.7 35.7 1.893 0.585 3.082 0.0 0.0 0.0
©.436
2 57.9 32.9 25.0 41.2 2.4586 o.799% 4.054 g.8 0.6 0.436
. ©.BE8
3 86.7 37.9 28.8 47.5 3.254 1.040 5.333 21.2 1.5 1.104
0.848
4 76,8 43.7 33.1 53.7 4.179 1.287 6.714 34.2 2.8 1.853
1.038
5 88.86 50.4 3a.3 B2.1 5.t95 1.477 8.149 4%.3 3.5 2.880
1.290
6 1¢1.8 58.0 43.8 72.6 6.2332 1.682 6.662 £6.8 4.7 4.280
1.553
7 117.2 66.8 50.4 842.6 7.549 1.244 1+.237 86.2 5.8 5.833
1.873
5 134.9 76.8 58.1 86.2 8.84aS 2.010 12.866 tos.8 7.2 T.706
z.7889
g 160.2 g1.2 68.0¢ 114.2 t10.553 2.170 14.884 1451.3 8.9 10.488
~1.580
10 79.9 45.6 35.3 57.0 8.837 1.2149 13.275 38.3 7.9 8.915
~0.056
11 79.9 45 .6 35.3 57.¢ 8.504 1.787%7 13.177 32.3 7.9 3.858




179

UNIYERSITY OF MANITOEBA
S0I1 MECHAMICS LABORATORY

SAMPLE NO. = T 702 (REMOULDED SAMPLE]}

SAMPLE HEIGHT AFTER CONSCLIDATION = 11.715 CENTIMETRES
SAMPLE YOLUME AFTER CONSOLIDATIOK = 512.95C CUBIC CEHYIMETRES
SAMPLE AREA AFTER CONSOLIDATION 3 43.772 SQUARE CENTIMETRES

COHSTANT LOAD
PRO¥IKG RING FACTOR
PISTOK AREA

t6.54 N .
1.2365 H ./01¥
5.0700 SQUARE CENTIMETRES

INITIAL DIAL READING = t500.00 DIVISIONS
SHEAR TEST RESULTS START 220982 END 2450883

CONS

PT TIME DIsSPL PRENG PORE PER EFFECT EFFECT HALF DEY EFFECT RATIOD OF A
ODIAL D1lat PRESS CERT SEGMA1 SICMAZ DEV STRESS ocT EFF SIGMAI
RDG RDG KPA PCSTRN KPa KPa STRESS KPa STRESS EFF SIFMA3
KPa KPa&
1 $51 1500.0 3a1.7 500.0 0.0 ao._8 46.6 17.1 24.2 53.0 T.732 0.0
2 1000 1488.5 385.1 989.0 0.01 8s5. 23 §6.7 18.0 38.1 68.4 1.671 -2.83
3 1015 1493.0 378.2 480.1 0.0E iel.o 5.6 23.7 L T1.4 1.862 ~0.7S
4 1030 1481.8 407.5 482.0 .16 108.3 53.7 27.8 55.6 T2.2 2.03% =0.37
5 1048 1478.7 430.85 483,38 0. 18 113.7 51.86 3t.0 62.1 72.3 2.2032 ~0.22
6 1100 1469.5 450.0 495 .1 0.26 117.8 50.2 33.8 67.5 T2.8 2.343 ~0. 185
T 1118 1459.9 466.0 496.7 0.34 120.7 48.7 36.0 T2.0 T72.7% 2.4878 ~0.0%
1 1130 1448.8 480.0 897.7 0.84 123.5 47.86 37.9 765.9 T2.8 2.594 ~0.0B
R ] 11485 1437.8 490.5 497.5 .53 126.85 a7.7 38.4 78.8 74.0 2.651 ~0.085
% 10 1159 1426. 58 498.5 497.2 .62 126.3 85.0 40 .6 21.3 721 2.808 -0.086
i 11 1216 1412.3 6§05.6 497.7 0.78 130.2 a7.4 41. 4 &2.8 75.0 2.743 ~0.08
: 12 1230 1a00.2 510.0 497.4 0.88 131.9 47.9 42.0 83.90 7.9 2.7583 =0.08
13 124% 1387.0 E14.0 487 .1 0.96 133.2 4.2 A42.5 6.0 76.5 2.763 -0.086
H 14 1200 1372.5 5i7.0 496.3 1.08 1351 43.4 42.8 26.7 78.0 2.734 ~0.07
H s 135 1360.2 519.5 487.0 1.19 135.0 48.7 43 .1 85.3 T77.5 2.772 ~0_0B
15 1330 134.2 E21.5 497.2 1.31 135.4 4.7 43.2 86.7 i I 2.780 -0.05
T 1345 1332.0 522.5 498.2 1.43 134.3 47.4 43.8 86.59 T7E.4 2.824 -0.03
: i8 1400 1319.0 §23.8 498 .1 1.54 134.6 47.4 43.85 871.2 76.5 2.840 ~0.04
: % 1418 1305.2 §24.7 492. 4 1.66 135.4 47.1 43.7 37.3 76.2 2.854 -0.03
: 20 1430 1292. 0 624.8 4938.8 1.77 134,04 a46.8 43.86 87.3 75.9 z2.864 -0.02
21 1445S I271.5 526.5 498.1 1.80 133.8 46.5 43.7 87.3 75.6 2,878 =0.02
22 1500 1263.7 525.8 489,90 2.02 133.8 48.5 43.7 7.3 5.6 2.878 ~0.02
23 1815 1248.5 626.9 4938 .6 2.15 132.9 45. 86 43.6 87.3 74.7 2.914 -0.01
24 1830 1235.0 625.8 493.7 2.2% 132.8 45 .4 43.86 87.2 74.5 2.920 -0.01
25 1545 1220.8 526.0 500.3 2.38 132.2 45 . % 43.8 7.1 T4 1 2.921 o.01
28 1600 1206.2 525.3 §00.5 2.51 131.86 44.8 43 .4 86.3 73.7 2.837 .01
27 1615 11941.2 525.8 499.58 2.64 132.86 45.8 43.4 86.8 74.7 2.885 ~0.0t
28 1645 1163.9 525.4 §00.8& 2.87 131.1 4.6 a3.2 86.5 73.4 2.8393 0.02
23 iT18 $135.0 524.5 §01.8& 211 128.8 43.8 43.0 86.0 72.5 2.964 o.o2
30 1T17 t132.8 623.5 RELAXATION TESTY
a 1721 §F13t.5 517.8 RELAXATION TEST
3z 1728 113¢.0 51t.0 RELAXATIOHN TEST
33 1736 t1z8.8 605.6 RELAXATION TEST
34 1746 t127.5 501.3 RELAXATION TEST
35 1800 1126.3 487.2 RELAXATIOH TEST
Z 36 1824 1125.2 a482.2 RELAXATIOH TEST
37 2000 t122.8 483,2 RELAXATION TEST
38 2100 t120.7 477.5 RELAXATION TEST
33 832 t114.7 455.86 RELAXATION TEST %
40 835 t114.86 455.2 452.7 3.28 121.1 54.4 33.4 BE.7 T8.6 2.227 ~0.22 i
H 41 845 111t.2 Aa8t.2 489.3 3.32 130.2 56.2 7.0 T4.0 80.8% 2.317 0. 27 !
42 800 1105.5 508.6 452.5 2.37 134.5 52.8 40.9 81.% 8o0.0 2.548 -0. 16
43 a18 1085.6 530.1 494 .5 3.44 138.90 50.7 43.8 87.3 79.8 2.721 -0.10
44 930 1085.2 542.1 485.6 .54 140. 0 45 .5 45 .2 890.6 79.7 2.827 -0.08
45 945 to72.0 547.0 496.7 3.64 140.5 48.9 45 .8 81.8 79.4 2.874 ~0.9086
45 1000 1058.3 548.0 496.9 3.76 180.7 48.6 46.0 92.1 78.2 2.888 ~0,05
a7 1¢15 t044.7 548.8 a4g87.0 3.88 140.2 48.3 345.0 91.9 78.8 2.903 ~0.05
a8 1430 1031.5 548.0 4587.2 4.00 13%. 7% 48.1 5.8 81.86 78.6 2.904 ~0.05
k3] 1v47 956. 8 541.3 458 .86 4.84 135, % 46.2 44.6 89.2 75.8 2.932 -0.03
50 1230 916.0 541.1 500. 1 4.93 134.3 45.5 a4 .4 8&.8 75.1 2.951 ©.00
51 1300 &87.0 540.0 50C.9 §.22 132.9 54.6 44.1 88.13 74.0 2.979 0.02
52 1330 858.9 538.4 50§.3 5.47 131.8 44,2 42.8 87.6 73.4 Z2.982 ©.02
53 1300 530.8 537.7 50§ .3 5.71 131.1 43.9 43. 8 87.2 73.0 z.987 0. 02
54 1500 773.0 5356.86 502.0 6.20 125.5 52.0 £3.2 BB.S 1.8 I.011 ©.08
5§ 18600 T715.32 535.8 502.7 B.69 128 .1 52.2 42.9 85.¢8 7C.8 3.035 0.05
58 1830 E39.0 537.8% 500.8 E.52 i31.1 581 £3.0 B8B.C 73.8 2.9307 ©.02
57 2a30 462.0 538.4 504 .4 8.3886 125.2 41.35 42.3 Ba.7 68.7 3.041 ©.08
58 93 405.8 $40.5 504.0 8.34 126.6 4z.1 2.3 84.5 7¢.3 3.o07 0.08
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UNIYERSITY OF MANITUOBA
SOIL MECHANICS LABORATORY

SAMPLE ND. = T 702 (REMOULDED SAMPLE}
COHNSOLIDATIONH AXIAL STRESS

PRECONSOLIDATION PRESSURE
HORMALI2ZING STRESS

78.8% KPA
180.21 KPA
180.21 KPA

o

HORMALIZED SHEAR TEST RESULTS START 220383 END 240983
PT PER HRHKLZD EFFECT HRML2ZD HRMLZD
CENT HAEF RATIO ocT CHANGE
PCSTRH DEY SIGMAL STRESS IN PWP
STRESS SIGHMAZ KPA KPA
KPA
1 0.0 ©. 107 1.732 ©.362 .0
2 .01 o.118 1.671 ©.432 ~0.068
3 0.06 ©.148 1.852 0.448 -0.082
L O.1§ 0.174 2.035 0.451 ~0.050
5 0.18 ©.194 2.203 o.451 -~0.038
1] 0.2% 0.2 2.343 o.455 ~0.031
7 ©.34 ©.228 2.478 Q.454 -0.021
8 0.44 ©.237 2.594 ¢.455 -0.014
9 ©.53 ©.246 2.851 ©.462 ~0.018
10 0.562 ©.254 2.806 ¢.450 ~0.017
11 0.75 0.25%9 2.748 0.468 ~0.014
12 0.85 ©.282 2.753 0.474 ~0.016
13 0.986 0.2E65 2.7632 o478 ~0.018
14 1.08 0.287 2.734 .47 ~0.023
15 L] ©.259 2.7172 o.483 ~0.018
186 1.31 °.271 2.780 o.484 "0.017
17 1.43 ©.271 2.834 0.477 =0.011
H 18 1.54 0,272 2.8480 o.a77 ~0.012
H 18 1.868 ©.273 2.854 o.4786 ~0.0t10
20 1.77 ©.272 2.864 o.474 -0.007
21 1.90 ©.273 2.878 o472 ~0.008
22 2.02 ©.273 2.878& o.472 ~0.008 i
23 2.5 0.272 2.914 G.4686 ~0.002 i
24 2.28 0.272 2.920 &.465 -0,.002
25 2.38 ©.272 2.931% o.463 ©.002
26 2.51 0.271 2.937 o.460 ©.003
27 2.62 0.271 2.88% O.468 ~0.003
23 2.87 ©.270 2.939 ¢.458 0.005
29 3.11 0.268 2.984 0.452 0.010
a0 3.28 ©.208 2.227 ©.478 ~0.04B
&1 3.32 ©.231 2.317 0.505 ~0.067
42 .37 ©.26585 2.688 ¢.500 -0.047
¥ 43 3.44 ©.272 2.7214 ©.488 -0.032
43 3.54 ©.282 2.827 ©.497 ~0.027
a5 3.64 ©.286 2.873% ©.486 ~0.02%
a6 3.76 ©.287 2.885 ©.485 =0.018

47 3.89 ©.287 2.903 ©.482 ~0.018
48 4.00 ©.286 2.9064 0.481% 0,017
45 4.64 ©.278 2.932 ¢.a74 -0.009
50 4.98 ©.277 2.951 ©.469 0.001
51 5.23 ©.275 2.979 ©.462 0.006
52 5.47 0.273 2.982 ¢.458 0.008
53 5.71 ©.272 2.987 ©.456 0.008
54 6.20 ©.270 3.0 ©.448 0.012
5B 6.E69 ©.268 3.035 ©.442 0.017
56 6.82 ©.268 2.807 ¢.460 ©.005
57 8.85 0,268 3.041 ©.435 ©.9027

58 .34 0.264 3.007 ©.439 ©.9025
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UHIVYERSIYY OF MANITOBA :
SO0IL MECHANICS LABORATORY

SAMPLE RO. = T 704 {REMOULDED SAMPLE)

INITEAL MOISTURE COHTENT ® 51.5%5 PERCENT
SPECIFIC GRAYITY OF SOIL r 2.73
TNITIAL VOID RATIO z 1.805
TJNITIAL HEIGHT OF SAMPLE z 12.87 CH
INITIAL YOLUME OF SAMPLE = 5&83.87 CC
EFFECTIYE PRINCIPAL STRESS RATID = 1.00

FIHAL MOISTURE COMTENT € 4C.7 PERCENT

TX. CONSOLIDATION START 280833 END TEOS3
TRIAXIAL CONSCOLIDATIOM TEST

H PT EFFECY EFFECT STRAINE YOLUME STRAIN3 EFFECY Q voIoD v SHEAR
H SI1GMA1 SIGMA3 STRAIN P RATIO STRAIM
1 50.22 28.40 1.813 2.791 ¢, 4389 35.87 21.82 1,238 2.338 ©.883
H 2 57.88 32.70 2.4848 3.776 ©.685 41.10 25.1%9 1.3148 2,314 1.189
3 85.48 38.88 3.20% 4,808 ©.852 46.73 28.62 i.287 2,287 1.566
a4 78.83 42 .35 4.167 6.130 °.887 53.74 34.18 1.287 2,287 2.113
5 88.08 48 .67 5.218 T.448 T.116 61.81 38.41 1.226 2.226 2.738
] t0t.38 &5.70 6.45¢0 &.883 1.187 70.983 45 .68 1,182 2.182 3.529
7 116.78 64,00 7.807 10.384 ,204 81.6% 62.78 i.165 2,185 4.343
8 t34 .46 73.860 9.100 11.828 t.382 83.8% 6O .88 i.120 2.120 S.189
| 180.04 47.50 10.862 13.587 t.3867 111.68 72.84 1.078 2.078 6.330
10 70 .80 43.80 10.02% 12.192 t.086 55.80 36.00 1.112 2.112 5.887
: 11 78.78 43.80 10.117 12.13s 1.034 55.7% 35.96 1.112 2.112 6.0585
{ 12 75.20 45.20 10.088 12.134 t.048 5E5.87 28.00 1.112 2.112 6.035
| 13 70.1¢ &8.10 10.082 12.184 i.081 £5.42 22.00 1.112 2.112 6.020
14 56.00 51.00 10.050 12,124 t1.087 E6.00 15.00 i.112 2.112 6.8238
15 £2.00 54.00 10.012 12.133 i.086 EB.67 8.00 1.112 z2.112 5.850
18 57.00 §7.00 9.809 12.183 f.142 ET7.00 ¢.0 1.112 Z2.112 £.8238
3 17 65 .80 665,830 9.852 12.184 t.186 EE.80 0.0 i.112 2.112 E.790
Fy 18 56.20 66.20 2.778 12.1383 t.202 B5.20 .0 i.112 2.112 E.718
18 55 .20 55.2¢ 2.650 12,184 §.2867 §6.20 Q.0 1.112 2.112 5.588
20 55.50 55.60 9.416 12,184 1.384 EE6.E60 Q.0 1.112 2.112 5.364
21 58.10 86.10 9.373 12.1838 1.40% 66. 10 Q.0 1.112 2.112 5.312
22 56.30 85 .30 9.688 12.134 t.247 65.30 Q.0 f.112 z2.112 5.628
23 55.7¢ SB.70 5.887 12.18% 1,248 65.70 Q.0 1.112 z.112 5.625
25 55.70 §$5.70 9.684 12.184 t.280 §5.%70 0.0 .12 2.112 B.622
E: 25 55 .80 §5.80 $.67¢t 12.183 1.2586 6%.80 9.0 i,112 2.112 5.610
SUMMARY OF ESSENTIAL RESULTS STORED M FI1LE * i
PT SIGMAL SIGMA3 STRAINI STRAIN3 ¥
1 5¢.22 28.480 1.913 0.428 2.338
2 °"S57.88 32.70 2.448 [ -1-1} 2.3214
3 65.48 36 . 8% 3.z201 ©.882 2.287
4 76.53 42.35 4.157 ©.887 2.287
5 &8.08 48.67 5.218 1.1186 2.22%
6 101.39 55.7%70 6.480 1.187 2.192
7 t16.78 64 .00 T.807 1.284 2.185
8 i34 .48 73.60 9.100 1.362 2.12¢
8 1860 .04 87.50 10.862 1.3867 2.078
10 79 .80 43 .80 10.0214 1.0886 2.112
T 78.78 43.80 10117 1.038 z.112
12 75.20 36,20 10.088 1.048 2.112
13 70.10 48.10 10.082 1.0581 2.112
14 66.00 51.00 10.050 1.067 2.112 H
15 £2.00 54.00 10.012 1.086 2.112
{ 16 57.00 £7.90 9.a89 1.142 2.112
H 17 56.80 55.80 9.852 1.1868 2.112
H 18 56.20 E5.20 9.779 1.202 2.112
19 55.20 55.20 9.860 1.287 2.112
i 20 55.50 65.860 8.815 1.384 2.112
H 21 56.10 BE. 1o 9.373 1.405 z2.112
22 55.3¢0 85,30 9.888 1.247 2.112
23 E5.70 §5.70 8.687 1.248 2.112
25 55.7¢ 85.70 9.684 1.2590 2.112 H
25 55.80 85.80 3.871H 1.2586 2.112
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UNIVERSITY OF MANITOBA
S0IL MECHANICS LABODRATORY

.EMERCY CALCULATIONS

zxx2 ENGINEERING STRAIN *sx%x

SAMPLE NO. = T 704 {REMOULDED SAMPLE) :
TEST RESULTS START 280983 END 71083
PT  EFFECT  EFFECT  DEV EFFECT  AXIAL  RADIAL VoL LSSY  LSHY DELTA TOTAL
: SIGMAT  SIGMA3  STRESS 0CT7 STRAIN STRAIN  STRAIN ENERGY  ENERGY ;
, KPa KPA KPA STRESS % % % KPA % KN-H/VOL KN-M/YOL H
: KPA i
i 1 80.2 28.4 21.8 35.7 1.813  ©.438 2.791 c.o ©.0 o.0 :
: ©.428
: 2 57.9 2.7 25.2 s1.1 2.338 o©.s84 3.778 8.8 o.6 0.a26 :
©.800 ;
3 €6.5 as.s 28,8 36.7 3.201  ©.8E2 4.906 20.2 .4 1.026 :
©.790 :
4 76.% 22.4 34.2 53.7 4.157  ©.887 8.130 2.9 2.4 1.818 :
o.880
s 381 48.7 38.4 51.8 5.218  t.118 7.448 47.8 3.4 2.808 :
1.270 ;
&5 1o1.a 85.7 as.7 70.89 5.480 1,187 8.853 8a.1 4.7 4.076 :
1.876
T 118.8 64.0 52.8 31.6 7.807  1.284  10.304 3.5 6.0 5.852
1.718
& 134.5 73.8 50.9 93.8 8.100 1.382  11.824 105.7 7.3 1.370
2.803
3 180.0 87.8 72.% 1.9 10.862 1,387  13.587 138.0 8.0 s.073
: -1.379
B e 78.8 a3.s 36.0 55.8 10.021  1.085  12.18%2 36.7 8.2 8.588
; 0.031
3 78.8 a3.s 35.0 85.3 10,117 1,034 12.184 36.7 8.2 8.526
-0.007
12 75.2 46.2 25.0 55.9 10.096  1.084 12,184 3.5 8.2 s.818
-0.004
13 T0.1 as.1 22.0 S5.4 10.082  1.051 12,184 34.2 8.2 8.618
~0.006
t4 g5.0 5t.0 15.0 56.0 10.050  1.087  12.184 35.6 8.2 &.809
~0.004
ts 82.0 5a.0 | 8.0 56.7 io.012  1.088  12.184 38.1 8.2 &.608
-0.008
15 57.0 57.0 0.0 57.0 9.899  1.142  12.184 at.0 8.0 &.800
0.0
17 55.8 55.8 0.0 55.8 8.862 1.186  12.184 8.1 8.0 s.800
-9.000
18 55.2 85.2 0.0 §5.2 8.779  1.202  12.184 38.2 7.8 &. 800
0.0
t9 55.2 55.2 0.0 55.2 9.6850 1.267  12.184 38.2 7.8 &.800
o.¢
20 55.8 55.5 0.0 55.6 8.815  1.384  12.184 3s.8 7.8 8.500
o.¢
21 56.1 56.1 0.0 5G.1 $.373  1.405  12.184 38.8 7.6 &.800
o.0
22 55.3 55.3 0.0 55.3 9.689  1.247  12.184 38.4 7.8 &.g00
: o.0
22 55.7 55.7 0.0 55.7 9.687  1.248  12.184 as.o 7.8 &.g00
o.0
24 55.7 55.7 0.0 55.7 9.684 1.250  12.184 as.o 7.8 &.800
©.000
25 55.8 55.8 c.0 55.5 8.67%  1.256  12.784 as.i 7.8 &.800




UNIVERSITY OF MANITOBA

SOIL MECHAMNICS LABORATORY

ENERGY CALCULATIONS

xres RATURAL STRAIN ey
SAMPLE NO. = T 704 [REMOULDED SAMPLE)
TEST RESULTS START 280983 END 71083
PT  EFFECT  EFFECT  DEY EFFECT  AXIAL  RADIAL VoL LSSY LSNY DELTA TOTAL
SEGMAF  SIGMA3S  STRESS OCT STRAIN STRAIN  STRAIN ENERGY  EMERGY
KPA KPA KPA STRESS % % % KPA % KN-M/VOL KN-M/VOL
KPA
] 50.2 28.4 21.8 as.7 $.931  ©0.450 2.831 0.0 o0.0 0.0
0._4139
2 57.9 32.7 25.2 a1.1 2.478  ©0.B85 3.849 8.8 0.8 ©.439
o_B23
3 56.5% 36.9 29.6 45.7 3.254 0_B8S 5.030 20.2 1.6 1.083
o.830 .
[} 76.5 4z.4 34.2 3.7 4.245 1.080 §.226 32.8 2.6 1.882
1.053
5 88.1 as.7 39.4 61.8 5.358 1.181 7.761 47.5 3.6 2.848
1.368
[ 101.4 85.7 45.7 70.9 5.700  1.Z8B 8.270 B4, 1 4.8 4.314
1.724
7 116.8 64.0 2.8 81.6 8.128 1.823 10.875 83.8 6.3 6.030
1.908
s 134.8 73.6 60.9 2.9 8.6541 1.521% 12.583 105.7 .8 7.948
z2.881
] 180.0 87.5 72.5 111.7 11.499 1.558 14,514 138.0 9.7 10.888
-1.588
10 79.8 43.8 36.0 55.8 10.E59 1.221 13,002 36.7 .7 g.321
0.034
11 79.8 43.8 36.0 55.8 10.6B5 1.163 i2.882 36.7 8.8 8.355
-0.007
12 75.2 45.2 28.0 56.9 10.643 1.178 12.892 35.5 8.8 9.347
-0.004
13 70. % 48,1 22.0 55.4 10.827 1.182 $2.882 34.2 . §.342
-0.007
P4 65.0 E1.0 15.0 56.0 10.5981 i.200 t2.882 i5.6 &, 8.337
-0.008
15 £2.0 54,0 8.0 56.7 10.548 1.222 12.882 431 8. 9.332
-0.006
18 57.0 B87.0 o.0 57.0 10.424 1,284 12.982 a1.0 8.8 8.327
-0.000
17 55.8 55.8 0.0 55.8 10,371 1.310 $2.88%2 38.1 5. 9.327
-0.000
18 55.2 55.2 ) §6.2 10.291 1.361 12.992 3s8.2 8.5 8.327
-0.000
18 55.2 85.2 0.0 55.2 10, 147 1.422 12.982 35.2 8. 8.327
. -0.000
20 §5.6 55.6 c.0 EE.5 9.a88 1.552 12.982 38.8 8.1 9.327
-0.000
21 56.1 56.1 ©.0 56.1 9.842 1.575 12.882 38.6 8.1 9.327
~0.000
22 55.3 §5.3 .0 55.3 o.181 1.400 12.882 38.4 8. 9.327
-0.000
FX] 5.7 55.7 o.0 E6.7 10,188 1.8402 12.982 33.0 8. 8.327
-0.000
24 55.7 §5.7 .0 56.7 0.185 1.403 12.98%2 3.0 8. 5.327
-o.000
25 E6.8 56.8 .0 55.8 10,171 1.810 12.982 38.1 5.4 9.327
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SAMPLE HD. = T 704 (REMODULDED SAMPLE]}

SAMPLE HEIGHT AFTER CONSOLIDATION = 1.5639 CENTIMETRES
SAMPLE YOLUME AFTER CONSOLIDATIOR z S511.870 CUBIC CENTIMETRES
SAMPLE AREA AFTER COHNSOLIDATION = 44.252 SQUARE CENTIMETRES

CONSTANT LOAD
PRDYIRG RING FACTOR
PISTON RAREA

16.44 N
1.2385 N .
5.0700 SQUARE CENTIMETRES

INITIAL DIAL READIMG

"

1588 .00 DIVISIORS

SHEAR TEST RESULTS START 131083 END 141083

CONSOLIDATED UNDRAINED TFTRIAXIAL TEST

PY TIME DISPL PRING PODRE PER EFFECT EFFECT HALF DEY EFFECT RATID OF A
BEAL DiaiL PRESS CERT SIGMAI SIGMAQ DEY STRESS ocT EFF SIGMA1
RODG ROG KPA PCSTRH KPA KPA STRESS KPA STRESS EFF SIFMA3
KPA XKPA
1 1088 1688. 0 237.5 18¢2.8 0.0 89.9 43.2 20.8 a41.7 62.1 1.864 c.0
2 1140 1563.2 273.0 204.2 .04 95.4 43 .8 25.8 51.8 E1.9 2.177 0.43
3 1115 1575.% 300.2 207.3 0.11 29.7 A40. 6 29.6 58.1 60.3 2.458 .82
4 1130 1567.8 318.8 20E.9 o.17 103 .86 3s.0 32.2 64.86 60.5 2.655 ¢.38
5 1145 1557.8 338.0 210.2 0.26 107.3 7.7 34.2 68 .5 60.8 2.8486 ©.37
& 1200 1542.1 351.4 210.7 0.40 110.4 . 37.2 36.6 13.2 61.6 2.968 0.3
7 1217 1532.5 361.5 210.8 0.48 113.0 37.0 3s.o 76.0 62.3 3.083 0,32
H & 1231 1622.0 ass .0 210.98 0.87 114.5 6.8 8.8 17.7 62.7 3.112 ©.31
L L 1245 1610.8 372.2 210.5 0.867 116.1 aT.3 39.4 78.8 63.8 3.113 ©.29
: 11} 1210 1486. 8 3771.8 210.2 0.87 117.89 27.8 40.0 80. 1 64.5 3.1%18 o.27
i tt 1331 1469 .2 380.0 209.9 1.03 118.7 8.1 40.3 80 .6 E5.0 3.817 ©.28
£2 1345 1455.5 380.56 209.7 1.15 118.9 3.2 40.4 s8¢.7T 65.1 3.113 ©.28
3 1400 1451. 8 382.5 209.6 1.26 119.5 38.2 40.6 &t.2 E5.4 a.t19 ©.25
ta 1315 1422.8, 383.1 209.4 1.38 119. 6 28.4 40.86 88.2 B5.5 3.5186 o.2a
s 1430 1414.5 283.5 209.3 1.50 119.7 38.4 30.6 8t.3 85.5 3.9186 0.24
1] 1445 1401.2 383.3 209.5 1.861 119.7 38.6 40.85 1.1 65.6 3.100 0. 24
: 17 1500 1387.7 383.0 208.5 1.73 119.7 38.5 40.6 8F.2 85.6 3.108 0. 24
i i1 1520 1368.1 384.2 209,86 1.99 119.3 38.2 40.6 81.1 65.2 3.123 ©.25
1] 1600 1331.90 384.2 209.9 2.22 118.7 37.8 340.4 80.8 64.8 3.139 0.26
20 1637 1294.8 385.2 2190.0 2.53 118.5 37.8 30.4 80.6 64.8 3.5 ©.26
21 1700 1273.9 285.5 210.5% 2.71 118.2 37.4 40.4 8C., & 64.3 3.160 ©,27
22 1730 1245.2 385.7 210.8 2.86 117.8 37.2 40.3 &0. 6 64.1 3.167 ©.28
23 1800 1217 .1 38%.3 211.0 3.21 117.2 3.8 40.2 8.3 63.7 3.177 ¢.29
24 1830 1188.8 A84.7 211.2 3.45 116.6 36.7 30.0 79.8 63.3 3.178 ©.30
28 1831 1188.0 382.5 RELAXATION TEST
2B 1832 1§187.% 381.0 RELAXATION TEST
27 1834 1185§.6 377.7 RELAXATION TEST H
28 1838 1186.3 373.¢ RELAXATION TEST
2% 1845 1184.3 369.2 RELAXATION TEST
30 1300 1182.8 383.2 RELAXATION TEST
31 1830 1i81.90 366.3 RELAXATION TEST
a2 2000 1i80.0 352.3 RELAXATION TEST
: 33 2030 1578.2 350.2 RELAXATION TEST
b 34 2203 1177.8 333.8 RELAXATION TESY
: is 832 1175. 0 332.5 RELAXATION TESY
36 &35 1176.0 333.68 210.4 3.87 103.8 37.8 33.0 66.0 68.38 Z2.747 0.43
37 &45 1172.2 3s57.¢ 212.4 3.58 tos.1 35.8 36.2 ?z2.3 68.9 3.021 o.41
as 89¢0 t164.3 379.¢ 213.56 3.66 112.7 33.5 32.1 8.2 £0.8 3.2868 .37 E
339 518 t152. 0 38:.3 213.3 3.77 115.8 38.7 50.4 0.8 €1.8 3.328 0.36 H
40 830 1132.5 3980.6 212.8 3.88 t16.2 35.1 40.6 51.2 82.2 3.313 ©.33
a1 845 1123. 8 389.8 212.3 4.01 t16.4 3s5.5 40.4 80.8 82.8 3.278 Q.32
a2 1000 t108. 0 3as.0 212.0 4.18 t16.1 35.8 40.1 80,3 2.8 3.242 o, 31
43 1030 to8t.1 385.8 211.8 §.38 115. 4 36.0 39.7 7.4 82.5 3.208 o.32
45 1130 1023.¢ 382.2 212.4 4.88 t13.8 38.7 39.0 78.1 1.7 3.187 T, 38 i
45 1200 985.¢ 381.0 212.8 5.13 1131 35.5 38.8 7.6 E1.4 2.185 Q.35
46 1230 966.3 380.5 212.8 5.37 t12.4 35.2 38.6 7.2 BC.9 2.194 0.36
a7 1300 837.7 3890.0 213.¢ 5.62 t11.9 35.0 38.5 76.8 BCG. & 3.197 0.37
a8 1400 ago. 4 378.3 213.4 6.12 t10.6 34.5 38.0 76.1 68.9 3.2058 ¢ .38
49 1560 324 .2 3777 213.7 6.60C tog. 4 33.9 37.8 7E.5 58.1 3.228 0.4t
50 1556 771.8 377.3 214.7 7.05 i08.4 33.4 37.5 75.0 58.4 3.246 Q.44
S 1708 701.5 376.9 214.8 7 .66 107.9 323.5 37.2 74.4 58.3 3.221 ©.45
52 1940 659.2 376.0 215.1 5.89 108.3 33.1 36.6 73.2 57.5§ I.211 .48
53 2020 s§21.2 375.0 215.8 8.22 EOS .7 332 .1 36.3 2.5 7.3 3.194 ¢.51
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SAMPLE ND. = T 704 [REMDULDED SAMPLE)
COMSOLIDATION AXIAL STRESS s 48.00 KPA
PRECONSOLIDATION PRESSURE 160.04 KPA
HORMALIZIKG STRESS = 150.04 KPA
NORMAL1ZED SHEAR TEST RESULTS START t31083 END 141083
PT PER NRMLZD EFFECY HRML 2D NRMLZD
CERT HALF RATED oct CHANGE
PCSTRR DEV SIGMA1 STRESS 1K PWP
STRESS SIGMAZ KPA KPA
KPA
: 1 0.0 o.1130 1.864 0.3Z88 0.0
: 2 o.04 0._161 2.177 0.3581 0.027
: 3 0. 11 o.185 2.458 ©.377 0.046
H 4 o.17 0.202 2.655 0.378 ©0.0586
: 5 0.28 0.217 2.846 o.38¢ ©.064
: 5 0. 40 ©0.225 2.568 o.3a5 0.067
7 o.48 0.237 3.053 0.388 0.068
. S ¢.57 0.243 3112 ¢.382 0.069
9 ©.67 0. 246 3.113 ¢.387 0.066
10 ¢.87 0.250 3.118 ¢.403 0.064
11 t.03 0.252 2117 ©.4086 0.062
iz 1.18 ©0.252 2.113 ©¢.407 0.061
. 13 1.28 0.254 3.118 6.408 0.061
14 1.38 0.254 3.1186 0,809 0,059
15 t.59 0,254 3.1186 0.808 0.058
15 1.6t ©.253 3.100 c.ate 0.060
17 .73 o.254 3.108 0.&810 0.060
18 t.80 ©.253 3.123 0.408 0.061
19 2.22 ©.253 3.138 0.405 0.062
20 2.53 ©.253 31618 o.503 T.063
21 2.7% ©.252 3.160 ©.302 0.067
22 2.%8 ©.252 3.1867 ©c.500 0.068
23 3.2% ©.251 3.177 .38 0.068
24 3.45 ©.250 3.178 0.396 0.071
35 3.57 ©.2086 2.747 0.374 0.068
a7 3.58 ©.226 3.021 ©.374 0.078
38 3.66 ©.244 3.288 ©.379 0.085 i
39 3.11 ©.252 3.328 0.385 o.084
40 3.89 ©.254 3.313 o.382 o.o81
a4 4.04 ©.253 3.278 0.390¢ ¢.077
a2 4.14 ©.251 3.282 ©.391 0.076
a3 4.38 ©.248 3.208 ©.380 ¢.074
a4 4.88 ©.244 3.187 0.3388% ©.078
a5 §.13 ©.242 3.t85 0.382 ©.078
a8 5.37 ©.241 3.194 0.381 ©.081
a7 5.62 ©.280 3.197 0.378 ©.082
as 5.12 0.238 3.20% 0.374 0.084
48 6.60 ©.238 3.228 0.36¢ ©.086
50 T.05 0.234 3.2456 0.365 ¢.092
51 T.686 0.232 3.221 o.364 0.093
52 8.89 ©.229 3.211 ©.358 6.09%
53 5.22 ©0.227 3.1824 ©0.358 ©.098
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: SAMPLE NO. = T 706 [REMDULDED SAMPLE)

N INITEAL MOISTURE CONTENT = 47 .3 PERCEKT

H SFECEIFIC GRAYITY OF SDIL b 2.73
INITEAL YDID RATIO = 1.292
INITEAL HEIGHT OF SAMPLE = 12.60 CM
IHITIAL V¥OLUME OF SAMPLE s 671.52 CC
EFFECTIYE PRIKCIPAL STYRESS RATID d 1.00

i FINAL MDISTURE COMTENT

43.0 PERCEKT

L CONSOELIDATION START 215083 END 61183
TRIAXTIAL CONSOLIDATION TEST

T EFFECT EFFECT STRAIN1 YOLUME STRAINZ EFFECT Q yoloD ¥ SHEAR
sSiGcMal SIGMAZ STRAIN P RATIO STRAIN
1 s5c.09 27.25 1.208 1.750 0.272 34.86 22.84 1.251 2.251 0.622
2 57.88 21.30 1.451 2.222 ©.386 40.05 26.25 1.241 2.241 o.710
3 B6.21 26.60 1.7124 2.782 0.52% 46.47 29.6% 1.228 2.228 Q.787
4 76.13 42.2¢ Z2.794 3.867 ©.538 §53.51 33.93 t.203 2.203 1.508
s 87.73 48 .59 3.4a3 4 .855 0.7086 61.58 39.23 1.180 2.180 1.825
& 10t.04 55.8¢ 4.235 5.897 0.831 70.88 45 .24 1.158 2.158 2.270
7 116.20 64 .05 5.240 7.226 0.892 81.483 52.15 1.1286 2.128 2.83%
1 133.723 T3.EC E.405 8.469 1.032 93.63 60 .13 1.087 2.097 3.582
9 16¢.14 &8.00 7.830 10.131% 1.101 112,05 T2.14 1.089 2.058 4.552
o 78.79 44.00 7T.173 &.766 ©.796 55.83 35. 79 1.081 2.091 4.281
i Te. Tt 44 .00 7.303 &.637 0.69%2 65.80 as. 71 1.092 2.992 4.407
iz 75.30 45.3¢ 7.303 5.687 ©.692 55.30 30.00 1.082 2.092 4.407
3 TL.5¢ 47.68¢ T.295 5.687 0.6396 55.50 24,00 1.092 2.092 4.399
L] 8. 1¢C 50.1¢ 7.272 &.687 0.708 56.10 t8.00 1,082 2.082 4.377
is $4.3¢C 5§2.30 7.242 &£.887 0.723 56.30 12.00 1.082 2.092 4.338
113 $0.10 54.190 7.185 &.687 0.T7T486 56.10 6.00 1.082 2.092 4.300
tT 57.60 57.60C T.137 &.887 0.775 57.60 0.0 1.082 2.092 4.242
8 56.9¢0 56.80 7.112 &.B87T 0.788 56.90 0.0 1.092 2.082 4.216
t9 56.1¢ §6.10Q T.0986 8.687 0.798 58.10 0.0 1.082 2.0892 4,200
20 55.60 $5.60 7.082 6.687 0.803 55.60 6.0 1.082 2.092 4.1886
21 85.10 §s5.10 T.047 8.687 0.820 55.10 0.6 1.082 2.092 4.161
22 54.8¢ S%.80 7.015 8.687 ©.838 54.480 0.0 1.0%2 2.082 4.119
23 E5.8¢ S5.60 6.969 &6.687 ©.859 $5.60 0v.¢ 1.082 2.082 4.073
23 §3.7¢ $3.70 5.915 6.687 ©.888 52.70 o.¢ 1.082 2.082 4.019
25 54.1¢ S4.10 6.92%2 B.6&7 C,883 54.1¢ .o 1.082 2.092 4.028
25 B&.90 54.30 6.913 &5.687 ©.888 54.90 0.0 1.082 2.087% 4.019
27 54.9¢0 S4.90 5.900 8.687 ¢.894 54.90 0.¢ 1.092 2.092 4.004
28 55.14¢ §8.10 65.878 &.587 0.905 55.10 ¢.o 1.092 2.082 3.982
28 55. 40 §5.40 6.851 &.687 ¢.918 55.480 ¢.0 1.082 2.092 3.955
< 30 55.50 §5.50 6.838 5.887 ©.925 55.50 o.o 1.082 2.092 3.942
31 £§5.80 §5.80 6.826 5.587 .93t $5.80 0.0 1.092 2.082 3.83¢
32 §5. 10 $5.10 68.818 8.687 ©.8935 55.10 0.0 1.082 2.082 3.922
33 S$8.590 54.50 6.791 &.687 ¢.9548 54.50 .0 1.082 2.092 3.855 i
32 §3.80 53.60 §.780 8.687 ¢.954 53.60 e.0 1.092 2.082 3.884
35 §2.50 52.50 65.748 8.687 ¢.87¢ 52.50 0.0 1.092 2.082 3.852
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SUMMARY OF ESSENTIAL RESULTS STORED IN FILE

PT  BIGMAS SIGMAI  STRAINI STRAINI v
1 so0.08 27.2% t.206 0.272 :
2 ET.ES 31,30 1.481 o.388 :
3 es.21 38,80 1.724 o.8528 :
4 78.13 $2,320 2.794 o.538
5 a7.713 48.80 1.443 0.708 :
5 tof_04 55,850 4,238 ©.831
T 118.20 $4. .08 5.240 ©.081
2 133.73 173.80 5. 408 1.032 H
s 180,14 88.00 7.930 1,101 i

10 7e.7e 48,00 7.173 ‘

1 78,71 48,00 7.303 H
i 12 715.30 4%, 30 7.303 !
i 13 T1.8%0 4T.80 7.208 :
; 4 sa.10 50. 50 7.272 ;
: 18 44,30 2.30 7.242
: s 80.10 54,10 1.188 :

17 E7.80 7.137 :

1 E8.BO T.112 ]

1 ss.10 7.098

20 sE.80 7.082 ]

21 EE.10 7.087 :

22 BA.B0 $4.80 7.018

23 B5.80 55,80

o E3.70 §3.70 )

28 $4.t0 k4. 10

26 s4.%0 t4.80

27 sa.90 84.90

28 88,10 §5.10

20 S%. 40 40

30  E5.§0 E5.80

31 B8, 80 58. 480

32 85,10 5. 10
! 33 sa.8¢0 54.850

34 s31.s0 53.80

s s2.8%0 $2.80

UNIVERSITY OF MAWNITOBA
SOIL MECHANICS LABORATORY

EKERGY CALCULATIORS
ssxe  ENGINEERING STRAIN ssx:e

SAMPLE ND. = T TOB {REMOULDED SAMPLE}
TEST RESULTS START 211083 END $51831
rY EFFECT EFFECT DEY EFFECT AXIAL RADIAL YolL LSsY LENY DELTA TOTAL
$1GMAT SIGHAY STRESS OCT STRAIN STRAIN STRAIKR ENERGY ENERCY
Kra KPA KPA STRESS % % % KPA % KN-M/Y0L KK-M/VOL
KFA
1 ;O.I 27.3 22.8 349 1.208 ©.272 1.780 .0 .0 0.0
2 87.8 31.3 26.3 40.1 1.481 °.388 2.222 1.5 .3 o-1ae o. 108
3 8.2 Is. ¢ 29.8 4%5. 8 1,724 0.8%29 2.782 20.3 C.8 o.a8e o.488
5 .1G.I 42.2 33.9 £3.% Z.704 c.838 3.887 33.8 1.8 e-Ter 1.232 :
{ L a4T7.7 45 .3 3.2 8t. 8 T.443 o.T08 4.885% 48.2 2.3 e-uee 1.818
& iot1.0 5.8 45.2 Jo.8 4.23% o.83t 5.807 5.0 3.1 o-877 2.788
-7 118.2 5.1 $2.1 1.4 5.240 ©.003 T.228 s 4.2 1-ass 4.082
& 133.7 73.8 $0.1 3.8 6.408 1.032 5.48% 108.3 5.3 1-mon 5.580
L 180.1 48.0 T2.1 112.0 7.030 1.101 t0.131 139.8 .8 2.an2 T.042
to 7e.8 4.0 35.8 5.8 T.573 Q.798 E.T8E 38.0¢ §.0 Tieacw 6.833
11 79.7 44,0 38.7 5. % 7.303 ©.802 &.8387 37.9 8.1 e-onz ‘l.i&l
t2 78.3 48.3 30.¢ 8.3 7.303 ©.802 8.887 35.8 $.1 e-e E.848
3 T1.8 47.5 24.0 55.85 T7.208 C.608 a.887 35.8 6.1 Te-ee2 5.842
14 8.1 50,1 18.0 8.1 7.272 0.708 s.887 37.0 5.1 Te-o08 5,838
18 4.1 £2.3 12.0 58.2 T.242 ©.723 &.687 38.2 5.1 Te-oes 5.833
18 0.1 54.1 8.0 58.1 ?.198 Q.T48 B.8687 319.13 6.0 Te-o0d $.829
-0.002
17 S$T.8 5T7.8 0.0 57.6 7.137 0.778 5.887 43 ¢ 8.0 5.827
1 §8.9 8.9 0.0 5.9 T.112 0.788 8.587 42.8 8.0 :-: 6.827

12 58. ¢ L1 J e.0 68.1 T.088 0.7948 2.087 - 45,2 5.9 6.8627
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-3 .
20 5.8 55. ¢ .0 6s.8 T.082 ©.803 2.887 40.8% 5. 6.027
.9
2t 5.1 5E. 1 0.0 E%. 1 T.047 C.820 3.887 3.7 .1 s.827
L]
z2 5&.8 s4.8 0.0 4.8 T.018 o.838 4.887 3.2 5.9 5.827
0.0
23 56.8 5. & -] 5.8 §.989 O.8ES &.087 40.5 5.8 s.827
-
24 1.7 3.7 ©.0 2.7 $.018% o.888 a.887 ar.s 5.8 s.827
N
2% 4.1 4.t .0 54.1 §.222 C.883 s.887 3s.2 5.8 5.827
0.0
28 4. 4.9 .0 B4.9 6.814 O0.888 s.887 3.4 . .827
N
i 27 sa. | L3 ] .0 4.9 .. 800 0.384 3%.4 5.8 5. 827
H L]
H 21 8% .1 5.1 0.0 68,1 . 873 0.90% 3.7 6.7 s.827
: 0.0
E 2% 5.4 6.4 -] 5.4 .85 o.%18 40,2 $.7 4.827
i .0
i 30 5.3 55.% 0.0 5. 8§ §.838 ©.928 4C.3 .7 §.827
H .o
i I 5.8 5.8 - Bs. 8 $.828 ©. 8234 40.38 .7 ¢.827
Q.9
32 s8.1 5.1 o.0 8.1 s.818 0.8238 3.7 .7 §.%27
-]
1 4.8 4.5 -] 4.5 .79} 0.048 s, 587 3.8 $.7 6.827
-
EL) $3.8 3.6 ©.0 $3.8 $.780 C.284 a.887 37.4 5.7 8.827
-2 .
as 2.8 52.8 o.0 B2.% e.748 o.8570 s.887 35.8 5.8 6.827
URIYERBITY OF MANITORA
SOIL MECMANICS LABORATORY .
ENEACY CALCULATIONS
s HATURAL STRAIN sexs
SAMPLE HNO. ¢ T TO8 (REMOULDED SAMPLE}
TEST RESBULTS START 211083 END 51182
rPT EFFECT EFFECT DEY EFFECT ANTAL RADIAL YoL Lssy LENY OCELTA TOTAL
SI1GMAY SI1GMA3 STRESS OCT STRAIN STRAIN STRAIN EMERGY EMERCGY
KPA KPA KPA STRESS % % % XPA % KN-M/YDL KK-M/VYOL
KPa
1 so. 27.3 22.8 34.5 1.213 0.278 1.768 ¢.0 Q.9 0.0
~ 9.202 .
2 $7.8 31.3 28.3 40.1 1.882 0.3 2.247 .4 .3 ©.202 i
0.272
3 8.2 3Is. 8 208 4%.85 1.738 0.541 2.821 20.8 0.8 o.478 '
0.780
5 8.1 42.2 3.9 $3.8% 2.834 0.558 .84 3.8 1.7 1.282
0.714
] 7.7 48.8% 39.2 1.8 3.804 ©.737 4.9717 48.2 2.4 1.978
©.922
] $0t1.0 5%.8 48 .2 T0.9 4.328 0.E7E 6.077 5.0 3.2 2.000
1.388
7 196.2 a4.1 $2.1 ai. 4 §$.3a1 1.088 7.801 Ll | 4.3 4,287
1.822
L] 133.7 T3.8% BO .} 3.8 E.81% 1.11% $.848 108.3 .85 8.8389
) 2.587
* 1801 48.0 72.1 112.0 §.282 1.210 to. 581 139.8 T.2 8.45¢
“1.438
10 T79.3 4.0 3.8 5.9 T.443 0.863 $.174 38.0 6.3 7.018
0.012
1 75.7 44 .0 38,7 $3. 0 T.883 ©.7853 9.088 37.9 5.4 7.031
0.0
12 75.3 45.3 Jo.o 55.3 7.581 ©.783 s.088 35.9 .4 T.031
-0.002
13 T1.8 47.% 2%.0 E5.E T.874 0.787 s.088 3.8 L T.029
~0.008
A BB. 1 80.1 15.0 B6.1 T.850 o.788 9.088 37.0 5.4 T.024
~0.00B
18 4.3 2.3 12.0 E¢.3 71.818 0.78% 9.088 8.2 $.3 T.01%
*0,008%
18 0.1 5.1 5.0 4.1 T.487 Q.810 .08 3.3 4.3 T.014
~¢.0012
17 $7.8 57.8 ¢.0 $7.6 T.408 o.842 5.08% 43.8 8.2 T.013
~0.000
s 8.9 58.89 .0 58.9 7.3 ©.888% 9.088 42.% 6.2 T.013
~0.000

19 68.1 6.1 0.0 se.1 7.3860 C.084 b.o82 1.2 6.2 T7.013



20
21
22
23
24
F1d
2%
7
28
29
30
an
32
33
34
3%

L1 3% 1
S ¥
4.8
5.8
3.7
4.1
LT |
54 %
8.1
58 .4
L1
5.8
55,1
4.8
53.8

E2.%

5.5
$8.1
E4.8
5.8
3.7
4.1
$4.0
54,8
s
5.4
5. %
5.8
55.1
54.8
$1.8
52.%

L1 % ]
58,1
$4.8
5.8
3.7
54 .1
54.9
4.0
851
6% .4
5.8
5.8
5.1
s4.5
3.8
52.%

7.348
7.307
7.273
T.224
T.188
T.173
T.158
T.180
T.128
T.097
7.083
T.070
7.081
T.032
T.011

e. 47t
&.080
0.9807
0.932
o. 98
o.858
o.981
o.989
Q.087
o.806
1.002
1.00%
1.012
1.028
1.031

1.951

f.088

$.088
9.088
.08
.08
9.082
9.088
s.088
2.088
2.082
$.088
9.088
9.083
f.088
8.088

9.088

40.8
.7
33.2
40.B
a7.s
3.2
IR. 4
38.4
39.7
40.2
40.2
40 . 3
3.7
33.8
37.4

[
-
~0.
-0,
-0,
0.
Q.
Q.
-0,
-0,
-0.
-
-0,
-0,
~0.

-0,

o

o0
oco
1.1
[-1+]-3
000
Q00
o000
000
000
11
1.1
000
oo0
000

o000

7T.013
7.013
7.013
7.011
7T.013
7.013
7.013
7.012
T.013
7.013
7.011
7.013
7.013
T.013
T.013

T.013
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URIYERSITY OF MAKITOBA
SDOIL MECHANICS LABDRATORY

SAMPLE KO. = T 706 EREMDULDED SAMPLE]}
SAMPLE HEIGHYT AFTER CONSOLIDATION 3 11.761 CENTIMETRES

SAMPLE VOLUME AFTER CONSOLIDATION =z 5223.07¢ CUBIC CENTIMETRES
SAMPLE AREA AFTER COMSOLIDATION : 5£4.475 SQUARE CENTIMETRES

COHNSTANT LDAD z 16.52 K .

PROYING RIRG FACTOR 2 1.0225 N ./DIY

PISTON AREA T S.0700 SQUARE CENYIMETRES
IHRITIAL DIAL READING * 1162.50 DIVISIONRS

SHEAR TEST RESULTS S5TART 7183 END 25183

i
H

CONSOLIBDATED UMDRAINED TRIAXIAL TEST

PT TIME DiseL PR1KG PORE PER EFFECY EFFECT HALF DEV EFFEET RATIO OF A
DlaL DIAL PRESS CENT sSicMasl SIGMAZ DEY STRESS ocT EFF SIGMAY
RDG RDEG KPA PCSTRN KPA KPA STRESS KPa STRESS EFF SIFMA3
KPA KPa
1 852 t162.5 t20.0 200.2 ©.0 S5t.t as.1 1.8 3.0 49.1 t.062 ©.0
2 802 t1681.5 148.2 202 .4 o.0t 55.4 45.8 4.7 9.5 49 .1 t.207 ©.34
3 823 t155.0 197.5 206.8 ©.06 62.8 41.7 10.4 20.8 43.6 t.498 ©.37
& 832 1isc. 8 217.0 208.7 ©.1¢ £5.0 39.7 12.6 25.3 48.1 t.636 ©.38
5 84% t145.0 241.5 21¢.8 ©.15 68.8 37.9 165.4 30.8 48.2 t.81% ©.37
6 1000 t136.9 287.5 212. 8 ©.22 72.7 35.9 18.4 36.8 48.2 2.028 ©.37
T 1018 ti128.8 288.9 213.9 ©.28 76.2 34.5 20.8 41.7 48. 4 2.209 0.3%
13 1030 t120.86 J09.2 215.2 ©.36 79.7 33.4 23.1 46.3 48.8 2.386 ©.35
b:] 1035 Fi1t1E.6 327.4 218.2 ©.43 82.8 32.4 25.2 50.4 49.2 2.568 .34
to 1100 1108 .2 345.2 217.2 ©.52 85.¢9 31.43 27.2 54.5 49 .6 2.734 ©.33
11 1118 t0gz2.0 360.8 217.6 0.86¢ 8s.0 31.0 29.0 58.0 5¢.3 2.870 ©.32
: t2 1132 toac.o 376.4 218.¢ ©.70 82.90 30.5 Jc.7 61.5 51.0 3.016 ¢.30
E 3 1148 1063.3J Ass. 0 218.2 .78 84.5 30. 5 32.0 64.1 51.8 3.108 .29
t 14 1200 i0s58.8 3g989.0 218.2 o.88 86.89 30. 4 33.3 66.5 52.6 3.188 .28
H 113 1218 to4s.0 408.3 217.9 ©.97 8g.3 30.7 34.3 68.6 $3.6 3.234 .27
: t6 1230 t026.0 4315.8 217.9 t.o8 100.8 30.6 a5 .1 70.2 54.0 3.293 ©.26
x 17 1245 1023.7 422.8 217.3 .18 102.8 1.1 35.9 T1.7 5.0 3.307 ©.25
5 8 1200 to11.4 428.5 217.2 t.28 104.3 31.3 36.8 72.9 55.7 3.323 ©.24
t8 1315 a985.4 433.2 217.0 t.38 105.5 31.86 37.0 73.9 S6.2 3.3430 ©.24
20 1230 9a5.9 437.0 216.86 t.50 106.5 31.8 27.4 T74.7 SE.7 3.350 ©.23
21 1348 87¢.7 439.9 216.3 1.82 107.5 3z2.2 27.86 7.3 57.3 3.338 ©.22
22 1402 957.3 442.9 216.2 1.74 108 .1 32.2 7.9 75.89 7.8 3.356 .22
23 1418 944.3 445 .6 216.0 t.86 108 .8 32.4 38.2 76. 4 sT.9 3.368 .22
24 1430 92t .3 447.6 215.7 t.9%7 10%.6 32.8 8.4 76.8 S3.4 3.340 0.2t
25 1447 $15.2 449.5 215.5 2.10 110,90 32.8 38.5 771 58.6 3.343 e.21
26 1503 sot.0 451,14 215.5 2.22 110. 4 33.1 338.7 77.3 58.9 3.3386 ¢.21 H
L mmean o e e e —— ————————— -—————— e, e - ——— -———— ———— —— R
B 27 1518 &88%.38 452.2 215.2 2.32 110.8 33.4 38.8 77.86 598.2 3.320 .20
28 1830 &75.2 453.2 215.2 2.45 110.8 33.3 33.8 7.6 59.2 3.332 o.20
3 29 1545 &63.0 3453.9 215.2 2.55% 111, 0 33.2 8.9 7.7 59.2 3.334 .20
& 30 1800 &48.38 485 .t 215.0 2.8%7 111.4 33.8 38.9 77.9 9.5 3.325%5 .20
b <Al 1615 8325.0 45%.7 214.8 2.78 111.7 33.8 3s5.0 77.9 58.8 3.3085 o.§8
B 32 1630 82t.0 456.0 215.2 2.90 111.4 33.86 38.9 T77.9 59.5 3.325 0. 20
: 33 1649 802.9 456.7 215.0 3.08 111.8 33.86 35.0 T7.8 59.6 3.3t¢ o.20
34 1702 78¢.9 467.2 215.1 3.186 111. 4 33.8 9.0 77.9 9.5 3.327 .20
a5 1729 765.2 4G58.8 215.2 3.38 111.86 33.5% I8 .1 78.1 59.5 3.332 .20
36 17314 764.0 455.8 RELAXATEON TEST
37 1733 T63.2 453.2 RELAXATEION TEST E
38 1735 T762.6 451.0¢ RELAXATEDN TEST f
as 1740 T6t.3 3446.2 RELAXATION TEST
a0 1780 75%.7 A40.8 RELAXATEON TEST
LR iaco 758.7 436.8 RELAXATION TEST
42 1816 7857.9 432.8 RELAXATION TEST
43 1837 756.8 428.0 RELAXATION TEST
44 1418 I155.2 424.4 RELAXATEQGH TEST
48 2113 753.5 317.2 RELAXATION TEST
46 2227 752.7 414.6 RELAXATION TEST
a7 815 75¢.2 405 .14 RELAXATION TEST
a8 52 75¢.0 404 .2 RELAXATION TEST
49 1004 748.4 404 .0 213.8 3.8%1 100.3 345.4 A3.0 65.9 5E.4 2.8186 ©.22
&0 i01s 7T47.0 430.2 215.8 3.83 104.3 32.8 35. 8 1.7 56.5 3.198 .22
51 1031 T27.3 454.2 216.5 3.62 108.7 31.7 38.8 1.0 57.4 3.428 .22
52 1045 726.2 461.5 216.4 3.71 110.3 31.3 39.3 78.8 58.0 3.3869 0.2
53 1107 706.2 465.8 215.7 3.88 111.6 32.8 398.5 79.1 58.9 3.334 .20
54 1117 697.2 465.1 215.3 3.96 111.89 32.8 39.8 79.1 59.2 3.a52 .20
5% 1130 635.2 464.4 215.0 4.08 112.0 33.1 39.2 7&.9 59.4 3.383 ©.20
56 1145 671.8 464.2 215.0 4.17 112. 0 33.3 39.43 78.7 59.% 3.384 c.20
57 1200 656.2 4E63.8 214.7 4.30 112.0 33.5 29.3 78.5 59.7 3.344 ©.18
58 1232 625.9 462.8 214.8 4.586 111.4 33.2 38 .1 78.1 59.3 3.345 ©.18
5% 1300 60C. 0O 463. 14 214.9 4.78 111.4 33.4 39.0 7.0 59.4 3.334 ©.20
60 1330 571.0 463.2 214.8 5.03 1111 33.2 3a8.8 77.8 59.2 3.237 .20
61 1400 543.1 463.3 215.¢ 5.27 110.7 33.1 3s8.8 77.6 59.0 3.3a% .20
: 62 1512 474.8 4683.2 215. 1% 5.85 110. 4 33.3 38.6 77.1 58.0 3.315 .20
EXRS] 63 1600 42&.0 463.3 215.85 6.25 109 .7 32.9 3a.4a 76.8 58.5% 3.334 o.2t Z
T 64 18920 238.2 4E3.¢ 216.0 7.85 107.% 32.3 27.7 75. 4 57.4 3,335 .22
i 65 2045 158 .0 483 . % 216.3 8.53 107.0 32.1 37.4 74.9 57T.1 3.333 ©.22
66 823 ~48¢.5 172.2 217.4 14.06 102.8 30.6 26.1 72.2 54.7 3.280 ©.25
. 67 807 -532.2 473.5 217.4 14.41 1i02.8 30.6 36.1 72.2 54.7 3.358 ©.25 :
68 245 -566.8 474.8 217.8 14.70 1027 30.5 36.1 72.2 54.6 3.366 .25
63 1031 -610.2 474 .8 217.6 15.07 1022 30.4 35.9 1.8 54.3 3.382 ©.25
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UNIYERSITY OF MAMITOBA
S50IL MECHANICS LABORATORY

SAMPLE ND. = T 706 [REMOULDED SAMPLE)
CONSOLIDATION AXIAL STRESS t 48.00 KPA
PRECONSOLIDATION PRESSURE t  160.14 KPA
NORMAL1ZING STRESS = 160.14 KPA
NORMALIZED SHEAR TEST RESULTS START TH123 END 81183
] PT PER NRMLZD EFFECT NRML2ZD NRML ZD
i CENT HALF RATIO ocT CHANGE
PCSTRH DEV SIGMAt STRESS IN PWP
STRESS SIGMA3 KPa KPA
KPA
| 1 0.0 0.008 1.062 ©.307 )
: 2 0.01 0.030 1.207 0.306 6.014
| 3 ©.086 0.065 1.498 0.304 0.041
{ a o.10 0.07% 1.638 0.300 0.053
! s 0.15 0.006 1.815 0.301 0.064
B 6 ©.22 o.115 2.025 o.301 ©.077
] 0.29 0.130 2.209 0.302 ©.086
8 0.386 0.148 2.386 ©.305 ©0.094
] 0.43 0. 1857 2.556 ©.307 0.100
16 0.52 ©0.170 2.734 0.309 ©.108 ]
- 1 ©.60 0. 181 2.870 0.314 0.108
12 °.70 0.182 3.016 ©.318 o111
13 ©.79 0.200 3.1508 0.323 0.142
14 0.88 0.208 3.188 ©.328 o.112
15 0.87 0.214 3,234 0.324 O. 11
18 1.028 0.219 3,293 0.337 ©. 181
} 17 1.18 0.224 3.1307 0.344 ©.107
i 13 1.28 0.228 3.323 ©.3a8 ©.106
i 19 1.39 0.231 3,340 ©.381 ©.108
] 20 1.50 0.233 3.350 ©0.354 ©.102
2t 1.62 0.235 3.1338 ©.358 0.101
8 22 1.74 0.237 3.1356 ©.3588 0.100
23 1.886 0.239 3.1358 ©.361 0.089
24 1.87 0.240 3.330 ©.3865 ©.097
i 25 2.10 0.2481 3.342 ©.386 ©.086
i 26 2.22 0.281 3.326 ©.368 ©0.096
27 z2.32 0.242 3.320 ©.370 ©0.094
28 2.44 0,242 3.322 ©.370 o.094
28 2.55 0,243 3.334 ©.370 0.084
30 2.67 0.243 3.325 ©.371 0.082
31 2.78 0.243 3.308 ©.373 0.081
32 2.80 0.263 3.325 ©.371 o.084
33 3.06 0.243 3.319 0.2372 o.082
34 3.18 0.243 3.327 ©.371 0.083
35 3.38 0.2484 3.332 ©.372 o_o84a
48 3.5% ©.2086 2.816 ©.352 ©.085
50 3.53 0.224 3.199 ©.353 0.085
51 3,62 ©.240 3. 428 0.358 0.102
52 3.7 0.245 3.469 0,262 0.101
i 53 3.88 0.247 3.434 0,268 0.097
54 3.88 0.247 3.412 0.2869 0.094
53 4.06 0.246 3.383 ©0.371 0.092
56 4.17 0.245 3.364 0.2372 0.092
57 a.30 ©.245 3.344 ©.273 0.091
5§ 4.56 o.2a4 3,348 ©0.371 0.081
59 a.18 0.243 3.334 0.371 0.092
60 5.03 ©.243 3.337 ©.370 0.081
61 5.27 ©.242 3.345 0.368 0.092
62 5.85 ©.241 3.318 0.368 ©0.093
63 6.25 °.240 3.334 ©.365 0.096
B4 7.85 0.236 3.335 ©.259 o.c98
65 8.51 0.234 3.333 0.356 0.101
66 14.06 0.225 3.3860 0.341 0.107
687 14.41 0.225 3,358 0.341 0.107
68 14.70 0.225 3.366 0.381 0.108
68 15.07 0.224 3.362 ©.339 o.108
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UNIYERSITY OF MANITOBA
S0IL MECHANICS LABORATORY

SAMPLE NHO. == T 708 (REMOULDED SAMPLE]
THITIAL MOISTURE COHNTENT T 45.8 PERCENT
SPECIFIC GRAVITY OF SO1E +  2.73
INITIAL YOID RATIOD ® 1,250
TNIT1AL HEIGHT OF SAMPLE T 12.65 CM
INITIAL YOLUME OF SAMPLE T E73.84 CC
EFFECTIVE PRINCIPAL STRESS RATIO = 1.00
FINAL MOISTURE CONTENT * 38.8 PERCENT
{ TX. CONSOLIDATION START 11183 EHD 1611823
H TRIAXIAL COMSOLIDATION TEST
1
PT EFFECT EFFECT STRAINI VOEUME STRAINZ EFFECT Q vyolId v SHEAR
SIGMAA1 SIGMA3 STRAIN P RATIO STRAELN
1 Eo0.21 27.5¢ 0.779 1.620 0.421 35.07 22.71 1.213 2.213 ©.238
2 E7.88 3t.8¢C 1.018 2.091 0.536 40.18 26.08 1.203 2.203 ©.321
a 66.28 36.20 1.328 2.686 0.671 46.22 30.086 1.180 2.19¢0 ©.436
4 76.27 4t,.60 1.843 3.837 0.847 $3.19 4,77 1.170 2.170 ©,.664
5 a7.17 47.80 2.528 4.830 1.001 61.52 28.87 1.148 2.148 1.018
] 100,83 54.80 3.378 5.680 1.152 70.18 46.13 1.122 2.122 1.482
7 116.1¢ 62.8¢C 4.38% 5.885 1.315 20.63 53.20 1.082 2.082 2.033
s 133.48 72.2¢ 5.422 5.276 1.827 92.83 61.28 1.064 2.084 2.B83
9 169.20 86.60C 6.976 9.987 1.5086 111.13 73.60 1.025 2.025 3.8486
10 78.689 43.3¢ E.252 8.81% 1.179 55.43 36.38 1.056 2.055 3.388
i i1 78.64 43.3¢ 6.435 5.485 1.025 55.41 36.34 1.058 2.9059 3.607
! 2 T4.710 44 .0¢ 6.432 8.385 1.024 54.23 30.70 1.058 2.059 3.608
i 3 69.00 44.30 6.432 8.486 1.024 52.63 24.70 1.068 2.0598 3.608
H 4 64.70 45 .00 6.428 8.485 1.028 52.23 18.70 1.0858 2.058 3.601
H 15 60 .30 47 .60 6.402 8.485 1.039 51.83 12.70 1.088 2.088 3.578
: 6 66.10 48 .4¢ 6.374 5.485 1.088 $1.83 §.70 1.088 2,058 3.646
t7 5t.60 5t.50 6.333 &.485 1.076 $1.60 0.0 1.0858 2,068 3.505
8 81.10 s5t.10 6.318 &. 488 1.088 51.10 0.0 1.088 2.089 3.a388
8 S$t.00 85.00 6.250 8.485 1.418 51.00 0.0 1.088 2.059 3.421
20 §1.00 5t.00 6.201 &.48E 1.942 51.00 .0 1.0858 2.089 3.373
21 80.90 50¢.8¢0 6.137 8.485 1.174 50.80 o.0 1.058 2,059 3.308
22 50.90 5¢.8¢0 6.00E 3.885 1.2480 50.80 a.0 1.058 2.0598 3.178
23 60.20 E0.80C 5.973 &.485 1.256 50.80 o.0 1.088 2.059 3.148
23 50.40 5¢.4ac 5.975 &.485 1.258 50.40 ¢.0 1.058 2.0%9 3.148
25 51.20 Bf,20 5.92¢9 8.485 1.278 51.20 6.0 1,058 2.088 3.101
28 &1 .5¢ 51.5¢0 5.8723 &.485 1.306 §1.50 0.0 1.089 2.08%9 3.0484
27 42 .40 42.40 5.812 &.485 1.337 42.40 0.0 1.088 2.058 2.933
28 40.70 40 .70 5.73zx &.485 1.376 40.%70 ¢.0 1.058 2.058 2.805
23 26.00 35.00 6.592 &.485 1.457 38.00 0.0 1.058 2.059 2.764
30 33.8¢0 331.60 5.649 &.485 1.468 33.60 0.0 1.058 2.058 2.721
a1 3t.70 3t.70 5.497 . &.485 1.494 31.70 c.0 1.0858 2,059 2.669
32 29.70 29.7¢0 5.439 8.485 1.822 29.70 °.0 t.0858 2,059 2.611
33 20.00 3c.00 5.388 8.485 1.532 30.00 ©.0 1.08¢ 2.059 2.571
34 28.20 29 .20 5.353 8.485 1.586 28.20 ©.0 1.088 2.059 2.528




BUMMARY OF ESEENTIAL RESULYS STORED IN PILE

-
-

LA K X F RTEPN

SIGMAtL

0.2y
$7.38
$6.28
78.37
87.77
100.90%
tis.10
]

§t.80
B1.10

$1.00
50.3¢0
$0.80
$0. 80
$0.40
81.20
Bt.60
42.40
40.70
38,00
33.80
31.7¢
28 .70
30.00
29.20

SIGMAY STRAINE STRAINI
27.80 o.421
3t.80 0.838
38.20 o.M
41.80 O.847
47.80 t.001
$4.80 1.182
82.%0 1.318
72,20 1.427
38,380 t.808
43.30 .17
43.30 1.02%
44 .00 1.024
44 .30 3.024
46.00 t.028
47.80 1.028
4% .40 1.08%
$1.80 §.333 1.078
E1.10 £.318 i1.088
si.00 t.188
ft.00 1.142
$C. 80 1.174
$0.90 1.340
$0.80 1.288
$0.40 1.288
%1.20 §.029 1.278
51.%0 $.373 1.308
42.40 §.212 1.337
40,70 .73 .37
ag.o0 1.447
33.80 1.408
31.70 6,407 1.484
20.70 .40 1.%23
30.00 5.308 1.543
8.20 §.383 1.508

v

2.088

2.08)0
2.080
2.088

UNIVERSITY OF MAMNITORA
BOIL MECHANICS LABORATORY

ENERGY CALCULATIONS

shes

SAMPLE NO,

ENGINEERING STRAIN ssss

TEST RESULTS

rT

" e uaoN

14
1%
e
17
138

9

EPFFECT
SIOMA L
Kra
!0‘2
7.8
0.3
76.4
sT.8
LL-1- % §
118.1
133.8
190.2
Ts.7
T5.8
T4.7
. .C
4.7
$0.3
£85.1
B1.8%
$1.1

$t.0

« T 7os [REMOULDED BAMPLE)
START ti1a3 END
EFPECT  DEY EFFECT
BIGMA3  STRESS OCT
KPA Kra STRESS
KPA
27.8% 22.7 s
.. 28.4 4.2
38.2 30.1 a48.2
41,8 34.8 3.2
1.8 40.0 st.1
4.8 8.1 70.2
2. 53,2 80.8
72.2 s1.3 2.8
8.8 73.8 151.1
43.3 36,4 5.4
23.3 38.3 55,4
4.0 30.7 4.2
4.3 24.7 52.8
as.0 18.7 £2.2
1.8 12.7 s1.8
.4 5.7 1.8
51.& 0.0 1.8
Bt.1 0.0 Bt.1
1.0 o.0 $1.0

181183

AXTAL
STRAIN
%

©.TTN
1.018
t.328
1.043

2.%238

3.378

4.388
§.422
$.078
5.2852
$§.4138
5.538
§.438
£.428
s.408
8.37a
5.331
§.318

L. 280
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RADIAL
STRAIN
%

o.421
o.838
0.871
©.887
1.001
1.182
1.318
1.427
1.808
1.179
t.028
1,024
1.024
1.028
1.039
1.088
1.078
1.0a8

1.118

voL
STRAIN
%

1.820
2.001
z. 888
3.837
5.330
5.830
s.988
t.278
..987
.81
s 488
5.438%
s.a08
s. 488
‘s.a88
3.4a8
s.408
s.488

s.488

LESY
KFA

0.0
.3
20.2
2.8
47.3
3.7
2.3
04,8
136.1
31.0
37.0
33.8
30.3
28.8
30.2
.8
34.0
3.4

33.2

LEKY
%

.0
0.3
©.7
f.2
1.8
2.8
3.8
4.8
8.4
5.8
8.7
.7
5.7
5.7
$.7
5.7
5.6
L

DELTA
EMERGY

KN-M/YOL KN-M/V¥OL

9.107
o.281
¢, 807
0.700
C.088
t.208
1.4870
2.408
“1.248
0.008
0.00%
0.0

-¢.002
~0.003
0,003
=0.001
~0.000

©.000

TOTAL
ENERGY

0.0

<. 197
0.478
©.988%
1.888%
2.039
3.908
$.378
T.18¢%
E.&498
$.504
5.808
$.505
E.801
$.800
s.a88
. .40E
s.a82
S.408
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0.0
10 55,0 §t.0 0.0 61.¢ §.201 1,142 5.488 33.2 $.8 S.a88 T
=0,000 P
' 2t L3-8 4 0.9 ©.,0 0.0 6. 137 1,174 s.438 33,1 5.8 §.4898
9.000
22 50.0 30.9 0.0 0.0 1.008 1.240 s.408 as.t 5.4 G.408
0.0
23 $0.9 0.8 e.¢ 0.8 §.073 i.208 8.48% 33.0 5.3 s.498
. 0.0
24 80,4 0.4 0.0 so.4 E.978 1.288 s.488 32.4 $.3 E.408
. =0.000
28 1.2 1.2 Q.0 B1.2 .320 1.278 8.488 331.8 £.3 4.488
&.000
2e $1.8 1.8 @.0 %1.8 6.4873 1.308 4.428 3a.0 5.2 $.488
0.0
azr 42.4 42.4 ©.0 42.4 $.812 1.337 3.488 22.5% 5.2 §.498
0.0
28 0.7 4.7 .0 40,7 6.733 1,378 3.488% 21,86 5.1 S.408
0.0
29 38.0 3Is.0 © 3s.o E.582 1.847 5.488 15. 8% 5.0 S.408
0.0
30 33.8 33.8 0.0 3.8 $.8548 1.482 5.438 18.7 5.0 .40
©.0
2t 3.7 3.7 c.0 31.7 S.487 1.494 s.438 18.4 $.0 5. 408
-¢.000
32 9.7 2s.7 C.0 20.7 $.430 1.822 3.48E 20.7 4.9 5. 408
.0
33 30.¢ 3e.0 ° 30,0 6. 398 1.543 8.488 20.8 4.8 .48
¢ .000
34 n.2 2.2 0.0 29.2 §.383 1.508 8.48% 21.1 4.8 5.48%
UNIYERSITY OF MANITQOBA
$0IL MECHANICS LABORATORY
EMERGY CALCULATIONS
ssss MNATURAL STRAIN “sne
SAMPLE HOD. * T 703 {REMOULDED SAMPLE)
TEST RESULTS START 11182 END 61183
BT EFFECTY EFFECT DEY EPFECT AXIAL RADIAL yoL LESY LNV DELTA TOTAL
SIGMa1 SIGMAZ STRESS COCY STRAIN STRAIN STRAIN ENERGY ENERGY
KPa KPrA KPA STRESS % % x KPa % KM-M/YDL KM-M/VYOL
KPA
1 L1 ] 27.% 22.7 as.t C.T82 0.428 1.8632 ©.0 0.9 0.0
- ©.200
2z 7.8 31.8 28.1 406.2 1,022 Q.64 2.113 .3 0.3 0.200
0.248
3 8.3 35.2 30.1 48.2 .34 C.884 2.702 20.2 ©.7 ©.437
0.8521
4 78.4 £1.0 34.8 3.2 1.880 0.870 3.80¢ 3z.» 1.2 1.007
' 0.728
L] 57.8 47.8 | 40.0 $t.1 2.881 1.037 4.a38 47.3 2.0 1.732
.89
L 10090 Ba.8 a48.1 T0.2 3.434 1.207 5.548 3.7 2.8 2.729
1.337 .
7 t18.t 2.9 3.2 L1 4.483 1.3%% 7.282 2.8 3.9 4.087
1.873
1 1331.8% T2.2 1.3 2.8 - 5.878 t.632 s.638 104. 8 $.0 5.840
z.012
] t80.2 a5.3 7a.8 1111 T.230 1.8548 to.822 138.¢ 4.7 8.28¢
~1.408
114 ¥9.7 4.3 38.4 5.4 5.482 1.274% 8.0%0 37.0 5.8 t.847
©.007
" Te. 8 43.3 318.3 Eg. 4 §.86%2 t.108 &.887 37.0 $.0 5.854
.00t
¥2 74T 45.0 30.7 $4.2 5.884 1.108 8.887 32.» 3.0 5.888
e.o
13 8.0 44.3 24.7 52.8% 5.084 1.10¢ 8.887 3¢.3 8.0 $.38%
-0, 002
14 8a.7 48.0 1.7 2.2 5.84% .41 s$.887 29.9 §.9 §.883
. 0,004
is 0.3 47.8 12.7 $1.8 §.822 1.122 &.887 16.1 .0 6.848
“9.003
18 L1 ] a40.a .7 Bt.8 $.587 1.140 a.4587 3.8 5.9 S.848
. ~0.001
t7 £1.6 5t.8 0.0 81.8% 6. 843 1,582 8.887 34.0 5.8 E.844
«0.000
18 61.1 1.1 ©.0 $1.1 6.824 1.1m 4.887 33.4% 5.8 &£.844 .
0,000

19 "B1.0 1.0 °.0 [ X G.483 1.207 a.887 ax.2 5.8 5.854
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*0.000
20 5t.0 st. 0 0.0 1.0 6.402 1.232 s.087 33.2 5.7 [ LY N
0,000
' 21 50,9 50,9 0.0 80,9 8.334 1.287 s.887 33.1 5.7 6.844
-0.000
22 $0.9 s0.8® 0.0 BO.9 s.194 1.338 5.887 3.1 5.8 s.844
. -0,000
23 50.8 50.8 e.0 $0.8 s.180 1.384 5.887 33.¢ s.8 5,844
-0.000
24 0.4 B0, 4 o.0 0.4 5.180 1.383 s.887 32.4 5.5 . 044
~0.000
28 51.2 Bt.2 .o Et.2 8,112 1,377 5.887 33.4 5.5 . 044
*0.000
26 1.8 E1.% 0.0 st.& 5.082 1.407 8,887 34.0 5.5 . 044
~0.000
27 42.4 42.4 ¢.0 42.4 5.987 1,840 8.887 22.8 5.4 5.044
| -e.000
B 28 40.7 40.7 c.0 40.7 5.8204 1.481 8.a87 21.0 5.3 s.844
i -g.000
! 2% as.o 3s.0 o 3s.0 E.754 t.508 ..087 15.80 5.2 .044
: ~0.000
: 3c 33.8 33.8 ] a.s 5.708 1.878 s.887 185.7 5.2 .84k
H «0.000
: 3 31.7 31.7 0.0 3.7 E.854 t.008 s.887 19.4 5.2 .844
~0.000
Iz 9.7 2.7 0.0 28.7 5.583 t.837 .887 20.7 5.t .044
~0.000
33 30.0 30.0 6.0 3¢0.0 5.EBO 1.088 20.8 5.t s.844
-0.000
34 28,2 29.2 .0 20.2 5.802 1.082 2%.1 5.0 S.844
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UNIYERSITY OF MANITOBA
SOIL MECHANICS LABORATORY

SAMPLE NO. = T 708 (REMDULDED SAMFLE)
SAMPLE HEIGHT AFTER CONSOLIDATION = 191.855 CENTIMETRES
SAMPLE VOLUME AFTER CONSOLIDATION = 527.640 CUBIC CENTIMETRES
SAMPLE AREA AFTER CORSOLIDATION s 4.139 SQUARE CENTEIMETRES
CONRSTANRT LOAD fE.39 N . H
PROYIHNG RING FACTOR 1.0225 N ./pl¥ :
PISTON AREA = 5.0700 SQUARE CEHTIMETRES
: IRITIAL DIAL READING = 1847.50 DIYISIONS
SHEAR TEST RESULTS START 241183 END 261183 %
CONSOLIDATED UNDRAINED TRIAXIAL TEST
PT -TIME DISPL PRING PORE PER EFFECT EFFECT HALF DEY EFFECT RATIO OF A
DIAE DAL PRESS CENT SI1GMAY SIGMAZ DEY STRESS ocr EFF SIGMA
RBG RDG KPa PCSTRN KPA KPA STRESS KPA STRESS EFF STFMA3
KPA KPA
1 1015 1848 .7 115.2 200.0 ~0.02 5¢.1 48.2 .9 1.9 4s8.8 1.03%8 ¢.0
2 1030 i840.5 1531 202.0 Q.06 §6.7 4E6.0 5.3 10.7 45.¢6 1.232 0.23
3 1048 i836.5 1886.8 204.9 o.1a §F.6 43.2 8.2 18.4 48.3 1.426 o.30
4 1100 1820 .4 215.4 207.4 o.15 5.7 40.6 12.5 25.1 48.¢ 1.618 .32 i
5 1115 1823 .9 242.0 208.7 o.20 T0.6 39.4 15.6 3. 48.8 1.782 ©.30
[ 1130 1817.7 260.0 209.86 o, 25 73.8 33.6 17.7 35.3 50.4 1.918 ©.29
7 1145 1807.9 278.8 211.4 0,33 76.2 36.6 19.8 38.6 48.8 2.083 ¢.30
i 8 1200 1787.9 2e9.0 2t8.0 0.42 77.3 aiz.o 22.2 45,3 /7.8 2.342 ¢.35
St 8 1215 t788.9 313.2 215.7 0.48 78.9 2.4 23.8 £7.6 a48.2 2.467 ¢.34
! 10 1230 1780.9 325.8 216.8 [ 81.8 3i.2 25.2 50.4 48.0 2.6815 ©.36
H LB 124% 1I776.0 329.0 215.4 0.62 85.0 32.86 26.7 53.4% 50.43 Z2.E638 <. 30
12 1300 E767.7 351.2 21E.6 ©.B7 87.86 3i.4 28.t 56.2 S0.1 2.780 0.3
13 1318 1758.3 as7.0 217.3 0.75 88.2 0.8 28.7 $7.5 0.0 2.865 .31
15 1330 i781.3 369.4 217.5 0.81 g8c.8 30.5 30.2 60.3 $0. 6 2.977 ¢.30
15 1348 1745.5 374.5 217.1 .86 82.4 3¢.9 30.7 61.5 s1.4 2.98% ©.28
16 1300 t734.7 Jaz . 217.7 ©.95 83.2 30.4 31.7 63.4 §1.5 3.0848 0.29
17 1818 1721.9 388.2 217.4 1.05 5.1 ac.8 3z.2 E4.5 §2.1% 3.107 0.28
18 1430 1706.7 393, 217.4 1.18 896.1 30.8 32.8 ES.5 82.4 3.4 .27
18 1445 t692.0 397.9 217.3 1.30 7.2 30.7 33.3 66.5 §2.9 3.167 0.27
H 20 1500 tB&1. 1 405 .0 217.6 1.40 98.56 30.4 34.0 B8. 4 3.4 3.240 a.27
4 21 15185 1668 .8 303.0 217.5 1.80 8.1 30.5 33.8 B7.E £3.0 3.218 0.27
i 22 1533 t657. 6 404 .0 217.2 1.59 898.6 ac.s 33.¢8 67.7 §€3.6 3.9 0.26
i 23 1600 E634 4 308 .0 216.5 1.79 100. 4 3.7 34.3 68.7 S$4.8 I.E67 0.25
H 24 1630 t607.¢ 41t.5 216 .8 2.02 ic0.8 3.7 34.56 B8, § 54.7 3.t80 ©0.28
25 1700 157T1.0 417.8 2186.4 2,32 102. 48 Az 3.1 70.3 55.5 3.t90 0.2a
25 1730 t646.6 421.7 214.24 2.82 105.8 33.7 35,5 Ti. 8 57.4 3.509 0.21
27 1800 1519.8 424.5 215.¢ 2.75 104.6 az.a 3s5.8 71.5 86.9 3.6 0.22
28 1230 1498 . ¢ 425.¢ 214.9 2.95 105.8 23.3 35.7 71.8 57.1 3.187 0,21
28 1859 1468.8 §27.2 215.9 3. 17 te3.9 2.0 as.s Ti.9 56.0 3,285 0.23
30 1901 14E66.5 421.8 RELAXATION TEST
3t 1902 1466.2 418.8 RELAXATIDN TEST
32 1904 1a84.2 415.0 RELAXATION TEST
33 1908 1ag2.8 s41a.0 RELAXATION TEST
3a 1915 1461.¢t A06. 1 RELAXATION TEST
35 1830 145%9.8 401.3 RELAXATIDN TEST
3& 2000 1458.2 285.8 RELAXATION TEST
37 2101 1457 .1 298¢.¢ RELAXATION TEST
as 811 1453.2 376.2 RELAXATION TEST
39 asa 1452.8 373.5 RELAXATION TEST
a0 845 1452.8 373.5 214.0 3.3 954.2 4.8 29.8 59,7 $4.4 2.729 0.24
4t 856 1449 .1t /00,0 215.¢ 3.3 9&.9 23.3 32.8 B5.6 5.2 2.870 Q.24
42 908 1442.8 418.8 215.8 3.39 102.3 32.58 3a2.8 69.8 SE.8 3.1457 Q.23
43 928 1428.8 430.8 216.¢ 3.5¢% 104. 8 2.2 38.2 T2.4 $6.3 3,248 0.23
44 945 14§3.0 435.0 215.0 3.64 106.2 23.0 36.86 T73.2 5$7.4 3.219 0,21
45 1000 1408.8 837.3 218.0 3.87 107.7 34.0 36.8 73.7 SE. 6 3.168 0.18
46 1615 1384.0 438.1 213.1 3.88 108.9 34.9 37.0 T4.0 59.65 3.51% 0.18
47 1030 1365.5 438.2 213.8 4.00 108.4 34.5 36.9 73.9 S8.1t 3.0642 Q.18
48 1045 1248.8 a482.2 214.0 4.18 108. 4 34.0 37.2 74.4 55.8 2.189 0.18 -
49 1100 1233.8 440.5 213.7 4.30 108.3 24.3 37.0 T45.0 s89.0 2. 158 o.19
50 11320 1306.4 439.2 214 .1 4.53 107.7 34.2 36.7 73.5 588.7 3.1a8 9. 20 s
51 1230 1238.6 438.2 218.0 S.0t 107.1 34.2 36.4 72.9 §8.5 3.6 0.20
52 1300 1221.86 438.8 214.4 5.24 106.6 3.7 36.4 72.8 $8.0 3.661 0.20
53 1330 1154 .6 439.8 214.2 5.47 106.9 34.0 36.4 T72.9 8.3 3.1483 Q.20
54 1400 1163.2 433.2 215.0 5.73 108.7 33.2 36.3 72.5 57.4 3.t85 0.21
58 1502 1101 .1 441.8 215.2 6.25 105.8 32.9 36.4 T2.7 57.t 3.210 0. 21
66 1528 1076.2 443.5 2§3.1% 6.48 107.7 34.8 36.6 7Z.9 59.¢ 3.098% 0.18
57 1500 10a4%.7 451.9 251.0 6.68 191.8 37.0 37.3 74.8 61.9 3.018% 0. 185
58 1630 1023.2 454 .5 209.5 6.80 113.8 38.6 37.58 75.0 63.6 2.9682 0.13
59 1655 i060.0 459 .7 208.0 7.08 1t5.9 40.0 3.0 75.9 65.3 2.8898 0.11
60 808 85.2 470.2 2t5.2 14.74 104 .8 32.9 35.8 Ti.7 56.8 3.381 0.22
61 835 61.0 a72.1 254.3 14.95 1¢5.7 23.7 36.0 72.0 §7.7 3.135 Q.20



UNTVERSEITY OF MANITOBA

501L MECHANICS LABURATORY

SAMPLE NHD. = T T¢8 {REMDULDED SAMPLE)

COHSOLIDATION AXIAL STRESS

! PRECONSOLIDATION PRESSURE
HORMALTZING STRESS

48.00 KPA
180.20 KPA
180.20 KPA

NORMALIZED SHEAR TEST RESULTS START 241183 END 261183 :
H PT PER HRML2ZD EFFECT HRMLZD NRMLZD
; CENT HALF RATIO oeT CHAKGE
! PCSTRN DEV SEGMA1 STRESS EN PWP
i STRESS SIGMA3 KPA KPA
: KPA
;

1 -0.02 0.006 1.038 ©.305 0.0
2 0.0E 0.033 1.232 0.309 0.042
3 .10 0.057 1.426 ©.308 ©.031
& 0.15 0.078 1.618 0.306 ©.046
5 °.20 0.087 1.792 0.311 ©.054
5 0.25 o.110 1.818 0.314 ©.0B0
7 0.33 0.124 2.083 0.311% ©.071
[ 0.a2 0.138 2.343 o.298 0.09&
] o.49 o.148 2.4867 ©.30% ©.088
e .55 ©.157 2.618 ©.300 ©. 108
" .62 0.167 2.639 ©.31§ ©0.096 :
12 .57 ©0.175 2.79¢0 0.313 0. 108
13 .75 0.178 2.866 0.312 ©.108
: 14 .81 o.188 2.877 ©0.318 ©.108 ¢
15 .86 0.192 2.888 o.321 o.107
. 16 ©.85 a.188 3.084 ©0.322 0.150
; 17 1.08 o.201 3.t07 0.325 o.109
| 18 1.18 o.204 3. 841 0.1327 ©.109
| 19 1.30 0.208 3. 167 0.1330 ©.108

o 20 1.40 o.2123 3,240 0.331 0.110
i 21 1.50 o.211 3,218 0.331 o. 108
J 22 1.59 o.211 2.191 ©.334 0.10%
: 23 1.79 o.2148 3.167 ©.341 o.1e3
i 24 2.02 0.216 3. 180 0.342 ©.105
: 25 2.22 0.218 3,190 ©0.347 ©.102
: 26 2.52 0.222 3.108 0.358 ©.080
H 27 2.75 ©.223 3.161 ¢.356 ©.0848
i 28 2.85 0.223 3.147 0,357 ©.083

28 3.17 0.224 3.245 0.349 ©.08%
a0 3.31 0.1886 2.728 ©.339 ©.087
at 3.34 0.205 2.870 ©.344 ©.084%
42 3.39 o.218 3.147 0,348 ©.088
43 3.61 0.226 T.248 0.352 0.100
aq 3.64 ©0.22% 3.218 ©.358 ©.085
as 3.867 ©.230 3,168 ©.366 ©.087
46 3.88 ©.231 3.1189 ©.372 0.082
a7 4.00 0.231 3.142 ©.389 ©.085
a8 4.18 0.232 3.188% ©.367 o0.087
as 5.30 0.231 3.156 ©.368 ©.086
5¢ 4.53 ©.22% 3.148 0,366 ©.088
5t .01 o.227 3.13t ©.365 ©.087
52 5.24 0.227 3.161 o.362 ©.080
83 5.47 0.227 3. 143 ©.364 0.089
54 5.73 0.226 3.188 0.358 0.094
85 6.25 o.227 3.210 ©.357 0.09%
SE 6.45 o.222 3.096 ©.369 0.082
87 6.58 0.233 3.016 0.385 ©.068
58 £.50 ©0.23a 2.942 0.397 o0.089
59 7.09 0.237 2.898 0.408 o.050
50 12.174 o.224 3.18¢ ©.355 ©.095
&4 14,88 0.225 3. 135 ©.360 ©.083
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UNIYERSIYY DF MANITOBA
SDIL MECHANICS LABORATORY

SAMPLE HD. = T 710 [REMOULDED SAMPLE!}
INITIAL MOISTURE CONTENT 13 46.2 PERCENT
- SPECIFIC GRAYITY OF SOIL = 2.73
INITIAL YOID RATIOD = 1.260
THITIAL HEIGHT OF SAMPLE = 12,78 CH
INITIAL YOLUME OF SAMPLE ¢ §579.76 CC
EFFECYIVE PRINCIPAL STYRESS RATIOD = 1.00
FINAL MOISTURE CONTENT T 38.2 PERCENT
TX. CONSOLIDATION START 651282 EHD 201283
TRIAXIAL CONSOLIDAYION TEST
H PT EFPECT EFFECT STRAIN1Y YOLUME STRAINI EFFECT Q YoID v SHEAR
: SEGMA1 SIGMAX N STRAIN P RATIO STRAIH
1 50.18 27.00 i.582 2.348 ©.,332 34.73 23.18 1.207 0.800
2 57 .59 31.08 .85 2.9862 ©.523 38.90 26.54 1.183 0.828
3 B6.36 35.70 2.387 3.695 ©.568 46 .92 30,66 1.877 1.128
4 76.43 41.20 2.238 4.519 ©.782 §2.084 38.22 1.1658 1.429
5 87.885 47.40 3.73% 5.623 ©.942 60,89 40.46 1.132 1.8684
3] 101.18 53.680 4,768 6.86%5 1.048 69 .38 47.68 1.505 2.480
7 116.36 61.80 5.862 8.193 1.168% 78.3885 64 .76 1.076 3.131
L) 133.99%9 70.90 B.206 9.418 t.2586 §1.53 £3.08 1.087 3.767
8 180.07 B4 .80 &.a70 11.039 t.2848 108 .29 75.27 1.011 %.781
1o 78.73 42.430 7.700 9.608& ¢.9897 64, .84 37.33 1.081 4.468
11 79.88 42.40 7.829 8.607 . 888 64 .82 37.28 1.042 5.527
12 74.90 43.50 7.829 8.6807 ©.888 €3.87 31.40 1.043 4.627
13 71.30 46.20 7.818 8.607 ©.885 64.57 25.10 1.043 4.618
138 57.20 48.30 7.800 8.607 ¢.8048 64 .67 18.80 1.043 4.887
15 53.30 50.80 7.757 8.607 ©.82%5 64.87 12.50 1.083 3.554
186 58.20 53.00 T.721 8.607 ©.943 §5.07 6.20 1.042 4.519
17 £8.70 55.70 7.582 8.607 $.013 85.7¢ 0.0 1.042 4.380
18 54.60 54.50 7.5%61 8.607 t.028 54 .50 0.0 i.042 4.348
18 §2.40 52.40 7.810 8.607 F.048 62.40 0.0 1.042 4.308
20 80,20 50.20 7.454 9,607 1,077 50.2¢ 0.0 1.042 4.251
21 46.00 45.00 7.826 9.607 t.081 46,00 0.0 1.043 5.222
22 42.10 42.10 7.423 §.607 t.082 42.10 .0 1.043 4.220
23 3T.90 37.980 7.407 8.607 t.100 37.80 ¢.0 1.083 4.204
25 33.50 33.50 7.40%5 9.607 t.101 31.80 0.0 1.053 4.202
25 30.20 30.20 7.387 9.607 t.105 3¢.20 0.0 1.083 4.194
26 27.80 R7.80 7.387 9.607 1.105 27.8¢ .0 1.0832 4.194
27 25 .80 25.80 7.384 9.607 t, 107 26 .30 Q.0 1.0832 4.182
28 24 .10 24 .10 7.382 9.607 t.112 24.10 0.0 1.043 4.180
28 24 .80 24 .80 7.381 a.607 t.113 24 .80 0.0 1.083 4.178
30 25.30 24.30 7.383 9.607 t.112 24 .30 0.0 1.0483 2.083 4.180
31 22.80 22.80 7.348% 8.E607 .13 22.8¢ 0.0 i.043 2.043 4.143
32 23.80 23.80 7.308 8.607 t.1680 23.8¢ 0.0 1.043 2.043 4.1086
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FT EBIGMAYL SIOMAY STRAIN?® ETRAIND Y
1 27.00 1.8582 2.207
2 31.08 1.818 2.182
3 38.70 2.387 2.177
4 %1.210 2.9038 2.188
[ 47. 40 3.730 2.133
[ 3 £3.80 4.788 2.108
b $1.00 5.882 2.078
[ 70.90 4.008 2.087
L] 44.80 a.4%7¢ 2.0t1
10 42.40 7.700 2.04t
11 42.50 T.820 2.043
t2 43.8¢ T.829 2.043
3 485,20 2.043
14 48,40 2.043
18 5,80 2.043
18 83.00 2,043
17 5. 70 2.042
18 5$4.80 2.043
(2 §2.40 £82.40 2.043
20 $0.20 80.20 2.043
21 48.00 48.00 2.043
22 42.10 42.10 2.043
22 37.80 37.80 2.082
24 33.80 33.8¢ 2.043
s 30.120 30.20 2.043
28 27.80 27.80 2.043
27 28.80 28.80 2.043
28 24.10 24.10 2.043
29 34,80 24.80 2.043
30 24,230 24 .30 2.043
3t 22.00 22.80 2.Q043
32 23.80 23.40 7.308 2.043
UNIVERSITY CF MANITOBA
S0IL MECHANICS LABORATORY
EMERGY CALCULATIONS
sezs  ENGINEERING STRAIN =sxs
SAMPLE WO, = T 710 [REMDULDED SAMPLE)
TEET RESULTS START St283 - END 201283
rY EFFECY EFFECT DEY EFFECY AXTAL RADLIAL You LESY LENY DELTA TOTAL
S1GMal SIGMA3 STRESS OCT STRAIN STRAIN STRAIN ENERGY EMERGY
KPA KPa KPP STRESS % X % Kra % KN=M/¥YOL KEN-M/YOL
KPA
T $0.2 27.0 21.2 34.7 1.882 0.382 2.348 o.0 .0 .0
0.282
2 7.8 31.1 28.§% EL I t.018 0.8223 2.082 9.4 .4 ©.282
©.3Tt
3 5.4 3s.7 10.7 45.9 2.387 O.888 3.888 20.3 0.8 ©.632
©.508
4 8.4 41.2 38.2 t2.8% 2.838 °.Te2 4.6t8 33.0 t.8 t.140
©.,793
L] §7.% 47.4 40.8 8G. 9 3.718 ©.942 5.823 47.4 . 1.03Y
1.080
L} 1et.1 ¥3.8 47.8 9.4 4.708 1.040 §.8485 3.3 -3 3.012
f.324
7 118.4 1.8 4.4 1.9 G.582 1.188 a.19) 2.3 & 4.338
1.428
L] 13,0 70.8 3.1 1.9 §.508 1.288 1.418 104.3 M .784%
2,344
180.1 L L2 5.3 100. 0 8.470 1.28% 11.032 138.9 7.0 8.108
~1.280
10 .7 42.4 a17.3 4.8 T.700 ©.087 D.50% 8.7 4.2 E.818
©.012
LA 8.8 42. 4 37.3 4.8 T.829 O.588% $.807 3.8 .3 .81
©.0
12 T5.0 43.8% 3.4 54.0 T.8239 ©.880 9.807 34,0 §.3 &.831
. ~0.003
i3 71.3 48.2 26.1 4.8 T.818 C.408 ».0807 I8 .4 8.3 6.827
~0.004%
14 7.2 48.4 15.8 4.7 7.800 o.pORK t.807 3.7 8.3 8,823
~0.007
18 3.3 L1- 2% ] 12.8% 6B.0 7.787 0.82% 1.807 301 .2 5.817
=0, 00)
is 8.2 51.¢ 5.2 BS.1 7.721 ©.943 8.807 37.10 6.1 $.613
“0.004
17 5.7 58.7 0.0 8.7 T.882 1.011 §.807 1.0 8.1 s.80%
0.0
.18 B4 8 4.5 ©.0 54.8 T.881 1.028 4.8507 39.5 E.o s.800
-0.000
0 62.4 $2.4 ©.0 2.4 T.810 1.¢48 $.807 3.0 5.0 5. 808 .
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6,000
ac 0.2 0.2 0.0 $0.2 T.484 1.077 &.007 32.8 6.0 .808
.0
n 4.0 48.0 ¢.0 45.0 T.428 1.081 9.007 27.2 5.0 3.808
-0.000
az 2.1 42.1 0.0 2.1 T.423 §1.082 9.807 22.2 . s.000
.0
a3 37.9 37.9 0.0 7. 7T.407 t.too 8.807 m.7 ¥ §.808 :
- 0.000 . F
24 33.8 3.5 .0 31.8 7.408 t. 101 2.807 t*.1 [ 3% 3 5,608 F
9.0
a8 30.2 0.2 0.0 0.2 T7.387 1.108 e.007 20.8 .0 ¢.850%
¢,0
26 27.8 27.8 0.0 7.8 T.397 1.108 9.8507 22.4 5.9 ..800
: 0.0
: 27 8.8 25.8 .0 285.8 T.308 1.107 $.307 2s.4 5.9 s.000
H =0.000
28 24.1 24.% ¢.0 24.1 T.383 t.112 3.807 28. & $.¥ s.800
0,000
3 28 L 4.3 0.0 24.3 T.38¢ 1.1%2 ".807 25.¢ 5.9 5.808
H -0,000
E 30 4.3 24.3 0.0 24.3 7.383 1.112 4.807 28.2 .3 8.808
i 0.0
31 2z.3 22.3 .0 22.8 T.348 T.13% 2.807 28.0 5.0 4.808 £
0,000 :
Iz 23.3 23.8 o.0 23.8 T.308 t. 180 2.807 28.3 L 4.300 i
URIVERSITY OF MARITORA
SOIL MECHANICS LABORATORY
EXERCY CALCULATIONS
ssws MATURAL STRAIN zses
SAMPLE MO, » Y TiO {REMOULDED SAMPLE)
TEET RESULTS START s1283 END 201283
PT EFFECT EFFECT DEY EFFECT AXIAL RADIAL YoL LESY LENY DELTA TOTAL :
218MAY SIGMAJ STRESS ©OCT STRAIN STRAIN STRAIN ENERCY ERERGY - :
XPA KPA KPA 2TRESS % % % KPA % KM-M/¥0tL KN=-M/¥YOL =
KPrA
1 6.2 27.0 23.2 34.7 1.608 ©.389 2.374 .0 .0 ©.0
N o.288
2 BT. 8 3t.1 8.5 an.» .03 0.%38 3.008 3.4 0.5 C.288
0.382
3 8.4 5.7 30.7 4%.8 2.388 0.85890 3.784 20.3 o.0 0.680
o.827
+ T8 .4 41.2 38.2 2.9 2.580 o.822 4.824 33.0 1.8 1.17%
o.529
1 ] a7.8 47.4 L1-2% 0.9 I.810 0.988 E.787 47.4 2.4 2.008
H 1.142
2 L] 101.1 3.8 47.8 .4 4.588 t.113 7.112 3.3 3.4 J.t48
; 1.418
H T 118.4 St. 8 sa.8 Ta.0 §.081 1,283 2.548 2.3 4.8 4. 568
% 1.547
) 134.¢ T0.9 83. ¢ i. 0 T.188 1.387 .80 104.3 5.7 §.113 :
2.7
. 180. ¢ 4.8 7%.3 108. % .88 1.423 t1.6%7 136.8 T.4 .88
-1.427
10 7¢.7 42.4 37.3 4.8 .032 1.002 10,198 38,7 .8 T.284
0.012
11 .. 78.8 £2. 4 37.3 S4.8 8.153 0.87% 16.101 3s.» 5.8 7.278
" .0
12 T4.8 43.8 31.4 k.0 8.183 Q.9T4A 1e.101 34.0 i.8 T.278
' ~0.004
13 .3 as.2 25.1 s4.8 s8.140 C.980 10,101 34.4 .8 T.272
~0.004
AL} 7.2 4% .4 13.8 4.7 8.12% o.980 10.101 34.7 6. T7.2889
0,007 .
AL 3.3 50.8 12.8 85.0 2.074 1.011 10.101 38.1 4.3 T.281
~0.004
14 .2 3.0 6.2 $5. 1 8.034 1.032 10. 104 37.8 .8 T.288
~0.008
17 5%5.7 $5.7 .0 5.7 7.888 1.108 10.101 41.0 .. & 7.283
. =0.000
18 54.8 4.8 0.0 4.8 T.881 1.128 1c.101 3s.1 8.9 7.283
~3.000 -

L 1.4 52.4 0.0 52.4 7.307 1.147% 10,101 3.0 3.3 T.283



20
2t
22
23
24
2%
28
a7
28
29
30
n

$0.2
4.0
42.1
7.8
23,8
30.2
27.8
8.3
24.1
4.8
2.3
22.8
3.8

50.2
4s.0
42.1
37.0
31.8
0.2
27.a
25.2
z4.1
5.8
24.21
22.8

0.2
4.0
41.1
37.8
31.8
30.2
27.8
8.8
24 .1
24.8
24.3
2.8
23.8

T.T4E
T.718
T.712
T.608
T.603
T.884
T.084
7.882
T.580
T.888
7.589
7.830
T.588

1.177
t.182
1.184
31,203
1.208
1.208
1.20a
1.200
1.218
1.217
1.218%
1.238

1.288

10.10t
10,101
10.101
1¢.101
10,101
10.101
1o.1¢0%
10,101
to. 101
10,103
19.10t
to.101

10,101

32.8
7.2
22.8
1.7
19.1
20.8%
22.4
24.4
26.4
5.8
28.2
28.0
28.5%

5.3
§.2
5.2
8.2
.2
8.2
.2
§.2
$.2
.2
5.2
4.2

*0.000
=0,000
0,000
=0.000
=0.000
~0.000
©.0
-8,000
-0.000
*0.000
~9.000
~8.000

*0.000

T.283
7.283
T.283
T.252
7.283
7.283
7.283
T.283
7.283
7.283
T.283
7.283
7.283
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UNIYERSITY OF MANEITOBA
SO0IL MECHANRICS LABORATORY

SAMPLE HD, = T 710 {REMOULDED SAMPLE]

SAMPLE HEITGHT AFTER CUNSOLIDATION = 11.82% CENTIMETRES v
SAMPLE YOLUME AFTER CONSOLIDATION : B518.160 CUBIC CENFIMETRES
SAMPLE AREAR AFTER CONSOLIDATION s 43,834 SOQUARE CENTIMETRES

CORSTANT LOAD
PROYIHG RING FACTOR
P1STOH AREA

16.55 N .
1.2365 N ./DIYV H
5.9700 SQUARE CENTIMETRES

THITIAL DIAL READING ¢t 1599.280 DIVISIONS

SHEAR TEST RESULTS STFART 211283 END 2312383

COKSOLIDATED UNDRAINED TRIAXIAL TEST

PT TIME DisPL PRING PORE PER EFFECT EFFECT HALF DEVY EFFECT RATIC OF A
pratL olAL PRESS CERT S1GMAl SIGMAZ DEV STRESS ocT EFF SIGMA1
RDG RDG KPA PCSTRN KPA KPA STRESS KP& STRESS EFF SIFMA3Z
KPa KFA
t £821 15685.8 105.8 199.9 o.0 81.4 a0.2 .5 1.2 &80.B 1.0t5 .0
2 825 16598.0 106.0 187.0 9.02 84,4 93 .1 .6 1.3 83.5§ 1.0%% +225.73
k<] £31 1582. 8 110.0 133.8 0.06 98.7 96.3 1.2 2.4 87.% 1.028 “13.613
4 840 1586.2 122.8 184 .0 G.12 102 . & a6.1 3.t €.3 88.2 1.065 ~3.14
5 850 1682.6 i44.5 137.5 .15 104 .86 2.8 6.1 12.1 6.5 1.131 =1.14
6 200 1678.%5 163.¢ 190.8 o.18 106.9 29.3 a.8 17.8 5.2 i.187 “Q.586
7 918 1571.8 191.5 194 .0 .24 111.2 a5.8 12.7 25.4 94.3 1.2886 =Q.24
8 930 1664 .8 218.0 198.0 o.30 114.8 a82.0 16.4 2.8 2.9 1.400 ~0.08
g 945 1557.¢ 282.5 199.8 ©.36 113.7 a80.0 19.8 29.7 €3.2 1.486 -0.00
1¢ 1000 1564%.0 264.90 202,14 0.43 122.7 78.0 22.8 45.7 93.2 1.588 0.05
1t 1015 1540.0 286.¢ 204.3 o.51 127.3 75.5 25.8 51.8 2.8 1.8686 0.0%
12 io3o 1531. & 306.2 206.§ 0.58 i31.3 73.9 28.7 £7.4 3.0 1.797 0.1t
13 1045 1623.2 324.5 207.9 .65 134.4 71.89 at.3 62.5 2.7 1.870 0.13
14 f100 1514.2 352.5 209.2 9.72 i32.3 70.8 33.8 67.5 43.3 1.854 0.14
15 t118 1504.0 358.5 250.2 0.81 181.7 68.5 36.1 72.2 3.8 2.03% 0.15
H 18 130 1383.3 374.5 2t0.8 0.90 i45. 4 68 .1 8.2 76.3 94.5 2.105 0.15
H 17 E14&5 1482.8 I88.5 281.7 0.98 i48.4 68.2 0.1 80.2 a4.9 2.17% 0. 15
: 18 t200 1472.% 399.6 252.4 1.08 150.7 7.5 4t.6 3.2 5.2 2.232 ©.15
18 1218 1460. 8 408 .0 2t13.0 1.58 152.4 6&.6 a4z2.8 45.8 95.2 2.288 0.15
20 1230 1458.5 416.8 2584 .1 1.28 153.6 66 .8 43.8 47.8 a9%5. 1 2.336 .16
zt t245 1435.5 424.0 254.2 1.38 i55.4 65.7 44.8 89.7 895. 6 2.36% 0.1%
22 t300 1423.4 428 .2 2t4.7 1.48 156.0 65.2 45.3 80.8 85.5 2.383 .17
23 t315 1410.2 432.8 2t8.8 1.60 157.1 65 .1 46.0 8z2.¢ 85.8 2.414 0. 18
24 taz 1386.4 436.4 2$5.3 1.72 157.4& B4 .5 46.8 92.9 85.6§ 2.8430 .17
25 1345 1384.5 4383.5 2t5.8 1.82 157.7 64.0 46.8 93.7 95.2 2.463 .17
26 taoo 1370.% 452.0 2t6.5 1.94 157.5 3.3 a7.1 94.2 98.7 2.48% 0. 18
z7 1415 1356. 6 as4. .0 2t6.4 2.08 157.8 63.1 47.4 as.7 94 .7 2.501 0. 18
28 ta3e 1354a.4 456.4 287.3 2.16 157.7 62.5 a47.8 95.2 95.2 2.524 .18
29 1445 1330.0 447 .5 217.4 2.28 157.8 62.3 a7.7 95.5 98. 1 2.532 o.18
30 1500 1316.0 445 .7 2tT.6 2.40 158.1 62.2 A8.0C 95.9 94.2 2.542 .18
31 1520 1297.9 451.5 217.8 2.8% 158.4 62.2 38.1 86.2 94.3 2.547 .18
g 32 tsao 1280.4 453.5 217.7 2.7 £E58.1 62.5 48.3 86.6 9%.7 2.548 C. 18
i 33 tss59 1262.4 456 .2 2t7.7 2.35 15%.3 62.1 48.6 87.2 g4.5 2.5686 .15
H 343 1600 1282. 4 456.2 RELAXATION YESY
i 35 1 1:1-31 1260.5 455 .¢ RELAXATION TEST
: 36 igo2 1260.2 452 . ¢ RELAXATION TEST
Z 37 1604 1259 .7 443 .3 RELAXATION TEST
B 38 1608 1258 .4 455.0 RELAXATION TEST
: 38 t615 1257.0 438.5 RELAXATION TEST
30 1630 1256. 4 432.5 RELAXATION TEST
41 $650 1253. 4 426.0 RELAXATION TEST
a2 2127 1246. 8 405 .0 RELAXATION TEST
43 819 1240.0 374 .0 RELAXATIOMN TEST
aa B20C 1250.0 ara.o 207.8 3.04 146.89 T2.4 37.3 T4.5 87.2 2.02% O.ti
45 830 1236.6 387.0 198.9 3.07 181. 1t 80,3 40.4 a80.8 107.2 2.006 0.0
L3 a0 1232.86 418.8 200.6 3.11 166.3 79.8 43.4 86.7 1086.5 2.000 .01
a7 &850 1227 .9 437.0¢ 201.58 3.18 170.1 78.23 45.8 $1.7 108.0 2.170 0.02
48 soo 1222. 8 4%1.2 202.8 3.19 173.2 77.7 47.7 §5.5 109.5 2.229 0.03
a8 a1e 1216.3 462.5 203.3 3.2a 175.4 7.9 49.3 $8.5 108.7 2.281 o.03
50 az2¢ 1208.0 472.0 204 .1 3.31 177.2 TE.1 50.5 101.13 109.8 2.328 o.08&
51 930 1200.7 AT .2 204.7 3.38 177.8 75.5 5.2 102.4 108. 6 2.356 0.05
52 948 1t88.0 aga .2 205.8 3.48 178.6 T4.4 52.14 104 .2 108.1 2.400 0.06
53 tooo 1175.6 487 .2 209.3 3.5¢ 175.3 70.4 52.4 104 .9 105.4 2.490 0.10
54 1015 1t60.7 489.0 212.8 3.71 172.86 67.3 52.8B 105.3 102.8 2.564 .12
55 to3o 1148 .1 485 .8 215.8 3.82 170.9 65 .6 52.7 105.3 100.7 2.606 o.f4
-3 1050 1123.0 480.0 216.2 3.98 169.¢ 53.8 52.86 105.2 8.9 2,680 O.16
&7 t1o2 1t112.0 480.0 217.5 4.13 187.7 £2.6 52.8 105.1 $7.86 2.679 Q.17
58 t210 1055 .1 480.0 221.0 4.6t 163.7% 59.1 52.3 103.6 84.0 2.769 0.20
58 1315 995 .1 485 .2 223 .1 5.12 180.7 56.% 51.9 103.8 81.85 2.824 0.23 H
: 5 1402 942.8 488 .5 224 .1 5.5¢ 159.2 56.0 51.86 103.2 80.4 2.84a2 0.28
t i &t t505 8g3.2 488.5 225.8 6.01 187.t 54.5 5i.3 102.6 88.7 2.883 0.25
H 62 tEO0 850.0 488.5 226.8 6.39 165. 86 53.3 51.1 102.3 87.8 2.9%8 0.27
- 63 1650 790. 4 487.9 227 .1 6.85 154.5 53.0 50.8 tol1.8 a46.8 2.9t6 o.27
= 64 2222 3482.8 486.5 231.2 9.45 147.4 49 .14 48.2 48.3 al.9 3.003 0.32
: 65 03 -66.0 47%.5 232.8 14.08 139.% 47.5 45.8 21.6 78.0 2.92¢ 0.38
66 si1e -128.2 478.5 233.0 14 .82 138. ¢ 47.2 45.4 96.8 77.8 2.9¢%9 .37
67 gac -187.6 478.5 233.¢ 15.87 137.7 47.2 45.13 90.5 7.4 2.91%8 0.37
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UHIVERSITY OF MANITOBA
SDIL MECHANICS LABORATORY

SAMPLE NC. = T 710 (REMOULDED SAMPLE)
CONSOLIDATION AKIAL STRESS 80,00 KPA
PRECONSOLIDATION PRESSURE : 160.07 KPA
HORMALIZING STRESS :  160.07 KPA
NORMALIZED SHEAR TEST RESULTS START 211283 END 231283
PT PER NRML 2D EFFECT  HRMLZD RRMLZD
CENT HALF RATID oCcT CHANGE
: PCSTRH DEV SIGMAT  STRESS IN PWP
¢ STRESS SIGMAI  KPA KPa
. KPA
t 0.0 ©.008 1.015 ©.504 ©.0
2 0.02 o.004 1.014 o.5848 ~0.081
3 0.08 o.008 1.025 0.607 “o. 101
a o.12 0.020 1.085 0.613 <6.09%
5 0.15 ©.038 1,131 ©.503 -0.077
6 o.18 ©.055 1.187 ©.8595 -0.057
7 0.24 c.078 1.298 ©.583 ~©.037
8 0.30 ©.102 1.800 ©.581 ~0.012
3 0.38 ©.124 1.488 o.582 -0.001
10 0.43 ©.143 1.585 o.582 c.o14
" ©.58 ©.182 1.6886 o.580 ©.027
12 0.58 ©.179 1.777 ©.581 c.039
13 0.6 ©.185 1.870 ©.578 ©.050 )
: 14 .72 °.211 1.954 ©.583 c.058 =
15 ©.81 o.226 2.038 ¢.585 0.064 i
V6 ©.80 ©.2138 2.108 ©.891 ©.068
17 ©.98 ©.250 2.176 ©.593 0.074
8 1.08 ©.260 2.233 ©.595 ©.078
te 1.18 ©.268 2.288 ©.535 c.o82
20 1.28 ©.274 2.235 ©.594 c.o83
2] 1.39 ©.280 2.366 ©.597 o.08%
22 1.49 c.284 2.393 ©.586 0.082 :
23 1.60 ©.287 2.414 ©.588 ©.081 :
24 1.72 ©.280 2.450 ©.586 0.085
25 1.82 ©.283 2.463 ©.585 ©.088
26 V.84 0.294 2.489 ©.592 0.104
27 2.06 0.288 2.501 ©.581 0.103
28 2.18¢ ©.287 z.524 ©.589 c.108
i 29 2.28 6.298 2.832 0.588 °.109
10 2.20 ©.300 2.682 o.588 0. 111
: a1 2.55 ©.301 2.587 o.s88 o.112
32 2.70 ©.302 2.546 ©.582 o.111
33 2.85 6.304 2.566 ©.580 c.111
: aa 3.04 6.233 2.02% ©.807 ©.089
: as 32.07 ©.252 2.006 6.670 0.0
as a1t 0.271 2.080 ©.678 o.004

L3 5t ©.322 2.842 ¢.E8S ©.151
61 ot ©.321 2.883 ©.564 O.181
: B2 24 ¢.3149 2.918 ©.548 O. 168
H B3 85 0.317 2.91% ©.543 ©.170
LE ] 45 ¢.307 3.003 o.512 ©.196
S oS ¢.286 2.92% ¢.488 ©.204
56 62 ¢.284 2.91% 0.485 ©.207
87 a7 o.283 2.912 ¢.483 ©.207
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UNIVERSITY OF MAHRITOBA
SOIL MECHANICS LABDRATORY

SAMPLE HO. ¢ T 712 [REMOULDED
INFITIAL MOISTURE CONTENT

SPELCIFIC GRAVITY OF SODIL

INITIAL YOID RATIO

INITIAL HEIGHY DF SAMPLE

INITIAL YOLUME OF SAMPLE
EFFECTIVE PRINCIPAL STRESS RATIO
FINAL MOISTURE COMTENT

AMPLE)
4%.4 PERCENT
2.72

Hewwunwnn
»
w0
"

1.00
38.8 PERCENY

TX. CONSCLIDATION START 161183 END 11283
TRIAXIAL CONSOLIDATION TEST

PT BFFELT EFFECT STRAING VOLUME STRAIN3 EFFECT Q YOID v SHEAR
S1GMA1 SIGMAR - STRAIR P RATID STRAIH
i S0.28 25.00 ©.85¢ 1.804 0.477 33.42 25.22 1.254 2.253 0.248
2 57.80 28.80 1.072 2.183 0.545 38.53 28.80 1.246 2.248 0.362
3 66.52 31.80 1.8528 2.872 0.622 43.44 34.82 1.228 2.229 ©.67%
4 7E6.50 38.80 2.623 3.840 ©.858 49 .43 40,60 1.208 2.205 1.310
8 a87.80 R0.430 3.964 S.087 0.582 56.20 47.40 1.178 2.178 2.288
8 i01.02 47.00 5.500 6.689 0.584 B85 .01 S4.02 1.142 2.142 2.27%
? $16.06 E3.8565 6.540 8.038 ©.5989 74 .45 62.451 1.111 2.11% 4.161t I
-] i33.50 81.70 8.328 B.4556 0.5563 85.62 71.80 1.073 2.078 5.177 N
8 159 . 4889 73.80 10,436 11,60 ©.523 102.56 45.99 1.031 2,07t 6.642
10 78.75 37.00 9.730 10,209 0.240 51.25 42.75 1.061 2.06t 6,327
1 78.71 3T.00 9.380 10.27¢ o.180 51.24% 42.M 1.058% 2.089 6,487
12 74.00 3&.20 9.8%0 10.27¢ ©.190 50.12 35.480 1.059 2.068 6.AB7
13 £8.20 40. 80 9.885 10.270¢ Q.193 50.13 28.60 1.089 2.088 G.451
14 $4.10 42.70 9.885 10.27¢ Q.203 49 .82 21.40 1.089 2.0858 6.841
15 59.20 45 .00 9.826 10.27%70 0.222 49.73 14.20 1.088 2,088 6,402
16 654,20 47.20 9.781 10.270 0,240 49 .53 7.00 1.059 2.088 6,387
17 50.00 50.00 a.711 10.27¢ 0.280 50.00 ¢.0 1.089 2.088 5.287
18 50.20 50.20 8.682 10.270 0.294 50.20 0.0 1.058 2.088 8,258
19 50,40 50.40 9.633 1¢.270 ©0.319 50,480 ©.0 1.059 2.068 6.208
20 49 .40 49.480 8.600 1¢.270 ©.3235 48 .40 ©.0 1.058 2.068 E.177
21 48.70 48.70 8.582 1¢.270 0.358 48.7%0 ©.0 1.088 2.0E8 B.128
22 28,00 48.00 8.523 10.270 ©.374 48 .00 0.0 1.089 2.058 g.100
i 23 45.60 46.60 g.488 i10.270 0.388 45. 680 0.0 1.089 2.058 E.O0T74
) 24 45.70 46.%0 §.485 10.270 ©.388 46.70 ©.0 1.069 2.088 6E.0T71
b 2s 47.90 47.90 8.474 10.270 ©.3858 47 .80 ©.0 1,068 2.058 E.060
g 28 47.70 47.70 8.437 10.270 0.418 47.70 0.0 1.0859 2.088 E.014
27 47.8%0 57.80 8.308 10.270 ©.4235 47 .80 0.0 V1.08689 2.0568 £E.974
28 49,20 4%.20 8.362 10.270 0.458 48 .20 .0 1.069 2.058 6.928

SUMMARY OF ESSENTIAL RESULTS STOREDP IN FILE

PT SIGMAfF SIGMAZ STRALIN1 STRAIN3 ¥
1 50.28 25.00 0.850 ©.477 2.264
2 57.8¢ 28.90 1.072 0.548 2.246
3 86.52 35.90 1.62% ©o.622 2,228
4 76.80 36.90 2.622 ©.868 2.205
5 87.80 AC¢. 40 3.964% 0.682 2.178
& 101.02 47,00 5.500 0.584 2.142
T 116.06 53.65 6.840 0.589 2,111
] 133.580 61.70 8.32% ¢.563 2.078
9 159.88 T3.90 10.486 0.523 2.031 i
10 78.75 37.00 8.730 ¢.280 2.0861
11 79.71 37.00 8.880 <. 180 2.05%9
12 74,00 3s8.20 9.880 0.180 2.0598
13 6%.20 40.60 9.8885 ¢.183 2,059
14 64.10 42.70¢ $.8686 ¢.202 2,068 i
15 58,20 45.00 8.826 0.222 2.059 :
16 54.20 47.20 g.781 ©.240 2.088 H
: 17 50.00 50.00 .71 o.280 2.089
? 8 50.20 5¢.20 8.682 0.284 2.069 H
i9 50.40 50.40 8.632 0.318 2.0E9 i
1 2¢ 49 .40 48.40 g.800 0.335 2.088 i
H 21 33.70 38.70 9,562 . 358 2.089
22 43.00 48.00 8.523 0.374 2.089
23 46.B60 46, 60 8.498 0,388 2.059
24 46.70 46.70 9.4595 ©.388 2.05¢%
25 47.90 47.990 9.474 0.398 2.059
26 47 .70 at. 7% 8.427 0.418 2.0869
27 47 .80 47,80 9.398 0.438 2.069

28 48 .20 48 .20 9.382 0.459 2.059
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ENERGY CALCULATIONS

22 ENGIHNEERING STRAIN =sxs3

SAMPLE HO. =t T 712 EREMDULDED SAMPLE]}
TEST RESULTS START 151183 END 11283
PY EFFECT EFFECT BEY EFFECT AXTAL RADIAL VoL LSSY LSHY DELTA TOTAL
H SIGMA1 SIGMA3Z STRESS OCT STRAIN STRAIN STRAIN ENERGY ENERGY
! KPA KPA KPA STRESS % % % KPA % KN-M/¥YOL KN-M/vOL
H KPA
i
g 1 50.3 25.0 25.3 33.4 0.850 0.477 1.804 ¢.0 0.0 ¢.0
i ©.157 :
H 2 57.8 28.9 28.9 38.5 1.072 ©o.545 2.163 8.3 0.2 ©.157 -
©0.382 !
3 56.5 31.9 34.6 43.4 1.628 0.822 2.872 18.2 0.8 ¢.548
©.736
[} 76.6 35.8 40.86 ag8.3 2.623 0.658 3.840 30.4 1.8 t.285
1.028
H H 87.8 50,4 47.8 56.2 2.984 ©.562 5.087 33.4 3.1 2.313
1.478
3 10t.0 87.0 54.0 65.0 5.500 ©.584 6.6889 8.8 4.7 3.782
1.458
? 116.1 53.6 §2.4 74.5 6.840 ¢.589 8.038 77.3 6.0 5.251
t.818
[ 133.8 51.7 71.8 85.6 8.328 0.562 8.458 28.1 7.8 ?.088
3.108
9 158.89 3.8 8.0 102.6 10.488 ©0.523 11.531 t28.6 8.6 10.177
-1.220
io 8.8 7.0 42.8 1.3 9.730 0.240 10.208% 34.0 8.8 8.887
B ©.08B1
i X 78.7 37.0 42.7 1.2 9.8850 ©.180 10.270 5.0 8.0 8.088
i 0.0
| 12 74.0 8.2 5.8 50 .1 9.850 0.180 10.270 30.2 8.0 8.048
H ~0.002
: i3 £8.2 40.6 28.8 680.1 9.885 0.193 10.270 28.1 8.0 9.048
H ~0.005
T4 64.1 42.17 21.23 a4g9.8 9.885 0.203 10.270 28.86 8.0 9.041
H ~0.007
t5 59.2 45.0 14.2 48.7 9.8286 ©.222 10.270 28.7 8.0 8.034
0.004
15 54.2 47.2 7.0 48.5 8.781 0.240 10.270 31.6 8.9 - 8.031
-0.003
: 17 50.0 50.0 c.,0 50,0 8.711 0.280 10.270 35.4 8.9 8.028
i 0.0 !
i 18 50.2 50.2 o.¢ 50.2 9.882 0.294 10.270 35.8 8.8 g.028 :
o.0
19 50.4 0.4 °c.0 50.4 9.833 0.318 16.270 35.8 8.3 9.028
: o.¢
20 49.4 48.4 0.0 49 .4 9.800 ©0.33% 10.270 34.5 5.8 9.028
0.0
21 45.7 a48.7 c.o a48.7 8.552 ©.353 10.270 33.8 5.7 9.028
o.
22 48.0 48.0 °.0 48.0 9.523 ©.374 10.270 32.86 8.7 9.028
.0
23 85.86 46.% c.¢ 46,6 9.488 ©.386 10.270 30.8 &E.E 9.028
0.0
2a 45.7 a46.7 .o 46.7 9.485 0.388 10.270 30.9 5.6 9.028
0.0
28 47.9 a47.9 o.0 47.9 9.674 ©.398 10.270 32.5 8.6 9.028
0.0
26 £7.7 47.7 c.0 47.7 9.437 0.418 10.270 32.2 8.6 9.028
0.0 ‘
; 27 57.8 7.8 c.o a7.8 9.398 0.a38 10.270 32.3 8.6 9.028 ;
: .e 2

28 49.2 489 .2 c.o a9 .2 9.352 0.459 19.270 35.2 &.5 9.028
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ENERGY CALCULATIONS

TERE NATURAL STRAIN bbb
SAMPLE NO. = T 712 (REMOUELDED SAMPLE)
TEST RESULTS STARY 161183 EHD 11283
PT EFFECT EFFECY DEY EFFECT AXIAL RADIAL yoL LSSY LSHY BDELTA TOTAL
SIGMAT S1GMAZ STRESS OCET STRAIK STRAIN STRAIN ENERGY EHERGY
KPa KPA KPa STRESS % x % KPa % KH-M/YOL KH-M/VOL
KPA
t 50.32 25.0 25.3 33.3 0.854 9.483 1.820 0.0 .0 ¢.0
0.160
2 57.8 25.8% z8.9 33.3% 1.078 0.564 2.186 8.3 0.2 ©.180
©.400
3 6E.5 ar.s 34.6 43.4 1,642 0.636 2.914 18.9 0.8 L-2-1:1-]
©¢.757
4 7€.5 as.s 40.6 49 .4 2.8658 o.681 4.020 30.4 1.8 1.317
1.088
5 a7.8 40 .4 47.4 56.2 4.048 o.588 .21 43.4 3.2 2.385
1.582
6 1i01.0 ar.0 55.0 65 .0 5.857 °.632 6.923 58.65 4.8 3.847
1.563
? 116.1 §3.% E2.4 74.5 7.085 0.647 8.378 77.3 6.2 5.510
1.878
8 133.5 B1.7 1.8 &88.6 &.687 O.E18 9.832 g8.1 7.8 7.488
3.460
9 169.9 73.8 8E.0 102.8 11.077 o.587 12.282 128.8 10,2 10,938
1,384
10 79.8 37.0 42.8 51.3 10,228 ©.286 10.7868 34.0 9.4 8.578
o. 101
t 78.7 37.0 42.7 5.2 10. 418 0. 211 10.837 33.0 8.6 8.878
0.0
2 74.0 38.2 35.8 50.1 10.414 ¢.211 10.837 30.2 8.6 9.678
~0.002
i3 68 .2 4.6 28.6 50.1 10. 408 0.21%4 10.8137 28.1 9.8 8.6743
-%.008
14 843 .1 42.7 21.4 49 .8 12,356 9.225 10.837 28.8 9.5 9.668
-0.008
5 £9.2 45.0 14.2 48 .7 10,343 O.247 10.837 29.7 8.5 8.681
~0.004%
t6 64.2 47.2 7.0 49 .85 10,304 0.2856 19.837 3i.5 8.5 8.657
~0.003
7 E¢c.0 -3 ] 0.0 50.0 10,2158 o.381 19.837 36 .4 8.4 B.653
-0.000
t8 5¢.2 50.2 0.0 50.2 10,153 ©.327 10.837 36.8 ¢.3 8.653
-0.000
50.4 0.0 50.4 10.129 ¢.354 10.837 3.8 &.3 8.6E3
=0.000
20 49 .4 48.4 0.0 49 .4 10.083 ©¢.372 10.837 34.5 9.2 §.652
=0.000
21 48.7 48.7 0.9 48.7 10.038 ¢.39% 10.837 a3.56 8.2 8.853
~0.000
22 43.0 348.0 0.0 48.0 10. 007 0.4155 10.837 32.8 8.2 8.853
=0.000
23 46.86 46.6 0.0 46.6 $.979 0.429 19.837 30.8 8.1 8.653
=0.000
24 46.7 46.7 0.0 4.7 $.876 o¢.430 10.837 30.8 8.1 8.653
=Q.000
26 a7.9 47.9 0.0 47.8 %.853 0.442 10.837 32.5 9.1 8,663
-0 ,000
26 a7.7 347.7 0.0 47.7 $.913 0462 10.837 3z2.2 .1 8.663
=0, 000
27 37.8 47.8 0.0 47.8 &,86%9 e.484 10.837 32.3 5.0 8.663
=-0.000

23 49.2 49.2 Q.0 49 .2 g.818 a.508 10.837 343.2 9.0 8.683
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SAMPLE NO. = T 712 [REMOULDED SAMPLE)
SAMPLE HEIGHT AFTER CONSOLIDATION 11,383 CEHTIMETRES

SAMPLE YOLUME AFTER CONSOLIDATIOHN 505,860 CUBIC CENTVTIMETRES
SAMPLE AREA AFTER CONSDLIDATION s 44.525 SQUARE CENTIMETRES

CONSTANT LOAD 3 i6.49 N .
PROVING RING FACTOR s 1,235 N ./DIY
PISTON AREA = 5.0700 SQUARE CENTIMETRES

INITIAL DIAL READING 5 1807.00 DIYISEONS

SHEAR TEST RESULTS START 21282 END 41283

PT TIME DISPL PRING PDRE PER EFFECT EFFECT HALF DEY EFFECT RATIO OF A :
DEAL DIAL PRESS CENY SIGMA1 SIGMA3 DEY STRESS ocT EFF SI1cMaA1
RDG RDG KPA PCSTRN KPA KPA STRESS KPA STRESS EFF SIFMAZ
KPA KPA
~ 1 a54 1807.0 111.0 200.3 Q.0 82.4 79.8 1.3 2.8 80.7 1.033 0.0
2 s00 18045 . 1 118.2 196.4& 0.03 &8.4 §3.5 2.5 4.9 8% .1 1.059 -i.70
3 910 1300.5 141.0 197.0 ©.06 23,0 3.0 5.8 t1.9 88.7 1.132 ~0.450
4 820 1736.7 162.7 198.4 0.039 98.6 8t.6 8.8 17.0 87.3 1.208 -0.13
5 930 £782.4 1832. 4 200.2 ©.13 102.2 T9.3 11.2 22.48 87.3 1.28% =0.01
6 g40 1787.5 205.0 202.6 .17 106.1 17.8 14. 4 28,7 87.0 1.371%1 ©.09
7 850 83,1 224.0 204.4 o.21 109.68 15.6 17.0 34.0 86.8 1.450 ©.13
3 1000 i778.8 2258.9 206.0 ©.25 112.0 73.8 18.0 38.1 86.5 1.618 .18
9 1015 1771.23 265.8 208.6 o.31 116.8 71.3 22.8 45.5 86.5 1.638 0,18
10 1030 1763.2 280.4 210.8 ©.38 12%.4 69 .1 26.1 52.3 86.5 1.787 Q.21
11 1045 t754.9 312.5 213.5 0.46 124.7 65 .4 28.2 58.3 85.8 1.879 0.24
12 115 iI738.0 3s5.0 216.5 ©.61 133.1 63.1 3s.0 70.0 86.4 2,110 o.24
13 1130 1729.4 374.0 217.7 0.68 127.2 B2.0 37.86 75.2 87.1 2.213 0.24 i
14 11458 t714.5 383.8 218.4 ©.81 13¢.8 6C.3 40.2 80.5 87 .1 2.335 0.25 &
18 1200 t7T10.0 407.5 21¢.7 0,85 183.8 69.3 42.1 84.3 97.4 z2.218 0.13
16 1216 t598.3 422 .1 208.7 ¢,98% 1E8.4 T¢.2 44,1 88.2 9.6 2.258 o.11
17 1240 1681.7 455.8 208.3 1.10 164.1 7¢.6 46.7 82.5 101.8 2.32a o.10
18 1300 t565.7 457.0 208.3 1.24 167.8 70.4 42.8 87.5 102.9 2.385 0.089
12 1320 t660.0 468.7 208 .2 1.38 17t.2 T7¢.6 50.3 100.6 104 .1 2.4825 6.08
Z 20 1333 t6a0.1 473.8 208.7 1.47 172.9 T71.0 §1.0 101.8 105.0 2.425 0.08
b 21 1402 t1816.2 483.8 208.90 1.63 176.0 T1.86 52.2 04,8 106.4 2.487 0.08
3 22 1430 15814 .1 48¢.9 208.2 1.90 177.85 TL. 4 3.1 106.1 106.8 2.487 o.08
23 1812 t552.86 4398.0 208.3 2.24 178.2 Tt.5 53.8 107.7 107 .4 2.508 0.08
24 1530 1526.9 50¢. 86 208.2 .37 178. 6 T1.4 54.1 108.2 107.5 2.516 0.08
25 1800 t509.0 504.0 208.,2 2.82 18¢.65 Tt.86 64.4 103.9 107.9 2.521% 0.07
28 1630 1481 .4 508.2 208.2 2.85 18t.3 Tt.8 54.¢ t08.8 108.1 2.5325 .07
27 1855 1458 .1 S1t.2 208.4 3.08 181.5 T1.2 55.2 t10.3 t0g.0 2.550 o.08
28 1859 14564.7 51%.2 208 .4 3.08 181.4 T1.1 56.2 t10.3 107.8 2.882 0.08 i
28 17co 1454 .7 S1+.2 RELAXATION TEST :
30 1701 1463.5 508.0 RELAXATION TEST
31 1702 1483.0 507.2 RELAXATION TEST
32 1704 1452,2 504.86 RELAXATION TEST
33 1708 14a50.9 249%.3 RELAXATION TEST
34 1715 1448 .1 492.2 RELAXATIOK TEST
35 1730 1446.85 482.7 RELAXATION TEST
36 2029 1436.0 443.2 RELAXATION TESY
37 g0 taz4.0 396.0 RELAXATION TEST
33 830 1424.0 385.0 182 .1 2.38 176.7 $7.9 39.4 78.8 124.2 1.806 ~0.24
33 84¢ 1420.8 415.2 178 .2 3.39 186.0 101.8 42.1 84.2 129.9 1.827 -0.27
40 850 1317.¢0 438.1 178 .6 3.43 181. 8 101.3 35 .1 0.3 314 1.881 ~0.285
a1 1000 1212.8 488.1 178 .2 2.48 196.3 100.7 47.8 95.86 132.6 1.95¢ ~0.23
42 1015 1408.0 483.9 180.7 3.52 201.7 $9.2 51.2 102.5 133.4 2.023 =0.20
RO 43 1830 1287.86 506.3 182 .4 3.60 205.9 97.5 54.2 108.4 132.6 z.112 ~0.17
: 44 1045 1387.4 523.8 1848.0 3.69 208.8 95.3 56.5 113.0 133.5 2.179 =0.15
45 1100 1276.5 837.¢0 185.3 3.78 21t.0 %4.6 58.2 116.4 t33.4 2.230 =9.12
45 1115 1265.2 545.8 186.4 3.88 21t.9 33.3 59.3 t18.6 t32.8 2.272 =0.12
47 1130 1363.2 562.2 187.3 3.99 212.8 92.4 0.1 t20.2 t32.5 2,301 =0.11
438 1148 1339.2 567.0 188.2 4.1 212.8 81.5 80.7 121.3 13§ .8 2.328% -0.10
49 1200 1327.0 550.1 188.3 4.22 212.7 3$0.7 1.0 122. ¢ ia1.4 2.345 -0.10
50 1230 1300.3 564.2 190.0 4.45 212.85 88.7 61.4 122.8 fac.6 2.368 ~0.08
B1 1300 1271.7 558.0 181.4 4.70 212.0 88.5 1.7 123.5 129.7 2.385 -0.07
52 1400 1215.8 594.2 183.3 S$.19 211.2 86,7 §2.2 128.5 i28.2 2.4328 ~0.06
83 1500 1162.4 E78.0 185.0 5.68 209.8 85 .0 §2.4 124.8 £26.6 2.368 ~0.04
54 1801 1106.5 582.8 196.1 6.15 208.2 83.7 2.7 125. % §25.5 2.4558 -0.03
56 1700 1051.8 587.4 186.7 6.63 208.0 &3.0 63.0 126.0 125.0 2.518 -0.02
56 1809 98314 595. 1% 197.1 T.18 210. % 82.8 §3.8% 127.3 £25.2 2.537 ~0.03
57 [R:2-2] 941.6 589.5 187.8 7T.60 208.7 81.9 63.9 127.8 t24.5 2.5861 “0.02
H 58 818 154.2 663.4 187.0 14.62 218.8 43.8 6E.7 133.2 127.8 2.587 =0.03 ;
H 59 855 121.5 687.9 193.5 14.81 220.7 6.7 7.0 134.0 131.4 2.545 -0.05 H
i 60 o019 98.0 670.3 192.7 15.00 221.¢ 7.3 B7.1 134.2 t32.1 2.538 -0.06 :
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SAMPLE NO. = T T12 {REMOULDED SAMPLE)
CONSOLIDATION AXIAL STRESS : 80.00 KPA
PRECONSOLIDATION PRESSURE = 158.88 KPA
NORMALIZING STRESS = 158.89 KPA
NORMALIZED SHEAR TEST RESULTS START 21283 END 41283
PT PER NRML2D EFFECTY NRML2D MRML 2D
CENT HALF RATIO ocT CHAKGE
: PCSTRN DEY SIGMA1 STRESS T PWP
B STRESS SEGMA3 KPA KPA
i KPA
i 1 0.0 0.008 1.033 0.505 6.0
2 ©.03 0.01E 1.059 ©.533 -0.024
3 ©.06 0.034 1.132 0.542 ~0.021
5 ©.03 0,053 1.208 ©.546 -~0.012
H 0.13 0.c70 1.28t ©.545 ~0.001
6 o.17 0.080 1.37T¢ 0.544 0.014
ki 0.21 0.106 1.480 0.543 ©.026
8 ©.28 0.119 1.515 0.542 ©.036
9 0.31 0. 142 1.638 0.541 0.052
Vo ©.38 0.163 1.757 0.541 ©.066
11 G.46 0.182 1.878 0.5637 ©.083
12 ©.61 0.219 2.11¢0 ©.581 0.101
i3 ©.68 0,235 2.213 ©.545 o.109
1] c.81 0.252 2,335 0.545 0.119
- ts ©.85 ©.263 2.218 ©.509 ©.065
+6 ©.895 o.278 2.256 0.623 0.059
£ 1.10 o.292 2.324 ©.636 ©.056
P8 t.24 o.308 2.385 0.644 ©0.056
; 19 1.38 0.315 2.425 0.651 ©.058
i 20 L.a7 0.219 2.4728 0.887 0.053
H 21 1.68 0.326 2.457 ©._885 0.048
22 +.90 0.332 2.487 o.868 o.0a89
23 2.28 ©.337 2.508 ©.872 0.050
24 2.37 0.338 2.518 0.672 ©.050
25 2.52 0.340 Z2.52% 0.875 0.048
25 2.85 0.343 2.535 ©.B76 0.049
£ 27 3.06 0.345 2.55¢ ©.675 0.051
28 2.09 0.345 2.552 0.ET5 0.051 4
3s 3.136 0.248 1.805 °0.777 0. 114
: 3y 3.39 0,263 1.827 0.812 -0.138
40 3.42 o.282 1.881 0.B22 -0.138
a1 3.48 o.299 1.950 0.829 ~0.132
42 3.52 ©0.320 z.033 o.834 -0.123
a3 3.60 0.339 z.112 0.836 -0 152 3
44 3.69 0.353 2.179 0,835 -0, 102
as 2.78 0.364 2.230 ©.834 -0.094
46 3.88 0.371 2.272 o.831 -0.087
aT 3.89 ©.376 z.301 0.829 -0.081
a8 411 ©.379 2.328 0.825 -0.076
4g 4.22 0.382 2.345 0.822 -0.071
50 5.45 o.384 2.368 0.817 -0.064
51 4.70 0.386 2.385 o.811 -0.0586
52 5.18 0.389 2.436 0,802 -0.0a88
53 5.66 o.390 z.4858 0.792 -0.033 i
54 6.15 0.382 z.489 0.765 -0.026 :
55 6.63 0.394 2.518 0.782 ~0.023 H
56 7.18 o.398 z.537 0.783 -0.020
57 7.60 o.400 2,561 0.779 -D.0KB
58 i5.52 0.517 2.5387 0.800 -0.021
55 V.81 o.419 2.545 o.822 ~0.043
60 i5.00 ©.420 2.528 ©.825 ~0.048
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SAMPLE HG. =* T 714 {REMOULDED SAMPLE)
INITIAL MDISTURE CONTENT 2 46.5 PERCENT
SPECIFIC GRAVITY OF SOIL = 2.73 :
IHITIAL ¥OID RAYID 2 1.271
INITIAL HEIGHY OF SAMPLE 3 12.88 CM
INITIAL YOLUME OF SAMPLE = 592,26 CC
EFFECYIYE PRINCIPAL STRESS RAYID = 1.00
FIHAL MDISTURE CONTENT = 38.5 PERCENTY
; TX. CONSOLIDATION START 131283 END o184
j TRIAXIAL CONSOLIDATION TEST
PT EFFECT EFFECT STRAIR1 YOLUME STRAEIN3 EFFECT Q yolp v SHEAR
SIGMA1L SIGMAZ STRAIN P RATID S5TRAIN
1 60. 0% 26.590 i.133 1.548 ©.208 34.38 23.54 1.235 2,238 ¢.B18
2 57.62 30.5¢0 i.317 ¥.,832 0.258 38.54 27.12 1.229 2.229 0.7086
3 66.33 35.1¢ i.6248 2,381 0.378 45 .51 31.22 1.216 2.218 ¢. 830
4 7E.30 40.30 2.13% 3.148 0.508 52.37 35.90 1.198 2.199 1.084
5 87.88 46 .60 2.782 4.0886 ©¢.662 60.28 41.33 t.178 2.178 1.400
] io1.11 53.E60 3.886 E.388 6.750 6%.37 47.61 1,148 2.148 2.081
7 t18.23 61.60 5.082 6.686 o.817 79 .83 54,68 1.119 2.119 2.822
8 133.91 70.8¢ 5.322 8.206 0.8482 81.80 B3 .01 1.084 2.084 3.587
9 180.900 84.80 8.005 g.911 ©.854 108 .87 78.20 1.048 2.045 4.700 i
. 10 79.73 42.40 T.231 8.518 C.644 54.84 37.32 1.077 2.077 4.382
! t 79 .68 42.49 7.329 8.4786 ©.574 54.832 37.28 1.078 2.078 4.504
o 12 76.30 44 .80 7.329 8.376 °.574 $5.37 31.580 1.078 2.078 4.504
H 13 13.10 45 .00 7.324 8.476 0.578 56.37 2. 10 1.078 2.078 4.499
! 15 §8.20 50.30 7.301 8.476 0.587 56.67 18.80 1.078 2.078 4.4786
15 65.10 52.60 7.2689 8.4786 C.604 56.77 12.%0 1.078 2.078 4.843
18 81.20 55.00 T.221 8.4786 ©.627 $7.07 6,20 1.078 2.078 4,395
17 57.20 57.20 T.146 &.476 0.665 57.20 0.0 1.078 z2.078 4.320
18 53.80 53.80 7.108 &.4786 0.685 £3.80 0.0 1.078 2.078 4.280
18 54.850 54 .60 F.088 &.4786 ©.708 54 .50 0.0 1.078 2.078 4.238
29 56.30 56.30 7.038 8.4786 ©.720 56.30 0.0 1.078 2.078 4.211
21 56.80 S5E.8¢0 7.007 8.478 ©.735 56.80 0.0 1.078 2.078 4,182
H 22 E6.60 56. 690 6.978 8.4786 ¢.750 56.80 0.0 1.078 2.078 4.151
¥ 23 55.80 54 .60 E.8E63 8.478 ¢.761 54.60 .0 1.078 2.078 5.128
2 25 BE .00 55.00 6.9689 8.476 ©.758 55.00 .0 1.078 2.078 4.134
¥ 25 55.10 55.10 6.5831 8.4786 ¢.772 55.10 0.0 1.078 2.078 4.105
H 26 56. 10 55.10 &.902 8.478 ©.787 §5. 10 0.0 1,078 2.078 4.077
27 53,80 54.80 6.888 8.276 ©.804 54.80 0.0 1.078 2.078 4.042
28 53.80 53.80 B.718 8.476 ©.879 52.480 0.0 1.078 2,078 3.883
29 47.50 47.80 E.E618B 8.476 ©.930 47 .50 0.0 1.078 2.078 3.780
30 42.70 42.70 6.508 &.476 0.8984 42.70 Q.0 1.078 2.078 3.683
31 40.80 40.80 6.427 &.476 1.0248 40.80 0.0 1.078 z.072 3.6802
32 33.80 38.80 E.388 &.476 t.05% 38.80 0.0 1.078 2.078 3.833 <
33 37.40 37.30 E.306 8.476 t.085 37.40 0.0 t.078 2.078 3.481 f
34 33.80 34.80 &.235 &8.476 t.120 34.80 .0 1.078 2.078 3.410
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SUMMARY OF ESSENTIAL RESULTS STORED I FILE

PT  BIGKAT $10MAY STRAINY BTRAINI ¥
1 1. 133 0,208 2.238
2 1.317 C.288 2.218
a 1,824 0.278 2.218
. 2.134 ©.803 2.198
| 5 2.782 ©.882 2.178
] [ 3.888 2.148
i ¥ 5.082 2.119
i [ $.322 2.084
i . 8.004 2.048
89 to 7,331 2.077
i 1 7.328 1.078
! 12 7.328 2.078
13 1.324 2.078
14 7.301 2.078
13 7.288 2.072
18 T.221 2.078
7 T.148 2.078
te 2.078
1 2.078
20 2.078
21 2.07s
22 2.078
23 2.078
24 2.078
28 z2.078
28 2.078
27 2,078
28 2.078
29 2.078
i 20 2.078
3% 40.80 2.078
12 38.80 2.078
33 37.40 2.078
34 34,00 1.120 2.078
UNIVERSITY OF MANMITOBNA
SO0IL MECHANICS LABDRATORY
ENERGY CALCULATIONS
*ses ENGINERRING STRAIN esse
i BAMPLE HO. » T 714 (REMOULDED SAMPLE]
TEST AERULTS ETART 131283 L 11} 30ta4
T EFFECT EFFECT bey EFFECT  AX1AL RADIAL . VoL LEsYV LERY CELTA TOTAL
SIGMAT SIGMAS STRESS OCT STAAIN STRAIN STRAIN ENERGY ENERGY
KPa KPA KPaA STRESS % % x KPA * KN-M/¥OL KN-M/VOL
KPA
1 $0.0 20.% 21.8 3.3 1.133 o.108 t.848 c.e 0.0 0.0
©.128
2 7.8 30.8 27.1 39.8 1.317 °.258 1.832 5.5 0.2 o.128
©.270
3 8.3 38.1 3t.2 45.8 1.8624 ©.378 2.381 20.3  0.§ ©c.388
0.48%
L} 78.3 40,8 as.s 52.4 2.134 c.508 Z.149 3z.8 (] o.a88
¢.080
s 87.9 as.3 s1.8 0.3 2.782 o.882 4.088 47.2 1.8 1.8508
1.180
: ] 101.1 3.8 47,8 [ T 3.588 °.780 $.388 3.8 2.0 2.889
1.3484
{ 7 t1e.3 1.8 4.7 7.8 5.082 o.817 6. 888 52.8 4.0 4.004 B
H 1,784
: ] 133.9 T0.9 3.0 .9 8.322 o.842 s.208 to4. 8 5.3 5.788
2.480
¢ 180.0 [T ] 78.2 tos.9 2.004 o.884 s.81t 137.4 7.0 s.248
-1.321
to 9.7 42.8 27.3 4.8 T.231% o.844 s.818 37.2 5.1 s.927
©.0t8
1 8.7 42.4 37.3 4.8 7.329 0.574 .47 37.2 5.2 .48
0.0
12 Te.3 . &40 31.4 $5.4 7.328 0.574 5,478 37.0 .2 B.vas
~0.001
13 731 48.0 28.1 55. 4 T.324 ©.87% 5.478 3.2 5.2 S.044
-0.008
14 $e.2 0.4 8.8 5.7 7.301 0.887 8.478 35.9 .2 .91
-0.008
113 5.1 s2.8 12.8 8.8 T.208 o, 804 5.478 3.8 8.2 5.034
“0.004
19 §1.2 85.0 .2 §7.1 T.221 o.827 .47 41.8 5.t 5.830
0,002
17 7.2 8T.2 0.0 7.2 T.1488 o.888 8.478 4.0 8.0 .921
: 0.0
18 .8 53.3 c.0 E3.8 T.t08 0.688 .48 3.8 5.0 s.e27
0.0

19 4.5 4.8 .0 4.8 7.088 0.708 5.478 9.8 8.0 5.927
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20 6.3 5.3 e.0 5.3 T.038 0.720 8.478 42.8 .0 °-e 5.927
’ 21 ss. ¢ 5.8 .0 5.0 T.007 0.738 8.478 43.8 5.0 e-° 5.927
22 8.8 8.8 0.0 8.6 1.878  0.780 8.478 43.1 5.0 e-° 5.927
23 4.8 4.8 0.0 548 5.983  o.781 8,478 40.0 E.® °-e 5.927 !
; 24 8.0 5.0 0.0 5.0 s.080 o.788 8.478 40.4 [ 39 e-e 5.827
28 9.1 $5. 1 °.0 58,1 8.931% 0.773 5.478 40.8 5.0 °-e s.827
E 28 (1} 5.1 0.0 s s.902 ©.7a7 5.478 40.8 s.8 - s.827
! 27 4.8 4.8 .0 s4.8 5.888 o©.a04 s.478 40,3 .8 °-e s.927
28 $3.8 53.8 9.0 $3.8 5.718 o.a78  s.a7 8.8 5.7 °-° .. 827
20 47.8 7.8 °.0 47.8 5.818 ©.830 .47 280.8 5.8 e-° s.927
: 30 2.7 42.7 .0 “z.7 5.8508 O.084 8.478 248.1 5.8 °-° ..027
; 31 0.8 “c.s °.0 40.8 8.427 1.024 5.478 22.2 5.4 To-000 ..927
a2 8.8 3e.8 ° 38.8 5.358 1.089 a.478 20.7 5.4 ©-009 .. 027
33 37,4 7.4 0.0 7.4 5.308 t.088 8.478 19.0 5.3 °-° 5.027
24 34.9 34.9 °.0 I4.0 5.238 1.120 8.478 19.2 8.3 Te-000 5.7
UMIVERSSTY OF WMANITOBA
SOJL HECHANICS LABORATORY .
ENERGY CALCULATIONS
LTTTY KATURAL STRAIN szex . :
SAMPLE NO. = T Ti4 (REMOULDED SAMPLE]
TEST RESULTS START 131283 EMD 30104
rr EFFECT  EFFECT BEY EFPECT AX1AL RADIAL YoL LSSV LENY OELTA TOTAL
SIGMA1 S1GMA3 . STRESS O0CY ETRAIN STRAIN  STRAIN ENERGY ENERGY v
KPA KPa KPA STRESS % % % KPA % KN -HM/Y0L KN-M/VOL
KPra
] 50.0 28.8 3.8 34.3 t.150 ©.209 1.587 0.0 0.0 0.0
2 1.8 1.8 27.1 38.8 1.328 &.282 1,848 .8 0.2 e-130 0. 130
: 3 4.3 5.1 31.2 45,8 1.837 o.388 2.408 20.3  o.8 o-378 ©.408
L} 78.3 40.4 35.¢ 2.4 2.18T ©0.821 3.200 12.8 1.1 o-473 o.8TH
: | s7.9 as.¥ 41.4 0.3 2.801 o.888 4.172 47.2 1.8 o-em 1.548
; ] 1011 3.8 a7.8 9.4 3.085 o.788  §.837 $3.38 2.9 '-a00 2.7a8 g;
§ 7 118.3 1.8 $4.7 7e.8 s.184 o.888 5.920 2.8 4.2 1420 4. 188 :
: s 133.9 Te. 3.0 81,9 5. ¥31 t.o18 8.582 104.8 5.5 1-ase s.050
® 180.0 s4.8 7%.2 tos. 3.343 1.047 10,437 137.4 7.3 2Tz 8.781
1} ™.7 42.4 37.3 (T 7.508  O.88% s.803 7.2 [} e T.318
1 .7 42.4 7.3 4.8 7.811 0.823 5.887 7.2 [ 39 4 °.020 7.334
12 78.3 A48 31.4 55.4 T.811 o.821 s.887 3T.0 5.8 °-e 7.334
13 73.14 8.0 28.1 5.4 7.608 ©.825 - 4.887 38.2 [N Te-oot 7.3313
14 8.2 0.4 ts.8 8.7 7.881% 0.638 s.8E7 8.8 5.8 Te-oo8 7.3127 ;
113 88,1 1.8 12.8 8.8 7.8488  O.8EE s.887 38.9 5.4 "o oot 7.322 %
-0.008 !
18 81,2 5.0 5.2 BT, T.498 o.8681 5.887 1.8 [ 7.317
7 7.2 §7.2 0.0 §7.2 T.418 0,722 3.887 44.0 5.3 Te.o01 7.318 l
ts 1.8 531.8 0.0 E3.8 7.371 0,743 8.887 38.8 s.3 .:'::: 7.318

A1) 84.8 4.5 o.0 B4.8 T.327 ©.788 8.887 9.8 6.2 T.218

|
[



20
an
22
2y
24
2%
28
27
28
28
30

3t
32
ay
34

88.3
5.2
8.8
4.8
5.0
s .1
58,1
S4.8
3.8
47.6
42.7
4C.8
38.8
37.4
34.9

5.3
5.
4.0
4.8
5.0
L1 |
8.1
k4.8
3.8
47.8
2.7
40.8
as.8
7.4

¢, 0

0.0

0.3
E5.9
6.0
4.8
8.0
$E.t
8.1
4.8
$3.8
47.8
42.7
40.8
3.
37.4

4.9

T.208
T.288
T.231
T.207
7.2%2
7T.183
T.182
T.118
.18
S.848
£.72¢
§.643
4.670
.51
§.433

0.780
.78
C.a13
C.82%
o.822
¢.837
o.882
o.8M
©.8819
1.008
1.084
t.107
1.144
1.171

t.208

S.887
4,887
5.887
2.887
8,087
5.887
5.887
$.887%
5.887
4.887
8.887
4.087
5.887
5.887
8.887

2.8
431.8
43.1
40.0
40.3
40.8
4£0.8
40.3
J8.8
29.8
24 .1
22.2
20.7
19.9

1.2

8.2

.t
.1
5.1
5.1
8.0
L 3 2
5.8
.7
E.B
5.8
5.8

=0.000
-0.000
«0,000
=0.000
0,000
*0.000
=0.000
~0.000
-0.000
“0.000
«0.G00
=% .800
-0.000
«0.000

~0.000

7.318%
T.318
7.318%
7.3i8
7.31t8
7.318
7.318
7.318
T.318
T.31%
7.31%8
7.318
7.318
7.318
Y.318
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UNIVERSITY OF MANITOBA
SO0IL MECHAMNICS LABORATORY

SAMPLE NO. = T 714 {REMOULDED SAMPLE]}
SAMPLE HEIGHT AFTER CONSOLIDATION = 12.136 CERTIMETRES
SAMPLE VYOLUME AFTER CONSOLIDATIGN = S534.256 CUBIC CENTIMETRES
SAMPLE AREA AFTER CONSOELIDATION 3 844.022 SQUARE CENTIMETRES
CONSTANT L0AD 3 1.42 N .
PROYIKRG RING FACTOR ] 1.0225 N ./DI1V
PISTOH AREA s 2.8500 SQUARE CENTIMETRES
INITIAL DialL READING s 1249.20 DIYISIORS
SHEAR TESTYT RESULTS START 40184 END ECc184
COHNSOLIDATED URDRAINED TRIAXIAL TEST
PT TIME DISPL PRING PORE PER EFFECT EFFECT
DIAL DIAL PRESS CENT SIGMAT SIGHMA3
RDG RDG KPA PCSTRN KPA KPA
i 210 1248 .2 T4.8 200.0 o.0 81.8 0.0
2 820 t244.6 75.8 201.1 0.086 81.3 79.2
3 &30 t222.4 75.8 201.3 ©.14 81.1 79.¢
4 a4s t225.2 t03.2 2031.9 ¢.20 84.8 76.2
5 300 t220.2 t3s.o 207.9 ¢.24 83.0 T2.5
6 917 t213.0 175.5 212.1 ¢.30 93.3 68.2
T 830 1205.0 195.5 214.8 o.38 85.8 65 .6
& 987 t1s8.0 225.5 218.0 ©.42 9.0 62.3
-4 1000 1188.7 246.2 220.0 .48 101.7 60.3
1o 1018 1182.8 266.5 221.9 ©.55 104.3 58.2
1t ic3o 1173.5 286.5 224 .0 .62 107.2 56.5
12 1055 1164.8 305.0 225.5 .68 108.7 54.8
13 1100 1154.8 322.4 227.0 ¢.78 112.3 53.4
t4 1118 1144.6 3398.0 2286.4 ©.86 114.8 52.0
15 1130 1134.23 353.8 229.3 ¢.85 116.8 50.9
1% 1155 1127.0 37¢.8 230.5 t.01 118.6 38 .8
17 tz00 1116.4 38¢.0 23t.3 1.08 120. 8 48.9
ia 1215 1105.2 332.5 23t.8 1.18 123.90 48.3
19 1230 1091.2 402.2 232.4 t.30 124.7 47.8
20 1248 10a3.0 41¢.8 233.14 1.37 125.9 47.2
21 1301 1071.9 418.4 233.3 1.486 127 .4 47.0
22 1314 1056.8 421.0 233.3 1.58 127, 8 46.9
23 1322 1041.85 428.8 233.7 1.71 128 .0 46. 4
24 1345 1030.0 432.0 233.9 1.81 129.6 46.3
25 1400 1010.4 435.0 233.8 1.87 129 .% 46.3
26 1419 983.65 440.0 234.2 2.1 130.6 45 .8
27 1442 972.3 &42.1 234.1 2.28 i30.% 45.7
238 152§ $32.9 448.5 234.7 2.61 121.4 45.1
29 1603 900.2 455.9 235.9 2.88 $132.7 44.8
30 1610 893.2 455.9 234.8 2.93 132.5% 4%5.0
as 161¢ 893 . ¢ 3463.2 RELAXKATION TEST
32 1612 892.8 452.0 RELAKATION TEST
33 1614 892.2 44%.5 RELAXATION TEST
34 1618 890.8 3443.4 RELANATION TEST
35 1625 890.0 439.2 RELAXATION TEST
36 1635 888.9 434.5 RELAXATION TEST
37 1650 887.9 429.8 RELAXATION TEST
as 1720 8B6. ¥ 424.3 RELAXAYION TEST
3g 830 875.8 38¢. 0 RELAXATION TEST
40 836 875.8 390.8 23%.4 3.08 117.8 4%.0
4t 845 873.5 412.¢ 237.¢ 3.10 t26.2 43.%
42 00 867.8 431.3 238.6 3.14 126,23 a42.1
43 9186 858.2 455.5 238 .1 3.22 t29 .1 a41.3
44 934 840.8 4E3.2 238.0 3.37 21 a42.2
45 945 a3e. ¢ 861.0 238.0 3.488 120.86 42.2
45 1000 at4.0 459.4 237.5% 3.59 t30.4 42.8
a7 1020 783.3 4E2. 6 237.7 3.76 13t.0 42.8
a8 1040 776.4 463.0 237.5 3.80 t30.8 42.%
48 1100 75%.5 AB3.0 237.5 4.04 130.8 42.%
50 1120 740.5 4BO.5 237.8 4.19 1301 42.5
s1 201 702.2 A459.4 238.2 4.51 129 .4 a2.4&
52 1230 674 .4 458 .3 238.1 4.74 128.9 42.3
€3 1303 641.8 457.8 238.5 5.00 128.3 4z.1
S& 133¢ 6184 457.6 23%.7 5.20 127.8% 41.6
55 1400 582.6 458.2 239.3 5.41 127.7 a1.8
56 1509 5258.9¢ 450.3 239.7 5.93 t27.1 41.2
57 1727 383.7 458.4 2480.8 T.08 124.7 q0.3
&8 330 ~460.8 460.¢ 242.7 14.08% 116.1 371.7
58 908 ~487.3 456.5 2582.5 t4.39 115.3 37.8
6O -¥4] ~512.0 455.0 242.7 ta.51 114.9 371.7

HALF
DEY
STRES
KPA

»
-

w
POOUARNWSELPOBOUWBONUW - JWEOANNOOW

»
ry
NEBERWNNORNA =0

s

DEY EFFECT RATIO OF a8
STRESS ocT EFF SIGMA1
KPA STRESS EFF SIFMA3
KPA
1.8 80. 8 1.023 0.0
2.t 78.49 1.026 §.20
2.t T8.7 1.026 6.19
8.3 78.0 i.110 .59
16.5 78.0 .227 .54
25.1 76.86 1.369 .52
29.8 75.§6 §.454 .52
35.7 75.5 i.589 ©.52
ai.4& 75,1 F.687 0.8
45.1 3.8 1.782 0.48
50.7 ¥3.4 1.887 ¢.49
54.9 73.1 2.002 o.38
58.9 73.0 2.102 0,37
62.6 72.9 2.205 o.37
65.% 72.8 2.285%5 0.45
8g.8 73.1 2.302 .45
T1.8 72.8 2.471 .45
74.7 7%.2 2.5587 o.443
76.9 3.3 2.808 .43
78.7 3.4 2.8687 ©.433
80.4 73.8 2.712 .42
80.9 73.8 2.728 0.42
82.6 73.8 2.781 0.a2
3.3 4.t 2.798 0.42
83.6 74,2 2.808 0.4t
85.8 74.1 2.852 0.4t
858.2 74.1 2.864 0.41
86.3 73.8 2.818 Q.41
87.8 74.2 2.958% 0.41
87.5 Ta .2 2.934 0.41
72.9 6%.3 2.821 %.50
7.7 6% .4 2.788% 0.48
84.2 70.2 3.c00 ©.47
87.3 T0.8 3.C88 0.48
88.9 71.8 3.108 0.44
38.4 T1.7 3.094 0.44
37.8% 71.8 3.068 0.484
s88.23 72.1 3.076 0.44
88.4 T2.0 3.081 0.43
8.2 T1.8 3.e78 0.43
87.8 T1.7 3.081 0.424
27.0 T1.4 3.053 0.4s
86.6 T1.2 3.047 0.45
86.2 70.8 3.048 0.46
246.90 70.3 3.058 0.46
86.2 70.2 3.076 0.47
85.9 §58.8 3.085 0.47
84.43 8.5 3.998% 0.48
78.4 3.8 3.080 0.56
77.5 3.6 3.049 0.686
7.0 3.4 3.944 0.67
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UHIYERSETY OF MAMITOBA
SOIL MECHANICS LABORATORY

SAMPLE ND. : T 7i4 {REMOULDED SAMPLE)
CONSOLIDATIOR AXIAL STRESS : 80.00 KPA
PRECONSOLIDATIOR PRESSURE t  160.00 KPA
HORMALIZING STRESS £ 180.00 KPA
g NORMALTZED SHEAR TEST RESULTS START 40184 END s0188 f
PT PER NRMLZD EFFECT HRML 2D NRML ZD
CENT HALF RAT1D oct CHANGE
PCSTRR DEV S1GMA1 STRESS 1K PWP
STRESS SI1GMA3 KPa KPA
KPA
: 5 0.0 ©.008 1.023 0.5084 0.0
H 2 0.08 ©0.008 1.026 ©.498 o.00T
3 o.14 ©0.0086 1.0286 ©.a98 o0.008
: 4 0.20 0.028 1.110 ©.494 0.025
5 0.24 o.051 1.227 0.487 0.049
: 3 o.3e 0.079 1.388 0.478 0.0756
7 .35 0.093 1.454 ©.472 0.081
E 0.42 0.118 1.589 ©.468 0.t12
! L] 0.48 o._128 1.687 0.4563 0.125
10 o.558 o._153 1.792 6.48C o. 137
13 o.62 o.158 1.8087 ©.458 o. 150
1z a.68 0.172 2.002 0.487 0.t58
13 o.78 o.184 2.102 0.4586 0.16%
14 o.86 0.188 2.20%8 ©0.485 0. 177
15 .85 0.208 2.29% ©.455 o.183
16 1.0% 0.218 2.802 ©.457 o.181
17 1.08 ©.225 2.471 ©.4G55 ¢.196
12 1.19 ©.234 2.547 0.458 0.19%
i 19 1.30 0.280 2.608 ©.450 0.202
i 20 1.37 0,245 2.667 0,459 ©.207
! 21 1,48 0.251 2.712 ©.461 ©.208
22 1,59 ©0.253 2.726 0.562 0.208
23 1.71 ©0.258 2.78¢ 0.452 e.2%1
23 1.81 ©.260 2.798 ©.453 o.212
25 t.97 °.261 2.805 0.554 °.211
26 2.11 ¢.2865 2.852 0.463 0.214
27 2.28 ©.258 2.864 ©0.463 ©.253
28 2.861 ¢.270 2.915 ©0.482 ©.2t7
28 2.88 e.274 2.8585 ©.453 ©.219
30 2.93 ©.273 2.934 0.454 c.218
40 3.08 ©.228 2.8214 ©.433 o.221
a1 3.10 ©.2a3 2.785 0.434 ©.231
42 3.14 ©.283 3.000 ©0.a3s ©.241
LE] 3.22 ©.273 3.0a9 ©.443 o.244
44 3.37 ©.278 3.108 ©.4a%9 ©.237
L1 3.458 ©.276 3.094 0.a48 ©.227
36 3.59 ©.275 3.0858 0.44s ©0.234
a7 3.76 ©.276 3.0786 0.451 ©.236
a8 3.90 ©.276 3.081 ©.450 ©.234
49 4.048 ©.276 3.078 0.as50 ©.238
50 a.te v.274 3.061 o.aa8 ©0.2237
51 4.51 0.272 3.053 0.446 0.239
52 4.74 0.271 3.047 . 445 o.228
53 5.00 6.268 3.048 ¢. 443 o.241
54 5.20 ¢.269 3.068 o.439 0.242
: 13 5.41 ©.269 3.076 ¢.438 ©.246
56 5.983 ©.268 3.085 ©.436 0.248
57 7.08 ©.264 3.085 ©.428 0,255
58 14,089 0,245 3.080 ©,.398 0.267
59 14,39 0,242 3.049 ©.398 ©.266
50 14.851 0.241 3.084 ©.396 ©.257
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UNIVERSITY DOF MANITOBA
SO0IL MECHANICS LARQRATORY

SAMPLE KD. = T 716 {REMOULDED SAMPLE}
INITIAL MOISTURE CONTENT z 50.0 PERCENT
SPECIFIC GRAVITY OF SOIL z 2.73
INITEAL VOID RATIO =z 1.365
INITIAL HEIGHT OF SAMPLE = 13.05 CM
INITEAL VOLUME OF SAMPLE = 584.03 CC
EFFECTIVE PRINCIPAL STRESS RATIO = 1.00
FINAL MDISYURE CONTENT ] 41.3 PERCEHT
: TX. CONSOLIDATION START 311283 END fao154 H
} PT EFFECT EFFECT STRAIH YOLUME STRAIN3 EFFECY Q valp ¥ SHEAR
H . SIGMAT SIGMA3 STRAIN P RATID STRAIN
i 1 50.085 26.50 1.808 2.104 0. 148 34 .35 23 .66 1.318 2.3t5 i.107
. 2 67.87 ac.50 2.207 2.710 ©.262 38.686 2717 1.301 2.301 1.303°
3 66.41 as. o 2. 838 3.482 o.329 45.54 31.31% 1.282 2.282 .67
4 76.38 40.40 3.556 4.662 0.503 $2.40 35.99 1.257 2.257 2,038
5 87.8¢ 4B5.80 §.780 5.909 ¢.564 60.27 41.30 1.228 2.225 Z2.810 N
8§ 10t.03 Ex.50 £.867 7.138 0.585 6%.34 /47 .52 1.186 2.196 3.65388 2
7 116.27 61.50 7.278 8.686 9.704 78.76 54.77 1.159 2.159 4.3383 i
8 133.87 70.80 &.480 8.932 o.721 81.72 82.77 1.130 2.130 5.180 -
-4 158.80 84,80 10. 360 11.8682 o.661 108,82 75.10 1.088 2.089 6.466
io 78.73 42.80 9.41% 10. 0523 o.320 54.84 37.32 1.127 2.127 6.0886
: 11 78.68 42.480 8.6503 10. 016 o.25% $54.83 37.22 1.128 2.128 6.165
H 12 75.80 44,20 9,603 10.016 0.2855 $54.67 31.40 1.128 2.128 6.185
: 13 71.80 45,80 9.600 10.016 0.253 56.17 26.10 1.128 2.128 6.1861
i 14 E8.00 49.20 $.473 io.o0l8 0.272 56.47 13.8¢0 1.128 2.128 6.134
: 18 84.30 §t.80 9.427 10. 018 0.295 58.97 12.%50 1.128 2.12% 6.o0as
J 16 BG.50 54,30 $.322 10.0186 0.347 56.37 6.20 1.128 2.128 5.92a3
i 17 66.40 56.40 8,22 10.016 0.387 56.40 ©.0 1.128 2.128 5.883
i ia E5.50 55.5¢0 $.1568 10.018 0.430 §5.50 ©.0 1,128 2.128 5.818
: 18 6E4.60 54.65¢ 8.138 10.016 0.4450 54 .50 0.0 1.128 2,128 5.787
20 £3.30 §3. 40 5,120 10,018 0.448 53.40 0.0 1.128 2,128 5.782
21 E2.80 52.8¢0 5.085 10.016 ©.488 B2.80 ©.0 1.128 2.128 5.7486
22 §2.10 §2.1¢ 3.0854 10.016 o.481 E2.10 0.0 1.128 2,128 $.718
23 §2.430 E2.40 3.010 to. 016 0.503 62.40 ©.0 1.128 2,128 5.671 : H
24 51.80 El.8¢0 8.6882 1o.¢1% 0.%517 5t.60 ©.0 1.128 2.128 5.644
25 §1.80 Et.a¢ 8.882 1io.016 0,517 51.80 0.0 1.128 2.122 5.6844
28 6§2.00 E2.00 8.872 10,016 ©.522 52.00 0.0 1.128 2.128 5.634
27 62.50 E2.8B¢ 3.98E4 10,018 0.5314 52.8¢ ©.0 1.128 2.128% 5.615

SUMMARY OF ESSENTIAL RESULTS STORED I¥ FILE

PT SIGMA 51GMAT STRAEINT STRAINS v
1 50.086 26.59 t.808 ©. 148 2.31%
2 5T7.67 30,5690 2.207 ©.252 2.301
3 66. &1 35.10 2.835 ©.328 2.2a82
4 76.39 40,40 3.568 ©,603 2.287
5 £7.80 46.50 4.780 ©.584 2.225
6 101.03 532.50 5.987 ©.585 2,196
7 116.27 §1.50 7.278 0.704 2.158%
& 133.587 T70.80 8.2430 o.721 2.130
] 159.90 34,80 10.3260 o.561 2.088

10 79.73 42.40 8.a19 ¢.320 2.127

" 79.68 342.40 8.503 0.256 2.128

2 75.60 344,20 8.602 0.256 2.128
3 71.90 46.80 8.600 o.258 2.128
a4 68.00 48,20 8.472 o.272 2.128

5 64,20 51.80 9.427 Q. 285 2.128

6 60,50 54,30 9.322 o387 2.128

17 56.40 656.40 8.221 0.397 2.128

18 85.50 5§5.50 9.156 o.430 2.128

18 54.8¢ 54.80 *9.138 0.440 2.123

H 20 §3.4¢ $3.40 8.120 O.448 2.123
B 21 52.60 §2.60 9.085 0.468 2.128

22 §2.10 52.10 9.054 0.481 2.128

23 62,40 52.40 8.010 0.503 2.128

24 §1.69 51.60 5.8282 0.517 2.128

25 §1.80 &1.80 £.882 0.517 2.%28

28 §2.00 52.00 5.872 0.522 2.128

27 £2.80 52.50 8.954 0.831 2.123
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ENERGY CALCULATIONS

s3&3 ENGINEERING STRAIN %23

SAMPLE NO. *= T 716 [REMOULDED SAMPLE)
TEST RESULTS START 311283 END 140184
; PT  EFFECT  EFFECT  OEV EFFECT  AXIAL  RADIAL voL LSSY  LSHV DELTA TOTAL
: SIGMAS  SIGMA3  STRESS OCY STRAIN STRAIN  STRAIN ENERGY  ENERGY
; KPA KPa KPa STRESS X % % KPA % KN=M/VOL KN-M/VOL
: KPA
3 t 50.1 26.5 23.6 34.5 1.808  ©0.148 2.104 0.0 0.0 °.0
; 0.274
2 7.7 30.5 27.2 39.6 2.207 ©0.252 2.710 8.5 0.4 0.274
0.840
3 66.4 35.1 31.3 45.5 2.836 0,329 3.a83 20.4 1.1 0.714
©.845
[l 76.4 40.4 356.0 52.4 3.566 ©0.503 4.662 3z.9 1.8 1.380
1.068
5 87.8 46.5 41.3 60.3 4.780 0,584 5.908 47.2 3.0 z2.419
- 1.182
& 10i.0 53.5 47.8 68.3 §.957 0.585 7.138 63.T 4.2 3.680
1.661
7 116.3 61.5 54.8 79.8 7.278 0.704 B.586 82.7 6.8 5.%21
1.536
[ 133.6 10.8 62.8 91.7 8,430 ©0.721 9.832 toa.4 6.7 §.858
2,851
5 150.8 84.8 5.1 108.8 10.380 0.881 11.683  137.3 8.6 9.308
' -1.682
! 10 8.7 42.4 37.3 54.8 9.418  0.320 10.058 ar.2  71.8 7.747
| o0.014
: 11 78.7 42.4 37.3 54.8 9.503 ©0.256 10.016 37.2 1.7 7.780
i 0.0
! 12 76.% 48,2 31.8 54.7 9.65083 ©0.256 10.016 3s.s 7.7 7.780
. -0.001
13 1.8 46.3 25.1 55.2 9.500 0.258 10,016 a8 1 7.7 7.758
-0.008
14 68.0 49.2 18.3 E5.5 9.473 0.272 10.016 ag.a8 7.7 7.753
-0.007
15 64.3 51.8 12.5 56,0 9.427 ©.285 10.016 as.5 7.6 7.786°
-0.010
16 80.5 54.3 6.2 56.4 9.322 0.387 10.018 80.7T 7.5 7.736
-0,003
17 56.4 56.4 ©.0 56.4 9.221 0.397 i0,018 42.8 7.4 7.733
0.0
18 55.5 BE.§ .0 55.5 9.166 ©.a30 10,018 41.4  T.& 7.733
o.c
18 54.6 E4.5 o.0 54.5 8.136 ©0.a480 i0.018 3s.8 7.3 7.733
o.0
20 53.4 53.4 ©.0 53.4 9.120 ©.448 10.016 1s.2 7.3 7.732
0.0
‘ 2t 2.5 52.6 0.0 62.6 9.085 0.466 10.016 37.0 7.3 7.733
: 0.0
22 52.1 52.1 ©.0 52.1 9.058 ©0.481 10,016 3g.3 7.3 7.733
o.¢
23 52.4 52.4 0.0 52.4 9.010 0,503 10.016 36.7 7.2 7.733
o,
24 51.8 1.8 0.0 E1.6 8.882 0.517 10.016 36.5 1.2 7.732
0.0
25 1.8 5t.8 ©.0 51.8 °  8$.982 0.517 10,018 36.8 7.2 7.733
0.0
26 52.0 52.0 0.0 52.0 8.972 0.522 10.016 36.1 7.2 7.733
0.0
27 52.5 52.5 0.0 52.5 8.954 0.531 10.018 3s.9 7.2 7.733
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ENERGY CALCULATIONS

PR T 2] HATURAL STRAIN Fxex
SAMPLE NO. = T 716 (REMOULDED SAMPLE]
TEST RESULTS START 311283 END 140184
PT EFFECT EFFECT DEVY EFFECT AK1AL RADTIAL volL LSSY LSHY DELTA FOTAL
SIGHMA1L SIGMAR STRESS OCT STRAIN STRAIH STRAIH EHERGY ENERGY
H KPA KP&a KP& STRESS % % % KPa % KH=M/VOL KN-M/YOL
H Kpa
i
: 1 50.1 28.8 23.8 34.4 1.82% ¢.151 2.127 0.0 .o o.o
: ©.280
; 2 57.7 30.5 27.2 38.6 2.232 ¢.258 2.748 9.5 0.4 o.280
: ©.453
i 3 B6.4& Is.1 31.3 45.5 2.878 ©.3a0 2.555 20.4 1.1 ©0.734
i ©.671
4 T6.4 40.4 36.0 52.4 3.521 ©.524 4.668 32.9 1.9 1.450%
1.111
5 87.8 46.5 41.3 80.3 4.898 0.586 6.080 47.2 3. 2.518
i.214
] 101.0 53.5 47.8 68.3 6.152 ©.626 7.4806 63.7 4.8 3.730
i.888
T 196.3 61.5 B4.8 79.8 7.58B ©.76% g.087 82.7 6.8 5.416
i.882
8 133.86 70.8 82.8 1.7 8.873 0.794 10.480 104.23 7.1 T.087 RN
2.850 o
] 189.9 84.8 T5.t 105.8 t0.9237 ©.743 12.423 137.3 8.2 10.048
-5.T46
10 78.7 az.4 37.3 54.8 8.883 ©.354 ° 10,801 37.2 [ ] 8.30%
©.018
11 18.7 42.4 37.3 54.8 s.988 0.284 10.564 37.2 8.2 8.316
¢.0
12 75.6 58,2 31.4 54.7 9.0886 o.284 10.554 35.3 8.2 8.318
0,001
13 7.9 46.8 25.1t 55.2 5.88¢ o.286 10.654 36.1 8.2 8.316
0,007
54 58.0 498.2 5.8 55.5 8.862 0.301 10.654 36.3 [ ] 8.308
-0.008
i5 64.3 51.8 12.8 56.0 g.801 0.325 10.564 38.8 8.1 s8.301
0,041
11 0.5 54.3 5.2 56.4 4.78% 0.382 10.554 40.7% 8.0 8.280
~0.003
£ 66.4 56.4 0.0 56.4 $.8675 0.440 10.554 42.8 7.8 8.286
8 o.0
b 8 65.5 5.5 0.0 55.5 8.603 0.4878 16.554 a1.4 7.8 8.286
H : -0.000
19 54.5 54.5 0.0 54.5 9.580 0.487 10.554 38.8 7.8 8.286
-0.000
20 53.4 B3.4 0.0 53,4 9.563 ©.485 10.854 38.2 .8 8.286
-0.000
5 21 52.6 52.8 0.0 52.6 9.6524 0.515 10.854 az.o 7.7 8.%286
i -6.000
22 62.1 52.1 0.0 52.1 9.491 ©.532 10.554 36.3 T 8.286
- -0.000
23 52.4 52.4 0.0 52.4 9.442 ©.556 10.653 36.7 7.8 8.2886
H . ~0.000
: 24 51.86 55.6 6.0 51.86 9.41%1 0.571 10.554 35.6 7.8 8.286
: 0.0
25 51.8 51.8 o.0 5i.8 9.4%1 0.871 10.654 35.8 7.8 8.286
-0.000
28 52.0 §2.0 0.0 52.0 9.401 ©.577 10.554 as. 1 7.8 8.286
0.0
27 52.5 52.5 0.0 §2.5 9.380 ©.8587 10.5654 36.9 7.8 8.286
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SAMPLE NO. = T 7186 (REMOULDED SAMPLE]
SAMPLE HEIGHT AFTER CONSCLIDATION

SAMPLE VYOLUME AFTER CONSCGLIDATION
SAMPLE ARER AFTER CONSOLIDATION

t.831 CENTIMETRES i
534.285 CUBIC CENTIMETRES H
5.159 SQUARE CEMTIMETRES

CONSTANT L04D B 16.50 N
PROYING RING FACTOR B 1.2365 N .
PISTON AREA =z 5.07¢0 SQUARE CENTIMETRES

IHITIAL DIAL READING

1807.70 DIVISIONS

SHEAR TEST RESULTS START 160184 END 170184

COMSDLIDATED UNDRAINED TRIAXIAL TEST

PT TIME DISPL PRING PORE FER EFFECT EFFECT HALF DEY EFFECT ~RATID OF a
Dlat plat PRESS CENT SIGHMAI SEGMAZ DEY STRESS oeT EPF SIGMAE
RDG RDG KFPA PCSTRN KPA KPA STRESS KPA STRESS EFF SIFMAZ
KPa KPA
1 s$0g 1607.7 220.0 19%.9 ©.0 78.1 42.4 18.3 36.7 54.6 1.865 0.0
2 920 1504.6 242.0 202.4 ©.03 82.8 0.1 21.3 a2.7 54.3 2.064 C.42
3 8130 i798.8 259 .4 203.9 .08 85.9 22.5 23.7 47.4 54.3 2.232 ©.37
3 940 17231 272.7 205.1 0,12 88.4 37.4 25.5 51.0 54.23 2.365 ©.38
5 850 iT86.3 283.8 206.0 .18 80.85 36.5 27.0 53.0 54.5 2.48¢0 ¢.35
H [:1 1000 1778.8 294.5 206.86 ©.24 82.6 35.7 28.5 56.9 54.7 2.595 ©.33
H T 1010 £7T72.8 303.9 207.0 ©.29 84.7 35.2 29.7 59.5 5.0 2.690 o231
i a 1020 $764.6 3t12.0 207.3 .36 6.7 365.0 30.8 61.7 55.6 2.762 ©.30
% 9 1030 t1768.1 320.0 207.5 ©.42 28 .86 34.8 31.9 2.8 56.1 2.833 ©.28
H 10 1ic4o £780.3 326.7 207.4 0. 49 100.3 4.7 3z.8 5.6 S6.6 2.891 ©.28
: 11 1050 iT43.8 332.€ 207.6 ©.54 101.8 34.86 33.6 7.2 §7.0 2.941 ©.26
12 1100 17365.8 337.¢ 207.5% 0.6 102.9 34.8 34.2 58.3 7.4 2.9875 ©.24
13 s t722.1 343.90 207.7 .72 104. 8 34.7 351 T70.1 58.1 3.021 ©.23
14 1130 tT10.2 348.6 207.4 .82 106.5 35.2 35.85 T1.3 $9.0 3.025 ©.22
16 1145 1697.7 354.0 206.8 ©.93 108, § 35.4 36.4 2.7 58.6 3.0854 ©.18
18 1200 1624.8 357.2 205.8 .04 109.2 35.7 36.7 73.5 60.2 3.088 ©.18
= 17 1218 t667.7 358.2 205.1 t.18 110.1 36.2 27.0 73.9 60. & 3.0482 ., ©.17
18 1230 1656.0 362.1 205, 1 1.28 110.8 36.2 37.3 74.6 1.1 3.082 0. 16
19 1248 1643.9 364.4 205, 7T t.38 181,86 35.4 27.8 T5.2 1.5 3.066 .15
20 1300 1630.2 366.5 Z05.8 .50 112.3 35.7 7.8 75.8 81.9 3.081 ©.15
21 1320 1611.8 367.8% zo05.4 1.66 i13.¢ 37.1 a7.9 76.9 £2.4 3.04%5 o.14
22 1340 1692.8 368.0 z205.1 t.82 113.5 37.4 3s8.0 7681 2.8 3.034 ©.13
23 1400 1573.8 371.8 204.5 1.88 1t4.48 37.7 23.4 T6.7 63.3 3.035 ©. 1t
24 1420 1554 .5 370.2 204.6 2.14 it3.9 37.8 38.1 76.1 63.2 3.018 .12
25 1480 1837.2 371.2 204.2 2,28 114.3 38.0 8.2 76.3 £3.4 2.009 o. 1t
26 1500 1817.0 370.8 204 .2 2.48 it4.2 38.1 8.0 T68.1 3.5 Z.996 L B}
27 1520 1497%,3 370.¢ 204.2 2.862 i13.9 38.2 37.9 75.7 $3.4 2.982 ©. 11 )
28 1540 187%.2 370.8 204.3 2.78 i13.8 38.1 27.9 75.8& 3.4 2.889 o1
28 1600 18460.5 371.1 204 .4 2.33 t13.7 37.9 37.9 75.8 63.2 z.989 °.12
30 163¢ 1332.0 372.3 204.3 3.18 tt3a. 8 37.9 2s8.0 75.19 63.2 2.003 o.1t
3t 1645 14i5. 8 370.2 203.3 3.2t t13.2 37.9 27.& 75.3 63.0 2.986 e
32 1700 1403.3 368. 6 204.6 3.42 t12.68 37.8 7.4 TA.T 62.7 z2.977 ©.12
33 7005 1462.0 3BE. 8 RELAXATION TEST
34 170¢ 1302.2 364. 4 RELAXATION TEST
35 1702 fadct.8 362.4 RELAXATION TEST
36 i704 1400 .2 360.0 RELAXATION TEST
37 1708 1388.9% 356.5 RELAXATION TEST F
38 1715 1386.5 362.8 RELAXATION TEST
3B 1730 13856.5 a3z .4 RELAXATION TEST
0 1800 1394.2 344 .1 RELAXATION TEST
41 1800 1382.8 238.7 RELAXATION TEST
42 2032 1382.3 335.8 RELAXATION TEST i
43 834 1381.8 32¢.2 RELAXATION TEST
44 835 1391.8 22%.2 204.5 3.52 102.6 38.4 32.1 64.2 59.8 2.671 .17 N
45 840 1388.6 341.0 206.0 3.54 tog .2 36.9 33.86 67.3 9.3 2.823 C.20
A6 aso 1384.2 255. 4 207.0 3.588 107.0 35.8 35.5 T 9.6 2.979 ©.21
47 300 1377.8 386.5 206.5 3.83 109.9 35.89 37.0 74.0 0.6 3.0861 ¢.18
48 910 13658.3 370,3 206.4 3.M 110.9 36.¢ 37.8 74.9 1.0 3.082 .17
49 920 1360.5 272.4 206.4 3.78 111.8 36.1 7.1 T5.4 61.2 3.090 ¢.17
50 930 1352.0 373.2 206. ¢ 3.85 112.1 36.5 37.8& 75.8 61.7 3.om o. 16
51 940 1342.8 373.4 205.7 3.93 112. 4% 3E.8 37.8 75.8 62.0 3.055 ©.15
52 9580 1332.0 373.0 205.6 4.02 112. 4 37.0 37.7 75.4 62.1 3.038 ©.15
s3 1000 1322.0 373.5 205.8 4,11 112.2 36.7 37.7 75.5 61.89 3.056 ©.15
54 1015 1308.0 374.5 205.5 3.22 112.7 37.1 37.8 75.8 62.3 31.039 ©.14
55 1030 1295.2 374.4 205.8 4.33 112.1 36.6 37.8 75.5 B1.8 3.0B4 .15
SE t045 128¢0.9 373.7 205.85 4.485 112.1 36.8 37.8 75.2 E2.0 3.039 .15 ;
57 t1eo 1266.2 373.2 205.5 4.58 112.0 37.90 37.5 75.0 62.0 3.027 .15
58 1120 1249 .2 373.¢0 205.8 4.72 11,7 36.8 37.4 74.9 6.8 3.034 .15 i
59 1140 1228 .3 372.8 205.7. 4.90 111.6 36.39 37.3 74.7 61.8 3.023 &.15
50 1200 1208.0 372.86 205.7 5.07 111,11 36.6 37.2 74.5 6.4 3.038 ¢.15 E
BT 1228 1178.8 372.2 205.4 5.32 111.3 37.1 37.1 748.2 B1.8 2.999 o.15
H B2 1300 1149.9 372.2 205.86 5.58 110.8 36.9 37.0 TL.0 6i.6 3.008 .18 H
o 63 1332 1116.3 372.t 205.8 5.84 110.4 36.7 36.89 T30 6t.3 3.009 .16 ¥
7 L3 1400 1080.0 371.0 205.4 6.07 110. 1 36.8 36.7 73.3 Bi.2 2.5%92 o.15
: 85 1230 1063 .7 371.1 206.1 6.28 108.5 A6. 4 36.6 T3t BC. 8 3.009 o.17 £
:3: 1549 889.8 371.90 206.3 6.81 109.1 36.5 3E.3 T2.86 BO.7 2.9289 o.18
87 1740 309.8 369.89 205.9 7.58 108.4 36.6 35.8 71.8 60.5 2.882 o.17
88 1843 £25.9 369.38 206.1 8.2% 107.6 36.2 35.8 71.3 60.0 z2.989 o.18 i
6% 2020 79c.8 369.7 206.3 8.58 i07.1 36.1 35.5 7i.0 58.28 2.887 .18 H
70 845 88.2 370.6 207.3 14.53 108.5 3c.3 33.3 66.86 57.5 2.886 Q.25
kAl 914 £4.0 370.8 207.3 14.74 10E.7 35.2 33.2 €6.5 57.4 2.888 0.25
72 934 43.8 369.2 207.%5 12.81 ice.8 348.85 33.9¢ 66.0 6.8 2.88¢ .26
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SAMPLE NO. * T 718 (REMDULDED SAMPLE}
CONSOLIDATION AXIAL STRESS 3 80.00 KPA
PRECONSOLIDATION PRESSURE t  158.890 KPa
NORMALIZING STRESS = 159.90 KPA
NORMALJIZED SHEAR TEST RESULTS START 150184 END 170184
PT PER RRML ZD EFFECT NRML 2D NRMLZD
CENT HALF RATID ot CHANGE
PCSTRN DEY S1GMA1L STRESS IN PWP
STRESS SI1GMAZ KPA KPA
xPa
i
; 1 c.o ©0.1158 1.865 0.342 0.0
i 2 ©.03 ©.133 2.064 0.340 0.016
: 3 c.o08 ©.138 2.232 0.340 0.025
: a ¢.12 0.160 2.365 0.340 0.0133
5 .18 0.16% 2.480 ©.341 0.038
5 o.24 ©.178 2.595 0.342 0.082
7 o.29 ©.185 2.680 ©.344 0.044
8 ©.38 0.193 2.762 ©.347 ©.086
9 0.42 ©.200 2.833 ©.35t 0.048
10 0.4a8 0.208 2.89¢ 0,354 0.047
, 11 o.84 o.210 2.941 ©.356 0.048
12 .61 o.214 2.875 ©.368 o.048
13 o.72 Q.215 3.02% ©.363 0.049
14 ©0.82 0.223 3.025% ©.369 o.047
15 .93 0.227 3.054 ©.373 0.033
16 1.04 ©.230 3.058 ©.376 0.0a3
: 17 1.18 0.231 3.042 ©.380 0.039
i 18 1.28 0.233 3.0862 ©.382 0.039
i 18 1.38 0.235 3.066 ©.385 0,035
H 20 1.50 ©0.2386 3.061 ©.387 0.037
: 21 1.66 0.237 3.045 ©.390 0.034
: 22 1.82 ©.238 2.034% 0.392 ©.033
23 1.98 0,240 3.035 ©.396 ©.028
24 2.14 0.228 3.014 ©0.3958 ©.028 .
25 2.28 0,239 3.009 ©.387 ©.028
26 2.45 0,238 2.996 ©0.387 6.027
27 2.62 ©.237 2.982 0.387 0.027
28 2.78 0.237 2.989 0.388 0.028
29 2.93 0.237 2.899 0.385 ©.028
30 3.18 ©0.237 3.003 0.385 ©.028
a1 3.31 ©.235 2.886 0.384 ©.028
32 2.482 ©.234 2.877 0.382 ©.023
a4 3.52 0.201 2.671 0.374 ©.029
a5 3.54 0.210 2.823 0.371 ©.038
46 3.858 ©.222 2.979 ©0.373 6.044
a7 3.63 0.231 3.081 0.379 0.0a1
a8 3.7 ©.234 3.082 0.381 0.0a1
48 3.78 ©,236 3.090 ©.363 ©0.0481
50 3.85 ©.236 3.071 0.3886 o.03¢8
51 3.83 ©.236 3.054 0.38538 ©0.036
52 4.02 ©.236 3.038 0.389 ©0.0386
53 4.1¢ ©.236 3.086 0.387 ©0.038
54 4.22 ©.2368 3.03% 0.390 ©.035
55 4.33 ©.236 3.064 ©.386 0.037 §
56 4.45 0,238 3.039 ©0.388 ©0.036
57 4.58 0.23% 3.027 0.388 0,035
53 a.72 ©.234 3.034 o.3385 0,036
59 4.80 ©.233 3.023 ©.386 0.036
60 5.07 ©.233 3.035 ©.384 0.036
i 61 5.32 ©.232 2.999 ©.387 ©.034
: 62 5.55 ©.231 3.005 ©.3865 0,036
63 5.84 ©.231 3.009 0,383 0.037 -
54 6.07 ©.229 2.992 ©.383 0.034
65 6.28 ©.229 3.0609 o.380 0.039
1 6.91 0.227 2.889 0.380 0,040
67 7.59 ©.225 2.862 ©0.379 0.033
68 8.28 ©0.223 2.969 ©.375 0.039
69 8.539 ©.222 2.967 ©.372 0.080
70 t4.53 ©.208 2.88E ©.360 0.0486
T t5.74 ©.208 2.888 ©.358 0.048
12 18.91 ©.205 2,896 ©.3585 0.048
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SAMPLE KO. *+ T 718 {REMDULDED SAMPLE)
INITIAL MOISTURE CONTENT 13 49.2 PERCENT
SPECIFIC GRAVITY OF SOI1L & .
INITIAL YOID RATIO 3 1.342
INITIAL HEIGHT DF SAMPLE 2 12.67 CH
INITIAL YOLUME OF SAMPLE s S76.74 CC
EFFECTIVE PRINCIPAL STRESS RATIO = 1.00
FIHAL MODISTURE CONTENT 2 40.8 PERCENT
H TX. CONSOLIDATION START 250184 END 50284
i TRIAXIAL CONSOLIDATIDN TEST
; PT EFFECT EFFECY STRAIH1 YOLUME STRAIN3 EFFECT Q YoID L SHEAR E
SIGMAL SIGMAZ STRAIN P RATID STRAIN
1 49.89 26.850 1.426 1.882 o.258 33,30 23.38 1.298 2.298% 0.779
i 2 57.80 30.50 1.730 2.445 0.357 39.583 27.19 1,288 2.2885 0.915
3 66.21 36.10 2.107 3.13a O0.518 45 .80 3t.21 1.268 2.268 1.081
4 TE.42 40.30 3.030 4. %73 0.717 52.4 36.02 1.237 2.237 1.548
5 87.95 45,60 2.356 6.483 o,.728 60.39 41,36 1.214 2.214 2.038
3 101.27 53.80 4.863 5.731 0.884 68.49 347.87 1.184 2.188 2.7108
g T 116.48 61.70 6.221 &8.080 0.828 79.886 54.78 1.153 2.163 3.828
& 124.03 71.00 7.578 9.467 0.848 B82.01 83.¢03 1.120 2.120 4.820
-] 180.10 84.80 8 .44 11.382 0.875 108.80 75.30 1.076 2.075 E.844 :
10 78.70 52.40 8.586 2.800 Q.6E7 54.23 37.30 1.110 2.11¢ 5.266 i
i 11 78.63 42.450 4.820 8.779 0.5380 B4.81 37.23 1.113 2.113 5.360C
i t2 76.20 43.80 8,819 8.779 ©.580 54.27 31.40 1.113 2.113 5.3889
f 13 7¢.80 45.80 8,608 8.778 0.586 5§.17 25.10 1.113 2.113 5.348
: 14 GE.80 48.10 3.584 %.778 0.598 54.37 18.80 1.113 2.113 5.324
18 62.80 50.30 8.551 8.779 ©.614 54§.47 12.50 1.113 2.113 E.281
16 68.00 52.80 8.493 8.7789 0,643 64.87 E.20 1.113 2.113 5.234
17 54.8¢C 54 .80 &.430 8.778 0.674 54.80 o.C 1.113 2.112 170
18 53,60 53. 60 &.379 8.778 0.700 63.60 o.¢ 1.113 2.113 B.118 h
19 64,70 54.70 a.34% 8.779 o.T19 54.70 0.0 1.113 2.113 5.0t 1
20 54,70 654.70 8.323 a.779 0.728 55.70 .0 1.113 2.113 5.067
21 63.60 53.50 &.304 a.778 0.738 §3.50 0.0 1.113 2.113 6.0434
53.80 8.276 8.77% ©.751 £3.80 Q.0 1.113 2.113 §.017
B2.00 8.276 8.778 0.7852 £52.00 0.0 1.113 2.113 5.015
53.10 8.275 9.778 ©.782 BE3.10 0.0 1.113 Z2.113 §.018
54.10 8.264 9.778 ©.782 B4. 10 .0 1.113 2.113 4.884
64,40 5.212 8.778 ©.782 54.430 C.0 1.113 2.113 4.883
54.30 5.137 8.778 ©.821 54 .30 0.0 1.113 2.113 4.877

SUMMARY OF ESSENTIAL RESULTS STORED IN FILE

PT sSICMAI SIGMAZ STRAING STRAIND ¥
1 49.89 28.50 1.4286 ©.258 2,286
2 57.60 3¢.80 1.730 ©.387 2.285
3 66.31 as5.10 z.107 ©.518 2,268
4 76.42 40 .40 2.030 o.TE? 2.237
s 27.88 45 .60 3.856 ©.799 2.214
& t01.27 53.60 4.9E63 o.384 2.184
k] 116,48 5. 70 65.221 0.929 2.153
8 134.023 71.00 T.87% ©.946 2.120
9 t60.10 84.890 8. 441 ©.975 2.075 i
1o 78.70 42.40 &.566 ©.EB67 2.110
1t 73.63 42.890 &.620 9o.580 2.113 .
12 75.20 43.80 8.619 ©.580 2.113
13 70.80 45.80 8.6508 O.586 2.113
14 £6.80 48.10 8.584 9.588 2.113
15 82.80 50,30 8.561 0.614 2.113
18 58.00 52.80 8.403 o.853 2.113
7 54.80 54.80 8,430 0.874 2.113
18 53.60 53.80 8.23%8 o.700 2.813
18 G4.7%0 54.7% 8.341 0.718 2.t12
H 20 E4.70 54.70 8.323 o.728 2.%13
H 21 53.50 53.50 8.308 ©.738 2.113 i
{ 22 £§3.80 53.80 8,276 ©.751 2.%13
23 §2.00 52.00 8.275 0.752 2.113
24 £3.10 53.1%0 8.275 0.752 2.112
25 84.10 54.10 8.254 0.762 2.113
26 54,40 54.40 8.212 0.783 2.113 i
27 6§4.20 54.30 8.137 0.321 2.113 :
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ENERGY CALCULATIONS

xx3r ENGINEERENG STRAIN s%#z :
SAMPLE NO. 3 T 718 [REMDULDED SAMPLE]}
TEST RESULTS START 210184 END 50284
PT EFFECT EFFECT DEY EFFECT AXTAL RADIAL voL LSSY LSHY DELTA TOTAL
L S1GMA1 SIGMA3Z STRESS OCT STRAIN STRAIN STRAIN ENERGY ENERGY
: KPa KPa KPA STRESS % % % KPA % KN=-M/YOL KN-M/VYOL1
H KPA
: 1 49.9 26.5 23.4 34.3 1.426 0.258 1.98482 .0 0.0 0.0
1 0,220
i 2 57.6 30.5 27.1 39.65 1.730 0.3s57 2.445 8.8 0.3 0,220
©.337
3 6.3 35.1 It.2 45.5 2.107 ©.518 3.138 20.4 o.8 ©0.5857
. o.218
a 76.4 40.4 38.0 52.4 2.040 ©.717 4.4873 3az.o 1.7 1.378
©0.732
5 88.0 46.8 41.4 60.4 3.856 ©.709 5.453 47.8 2 2.117
1.123
[ tot.3 53.6 47,7 698.5 4.963 0.8848 B.721 84.1 2.8 3,280
1.422
- ? 116.85 61.7 54.8 80.0 6.221 0.829 8.080 83.1 & 4,872
1.718
8 134.0 7.0 3.0 82.0 7.575 ©.846 8.487 108.1 [ 6.380
2.780
[] 160. 1 4.8 75.3 108.9 8,441 ©.875 11.382 137.6 g.1 8.180
: ~1.4881
i 10 78.7 2.4 37.3 s4.8 8.556 ©.667 B.8500 37.3 7.2 T.738
-0.031
i 1 79.6 42.4 7.2 54.8 8.620 ©,680 8.779 37.3 7.2 7.767
i 0,000
i 12 75.2 a3.8 35.4 63.3 8.619 o.580 8.778 5.2 7.2 7.707
i -0.003
; 13 70.89 45.8 25.1 54.2 8.608 ©.588 8.778 4.2 7.2 7.704
; -0, 008
H 14 86.% 48.1 18.8 54.4 8.584 ©.598 8.1778 35.0 T.2 7.889 .
-0.,005
Y (1] 82.8 0.3 12.8 54.5 8.851 ©0.614 8.779 36.0 L] 7.693
-0.005
16 sg.0 52.8 5.2 64.8 8.493 ©.643 8.718 38.3 T4 7.688
~0.002
17 B4.8 s5.8 .0 54.8 8.430 0.874 8.779 40.2 7.0 7.686
0.0
18 £3.8 53.5 0.0 53.8 8.379 ©.700 8.778 38.5 7 7.686
e.o
18 84.7 55.7 0.0 54.7 8.331 ©.71% 8.779 40.2 8.9 7.686
0.0
20 54.7 54.7 0.0 54.7 8.323 ©.728 9.779 40.2 5.8 7.686
- ©.0
21 53.5 63.5 ¢.0 £3.5 a.304 ©0.738 9.778 38.4 .8 7.686
.0
22 53.8 53.8 °.¢ 3.8 8.276 ©.181 9.778 3s.8 6.9 7.686
0.0
23 52.0 52.0 .o 52.0 8.275 0.752 8.778 36. 14 6.8 7.686
0.0
24 B34 3.1 c.o 53.1 8.2785 0.7652 8.778 37.8 6.8 7.686
0.0 f
25 4.4 4.1 o.o 4.1 8.254 ©.762 8.778% 29.3 6.8 7.886 :
. 0.0 H
26 54.4 54.4 0.0 54.8 8.212 0.783 9.779 39.7 6.8 7.886 {
0.0 H

27 54 .3 54.3 Q.0 54.3 a.137 <o.821 9.77% 39.8 6.8 7.888
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ENERGY CALCULAYIONS

P NATURAL STRAIN s
: SAMPLE NO. s T 718 [REMOULDED SAMPLE)
] TEST RESULTS START 210184 END 50284
PT  EFFECT  EFFECT  DEV EFFECT  AXIAL  RADIAL VoL LSSY  LSHKY DELTA TOTAL
SIGMAEt  SIGMA3  STRESS 0OCT STRAIN STRAIN  STRAIN ENERGY  EHERGY
KPA KPA KPA STRESS % % % KP& % KN=M/VOL KN-M/VOL
KPA
1 48.8 26.5 23.a 34.3 1.438 ©0.262 1.861 0.0 0.0 0.0
0.224
H §7.6 30.8 27.1 39.5 1.745  ©.365 2.475 9.6 ©.3 0.224
©.348
3 B6.3 35,1 3.2 45.5 2.130  ©0.528 3.188 20.6 0.8 0.571
0.848
4 76.4 40.4 35.0 52.4 3.087 ©0.745 4.576 33.0 i.8 1.4186
©.775
5 88.0 46.8 41.4 60.4 3.832  ©.&38 5.607 47.5 2.6 2.182
1.187
5 101.3 3.8 47.7 59.8§ 5.030  ©.938 6.968 B4.1 3.8 3.388
1.523
7 116.5 81.7 54.8 80.0 8.423 t.o01 s.425 83.1 5.1 a.811
1.866
. [ 134.0 71.0 63.0 92.0 T.878  1.034 9.945  105.1 6.5 5.777
3,088
2 150, 1 8a.8 75.13 109.9 €.917 1.089 12.084  137.6 8.6 9.862
-1.603
10 8.7 52.4 37.3 54.8 8.956 ©0.735 10.425 37.3 7.8 8.259
-0.03%
11 19.8 2.4 37.2 54.8 8.014  ©0.538 10.201 37.3 7.8 8.223
i -0.000
i 12 75.2 43.8 31.4 54.2 9.013  ©0.539 10,281 35.2 7.6 8.223
: -0._003
: 13 70.9 A5.8 25.1 53.2 9.001  0.645 10,281 34.4 7.6 8.220
7 ~0.008
H 14 68.9 48,1 b8, 8 64.4 8.375  0.853 10.281 35.0 7.8 a.214
H ~0.006
H 15 62.8 50.3 12.5 54.5 8.939 0.676 10,281 3.0 7.8 8.208
; ~0.006
15 58.0 62.8 6.2 54.9 8.876 - ©0.708 10,291 38.3 1.8 a.z202 :
=0,002 :
17 54.8 54.2 c.o 54.8 8.807 0.742 10.291 40.3 7.4 8.200 i
~0.000 ]
18 53.86 83.6 0.0 53.6 8.751 0.770 10.291 38.5 7.3 8.200
-0.000
19 54.7 54.7 0.0 54.7 8.708  ©0.781 10.291 40,2 1.3 8.200
-0.000
20 54.7 54.7 ¢.o 54.7 8.688 ©.80% 10.291 40.2 7.3 &.200
-0.000
21 §3.5 53.5 ©.0 53.5 &.688 0.811 10.281 3.8 7.3 &.200
-0.000
22 53.8 53.8 .o 53.8 £.839  ©.326 10,291 35.8 7.2 &.200
-0.000 :
23 52.¢ 52.0 0.0 52.0 8.637 ©¢.827 10.221 36.1 7.2 8.200
0.0 :
24 3.t 3.t 0.0 3.1 5.637 ©.827 10,221 37.8 7.2 5.200
-0.000
25 54.1 s4.1 ° 54.1 5.616 ©0.838 10,281 3s.3 7.2 8.200
-0.000
2§ 54,4 54.4 L3 54.4 §.568 0,881 10.281 3s.7 7.2 8.200
-0.000 I
27 54.3 54.3 0.0 54.3 8.487 0.s02 10.291 as.6 7.1 8.200 i
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SAMPLE RO. = T 718 (REMODULDED SAMPLE)

SAMPLE HEIGHY AFTER CONSOLIDATION * 1.608 CENTIMETRES
SAMPLE VOLUME AFTER CONSOLIDATION = 520.740C CUBEIL CENTIMETRES :
SAMPLE AREA AFTER CONSOLIDATION ¢ 44,860 SQUARE CEWTIMETRES f
CONSTANT LOAD
PROVEING RING FACTOR
PISTOH AREA

16.38 W .
1.2365 N ./D1V
5.0700 SQUARE CENTIMETRES

CAC )

IHITIAL DAL READING * 1644.7C UDIVISIONS

SHEAR YEST RESULTS START 60284 END 80284

COKRSOLIDATED UN TEST

PT TiME DISPL PRING PORE PER EFFECT EFFECT HALF DEV EFFECT RATIO CF A :
praL DIAL PRESS CENT SIGMAT SIGMAT DEV STRESS ecT EFF SEGMA1 i
RDG RDG KPA PCSTRN KPA KPa STRESS KP& STRESS EFF SIFMA3 H
KFa KPa {
1 514 1644.7 222.6 199.9 ¢.0 8Q. 3 42.8 18.8 37.86 55.0 1.885 ©.0 :
2 528 1544.4 235.8 204.2 o.00 82.4 a1.2 20.86 41.2 53.8 2.001 ©.36
3 525 1643.0 246.4 202.0 0.01 84.48 40.2 22.1 44.2 548.9 2.098 ©.32
4 83c 1640.5 256.0 203.1 ©.04 86.t 39.3 23.4 46.8 52.9 2.181% ©.35
s 535 1638.2 263.58 203.7 ©.08 87.6 38.8 z4.5 ag.o0 54.8 2.268 ©.3a
3 540 1635.2 270.8 204.2 ©.08 88.0 38.1 25.4 50.9 55.1 2.338 o.32
7 550 1629.8 282.7 205.0 0.13 1.5 37.4 27.1 54.1 55.4 2.447 ©. 3%
5 900 1623.0 294,0 205.6 ¢. 18 83.9 6.7 28.6 57.2 55.8 2.558 o.28
E sio 1616.0 306.5 206.3 ©.25 86.4 36.1 20.2 $0.3 56.2 2.671 o.28
l 114 20 1609.8 313.7 206.5 ©¢.30 88.3 35.8 21.3 62.5 58.6 2.787 ©.28
i i1 930 1503.0 322.2 206.8 .35 100.3 is.s 22.4 64.8 57.1 2.828 ©.285
: 2 943 1593.2 331.8 205,.8 [ Y] 102.7 35.3 23.7 §7.4 57.8 2.911 0.23
t3 LT 1588.3 335.6 207. % .48 103.7 35.3 34.2 68.4 58.1 2.938 ©.23
: i4  joo0o 1580.7 33,0 207.0 ©.55 195. 1 35.2 34.9 59.89 58.5 2.9885 0.22
i ts 1016 1567.5 348.1% 207.0 0.67 107.¢ 35.3 35.9 T1.7 59.2 3.012 o.21
;. i6 to30 1585.7 353.8 206.8 9.77 108.7 3as.s 36.6 73.2 59.8 3.063 o.18
: 17 1043 1550.8 3ss.2 206.86 o.80 110.¢ 35.7 37.2 74.3 60.5 3.082 o.18
2 8 ti1oo 1528.0 352.0 208.7 12401 111.7 36.4 37.7 15.3 61.6 3.069 0.15
: 8 $115 1514.2 365.2 205.6 bo12 112.8 6.7 3s8.0 76.1 2.1 3.073 ©.15
; 20 t13¢ 1502.0 368.5 205.3 1.23 113.8 6.9 8.4 76.9 2.5 3.08a ©.14
% 21 1185 1487.2 3t1i.0 205.0 1.38 114.7 37.2 38.7 171.8% 63.0 3.083 ©.13
: 22 1200 1871.8 372.8 204.8 1.48 115.3 37.4 3s.9 77.98 €3.4 3.082 ©.12
= 23 t215 1459 & 374.8 204 .4 1.60 1163 37.8 39.2 78.3 63.8 3.072 o 11
5 24 1230 1456.7 375.8 204.2 1.71 116.5 38.0 39.2 73.5 64.2 3.066 0. 11
25 1245 1430.5 376.6 204.0 t.85 115.8 5.2 39.3 78.86 64 .4 3.058 ©.10
26 1300 1416.0 376.8 203.8 1.87 117.0 8.5 39.3 18.3 64.7 3.080 ©.10
27 t3iS 1402. 1 377.2 203.6 2.08 117.¢ 36.4 39.3 78.6 4.6 3.04% ©.08
28 1332 1384.8 3718.2 203.5 2.24 117.3 36.6 39.48 78.7 64.8 3.o0a0 ©.08
29 §34% 1373.8 i77.9 203.3 2.33 117 .6 3g.0 39.3 73.6 §5.2 3.014 ©.08
30 14c0C 1360.4 378. 1 202.3 2.45 117.5 3s.o 38.3 18.% 65.2 3.013 ©.08
31 1415 1345.5 378.4 203.4 2.58 117.4 36.9 39.z 78.5 5.1 3.ote ©.08
32 1430 1333.7 3si.0 202.6 2.68 117.8 38.7 9.6 78.1 65.1 3.084 ©.08
33 1500 1303.8 380.8 203.2 2.88 117.8 3s8.9 9.4 78.8 5.2 a.027 ©.08
3§ 1532 1274.0 3s1.8 203.3 3.18 117.8 39.0 29.58 T8.8 5.3 3.023 ©.08
35 500 1259.8 382.6 203.3 3.41 117.8 39.0 39.5 T78.8 5.3 3.024 ©,08
36 1530 1222.6 3s2.2 203.0 3.64 17.7 ags.o 39.3 78.7 85.2 3.017 o.08
37 1644 1207.5 378.2 203.0 3.77 116.8 39.3 3a.7 77.5 85. ¢ 2.811 o.03
38 1645 1207.% 378.2 RELAXATION TEST
38  4s3c 1206.2 375.0 RELAXATION TEST
40 1646 1206.8 373.2 RELAXATION TEST
41 1647 1206.1 a7,z RELAXATION TEST ;
42 1649 1203,2 368.2 RELAXATION TEST
43 1853 1202.8 385.2 RELAXATION TEST
as 1700 1202.8 362.0 RELAXATIOGN TEST
a5 1718 1202.86 357.4 RELAXATION TEST
46 1745 1186.2 isz.s RELAXATION TEST
47 1845 1183.2 347.8 RELAXATION TEST
48 2143 1180.5 339.4 RELAXATION TEST
a8 830 t190.0 331.5 RELAXATION TEST
50 830 1180.0 331.5 204.3 3.92 103.8 38.38 az.4 64.8 50.5 2.668 0.186 :
51 840 118885 354.2 206.0 3.83 106.3 37.4 35.4 70.8 1.0 2.895 ¢.18
52 850 1182.8 3ss.0 206.8 3.98 116.9 36.4 37.3 74.58 1.2 3.0487 o.tg
53 200 1175.8 375.8 206.8 4.04 112.8 36.3 38.3 76.5 5t.8 3.508 o.t3
5& 910 1166.8 380.8 206.7 4.12 114.3 36.5 32.8 77.8 52.4 3.131 0.7
65 920 1160.2 383.9 206.4 4.17 115.4 36.9 33.3 76.5 63.1 3.128 0.5
56 930 1149.2 385.8 206. 4 4.27 115.9 36.8 33.5% 79.¢ 53.2 3.1450 0.5
57 sac 1138.0 386.0 206.0 4.37 116.2 37.2 2.5 78.0 3.8 3.122 .15
58 950 1130.8 385.2 206.0 4.43 115.8 37.1 18.4 78.7 3.3 3.121 0.1t5
§8  100¢ 1118.7 385.2 205.4 4.52 116.4 37.8 33.3 76.6 54.0 3.080 .13
B9 1017 1104.7 385.3 205.4 4.65 116.3 37.8 38.3 78.5 4.0 3.078 .13
B1 1032 1080.0 383.5 205.0 a.78 116.2 38.2 3s.0 78.0 54.2 3.042 ©.t2
52 1045 1080.2 3ss5.2 205 .1 4.86 116.4 38.1 35.2 78.3 54.2 3.05% .13
53 5120 1048.2 384.0 204. 86 5.13 116.0 38.2 38.9 77.8 64.1 3.032 o.12
68 1145 1027.0 3ss.8 204.9 5.32 11861 38.2 i8.8 77.8 64.2 3.038 o.12
55 1227 985. 4 383.2 204.§ 5.68 115.5 38.3 38.6 77.2 54.0 3.015 o.t2
56 1301 953.0 383.0 204.32 5.86 115.3 38.4 38.8 76.8 54.0 3.003 e.11
57 1344 913.2 Isi.e 204 . 1 6.30 11487 3s.2 i8.2 76.4 3.8 2.894 o.t1
58 1425 B73.0 350.4 203.5 6.65 1144 36.4 17.8 75.1 3.8 2.872 o.to
58 1500 836.0 379.2 203.7 6.87 1136 35.4 37.6 75.2 53.5 2.958 o.10
70 15588 782.3 380.0 203.§ 7.43 113.2 38.2 17.5 15.0 63.2 2.964 o.t1
T1 o 1T28 B94.2 379.56 204.0 8.19 112.4 38.1 37.1 75.3 62.8 2.950 o.tt
72 1843 523.9 378.4 204.1 8.7¢9 111.4 37.% 36.8 73.5 62.4 2.940 .12
73 2080 501.% 3T6. 4 203.0 8.85 110.7 38.0 36.3 72.7 82.2 2.912 o.12
74 507 -129.8 378.4 206.1 15.28 104.3 36.0 33.1 66.3 58.8 2.898% 0.20
15 552 176, 7 377.8 205.2 15.68 104 .5 36.7 33.9 67.8 59.3 2.848 .18
16 902 -185.2 376.4 205.7 15.76 104 .2 36.8 33.7 67.4 9.3 2.8231 0.8
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SAMPLE NG. = T 718 [REMOULDED SAMPLE}
CORSOLIDATION AXIAL STRESS = 78.63 KPA
PRECONSOLIDAYION PRESSURE + 60,10 KPA
HORMALIZING STRESS +  i60.10 KPA
HORMALIZED SHEAR TEST RESULTS START 50234 END 80284
PT PER NRMLZD EFFECT NRMLZD HRHML 2D
CENT HALF RATIO ocT CHANGE
PCSTRN DEV SIGMal STRESS IN PWP
SYRESS SIGMA3 KPA KPA
KPA
: t 0.0 0. 117 1.88% ©.344 .o
i 2 o.e0 ©.128 2.001 ©.343 ¢.008
i 3 0.01 ©.138 2.099 0.343 ©.013
: a o.04 ©.146 2.191 0.383 ©.020
: 5 o.086 ©.153 2.258 ©.333 ©.024
5 0.8 ©0.158 2.338 0.344 ©0.027
7 0.3 ©.1869 2.847 ©.346 ©.032
-3 .tg o.179 2.558 ©0.348 ©.036
] 0.25 ©.188 2.671 ©0.35% o.0480
10 .30 ©.185 2.747 ©0.354 0.041 :
11 ©.386 ©.202 2.826 ©.387 ©.0348 ;
12 0.4 0.2t1 2.911 ©.38t ©.083 i
13 o.43 o.2t4 2.932 ©.3853 ©.0a5
14 0.55 ©.2t8 2.986 ¢.365 ©.044 -
15 0.67 ©.224 3.032 0.17¢0 ©.0484
16 .77 ©.229 3.063 0.374 ©.043 ;
: 17 0.80 ©.232 3.082 0.378 ©.042 H
H 18 1.01 ©.235 3.089 o.284 ©.036
i 19 1.2 ©.238 3.073 0.388 ©.0136
| 2e 1.23 ©.240 3.084 ©.39% ©.034
¢ 2t 1.36 0,242 3.083 ©.394 ©.032
: 22 1.4% ©.243 3.082 ©.386 ©.031
i 23 1.60 ©.245 3.072 ©.389 ©.028
g 24 1.71 o.2458 3.066 0.401 ©.027
: 25 1.85 ©.245 3.058 ©.402 ©.026
H 26 1.87 0,245 3.040 o.404 ©.024
27 2.08 ©.2458 a.0a7 0.403 ©.023
28 2.24 ©.2848 3.0480 0.805 ¢.o022
29 2.33 ©.245 2.014 ©.4067 ¢.021
e 2.45 ©.245 3.013 ©.407 ¢.021
3 2.58 ©. 245 3.018 ©.308 0.022
3z 2.88 ©.247 3.044 0.406 ©.023
33 2.84 ©.248 3.027 ©.407 e.021
34 3.19 ©.248 3.023 o.408 ¢.021
as 341 ©.247 3.024 o.408 ©.021
1 2.84 ©.248 3.017 0.407 o.0te

37 3.7 ©.,242 2.97% ©.407 C.0t%
5¢ 3.82 ©.2023 2.668 0,378 ©.027
51 3.83 ©.221 2,888 ©.381 ¢.038
52 3.98 ©.2323 3.047 ©.382 ¢.043
53 q.04 ©.23% 3.108 0.3886 oc.04d4
54 4.12 ©.243 3.13¢ ©.380 0.0482
55 a4.17 ©.245 3.128 0.394 o.041
56 4.27%7 ©.247 a.14¢ ©.395 ¢.041
57 4.37 ©.247 3.122 ©.397 ¢.038
58 4.43 ©.248 3.1214 0.3986 c.038
59 4.52 ©.245 3.080 ©.300 ¢.034
60 4.65 ©.245 3.078 ©.300 ¢.034
(3] q.78 ©.24a4 3.043 ©.3¢01 ¢.032
62 4.86 ©.2485 3.0G6E 0.4301% ©.032
k] 5.12 ©.243 3.038 ©.a01 ©¢.029
64 5.32 ©.243 3.038 o.301% ©c.031
65 5.68 ©.251% 3.015 0.300 ¢.028
66 5.986 0.2480 3.003 0.300 ©.027
67 6.30 0,239 2.994 ©.398 ©.028
68 6 .66 ©.236 2.9872 ¢.398 ©.025
68 6.97 ©.235 2.958 ©.396 ©.024
70 7.43 ©.234 2.9864 ©.395 ©.025
Tt &.t9 ©.232 2.950 ©.383 ©.026
72 8.79 ©.230 2.94ac0 ©.390 ©.026
73 5 .85 ©.227 2.912 ©.389 ©.026
74 16.29 ©.213 2.8%6 ©.3867 ©.039
75 t5.68 ©.212 2.848 6.270 ©.033
TE 15.78 ©.210 2.83% 0.370 ¢.036
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UNIVERSITY OF MANITOUBA
S50JL MECHANICS LABORATORY

SAMPLE MND., : T 720 [REMOULDED SAMPLE) |
INITIAL MOISTURE CONTENT z 50.7 PERCENT ]
SPECIFIC GRAVITY DF SOIL = 2.73 :
INITIAL ¥OID RATIO : 1.385 :
INITIAL HEIGHT OF SAMPLE © 12.77 CM i
INITIAL YOLUME OF SAMPLE t 581.20 CC :
EFFECTIVE PRINCIPAL STRESS RATIO = .00 :
:

FINAL MOISTURE CONTENT i2.5 PERCENT H

TX. CONSOLIDATICN START o184 EHND 270184 H
TRIAXIAL CONSOLIDATIOH TEST
PT EFFECT EFFECT STRAIN1 YOLUME STRAINZ EFFECT Q voIiD ¥ SHEAR
SIGMAT SIGMA3Z STRAIN P RATID STRAIN
1 §0.14 26.60 ©.852 1.8462 ©.25% 34 .38 23.54 1.360 2,360 0.4B45
2 §7.58 30,560 1.201 1.861 Q.380 58.83 27.09 1.338 2.338 *.548
3 §6.22 35.00 1.BET 2.698 0.621 45.41 31.22 1.323 2.323 0.681
4 76.048 40.30 1.997 3.200 0.E02 52.23 35.79 1.308 2.30% 0.8930
B 87.72 46.40 2.985 §.588 ©.7487 80.17 41.32 1.278 2.27¢ t.472
6 100.98 63.60 4.162 5.827 0.883 88.32 47.48 1.248 2.234 2.188
7 116.06 £1.60 6.482 T.304 0.826 79.69 54.56 t.211 2.211 3.018
-] 133.81 T0.%0 6.85% &.921 0.981 91.64 62.81 1,172 2.172 3.985
] 158.97 84 .60 8.817 10,831 0.957 108 .72 76.37 t.127 2.127% §.3086
1o 78.76 42.430 8.075 9.437 o.681 64.35 37.36 1.160 2.180 4.92¢9
11 78.72 42.430 8.131 9.408% o.632 64.284 37.32 1.181 2,181 4.9986
12 75.8¢0 44 .80 8.131 89.406 0.638 54.87 31.40 t.161 2.181 4.9986
13 T2.10 47.00 8.122 9.408 0.682 65.37 25.10 t.161 2.181 4,985
14 8&.30 49 .50 8.087 9.406 ¢.8588 58.77 1&.80 t.161 2.181 4.981
16 84 .EO 52.00 &.062 8.408 o.872 56.17 12.50 t.181 2.181 4.9238
16 £80.70 E4.60 &8.018 8,406 0.594 56.57 6.20 1.181 2.181 4.882
17 E7.00 ET.00 7.880 9.40& o.728 57.00 0.0 1.181 2.181 4.814
18 66.80 E6.80 7.812 8.4808 o747 58.80 0.0 t.181 2.181 4.776
18 66.80 56.90 7.870 9.4086 o.788 BEB.80 0.0 1.181 2.181 4.738
20 §6.90 6£.90 7.83% 9.406 0.784 BE.SO o0.¢ 1.181 2.181 4.7T04
21 §6.80 66.80 7.781 9.406 o.g08 E6. 80O 0.0 t.181 2.181 4.6586
22 66.80 §5. 80 T.782 9.406 0.812 EE. 80 0.0 t.181 2.1861 4.648
23 56.00 56.00 7.778 9.5806 0.814 56.00 0.0 1.181 2 1 4.633
24 56.30 56,30 7.766 9.4806 0.820 56.30 0.0 1.181 2.161 4.831
25 56.20 56.20 T.704 9.4086 0.8851 EE.20 0.0 1.181 2,161 3.568
26 5&.20 68.20 T.621 9.4806 0.893 .20 0.¢ 1.181 2,161 q.485
27 66.980 56.80 7.627 9,408 0.940 56.80 6.0 t.181 2.1861 4.392
28 56.80 56.430 ?.487 9.4086 0.959 56.40 0.0 t.181 2 1 4.3582
29 B4 .20 54.20 7.460 8.406 0.973 54.20 ©.¢ t.181 2,181 4.32%
30 £2.80 52.80 7.433 9,406 0.987 52.80 0.0 1.181 4.297
31 49.70 48.70 7.406 9.408 1.000 38 .70 0.0 t.181 .27
32 49,40 49. 40 7.378 9.4086 1i.014 49.40 0.0 1.181 4.244%
3z 48.80 48.80 7.364 8.4806 1.028 48.60 o.¢ t.181 4.219




SUMMARY OF ZSSENTIAL ANSULTS STORED IN Five
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PT  SlGMAl SIGMAY STRAINE STRAINS ¥
1 26.80 °.082 o.288
2 30.80 ¢.380
3 35.00 ©.82t
3 40,30 0,802
s 48.40 0.787
[ 83.8¢
? st.8¢
L4 10.70
[ s4.900
10 42,40
1 42.40
12 44. 50
13 4T.00
1% s .30 48.80
18 s4.80 8$2.00
17 80.70 S4. .80
17 87.c0
18 7.012
" 7.870
20 T.830
21 T7.78%
22 7.782
23 T.770
24 7.788
28 7.704 2181
28 T.021 1.181
27 7.827 2.181
2% T.487 2.181
as 7.480 2.581
30 7.433 2,981
an T7.408 z2.101
3z 7.378 2,181
33 4s.80 T.384 1.028 2,18t
UMIVERSITY OF MANITOBA
S0IL MECHANICE LABORATORY
EXNERGY CALCULATIONS
s$3ss  ENGINERRING STAAIN sess
SAMPLE NO. » T T20 (REMOULDED EAMPLE)
TEST AESULTS START sots4 ND 270184
T EFPECT EFFECT DRy EPFRCY AXTAL RADIAL YoL 3114 LSNY DELTA TOTAL
SIGMAL SIGMAY STRESS OCT STRATM STRAIN STRAIN ENERGY ENNRGY
KPA KrA KPA STRESS % % % KPa X KN-M/YOL KM-M/¥OL
KPA
1 0.1 28.5 23.8 3. 0.9852 0.28% 1.482 0.0 0.0 ©.0
©.208
2 $7.¢ 30.8% 27.1 an.s t.201 ¢.380 1.881 5.4 0.208
0.312
3 8.2 3s.0 31.2 48,4 1.887 o.821 2.838 20.1 0.7 °.818
©.374
4 8.1 40.3 3s.s 2.2 1.997 ©.002 3.200 32.% t.2 o.882
c.8T8
3 7.7 as.4 41.3 80.2 2.998 ©.787 £.8508 48,9 2.2 1.470
t.197
[] 18t.0 3.8 arT.5 9.3 . 182 0.883 5.927 3.8 3.3 3.087
1,480
? 1181 51.8% [T .1 $.483 o.e28 7.304 82.4 4.8 4517
1.983
s 133.8% 70.7 2.8 .3 s.880 o.081 s. 021 104.2 8.1 s.470
2.838
. 180,90 54,8 5.4 100.7 s.917 o.987 10,831 137.2 8.0 9.308
“1.300
to 7.8 42.4 37.4 549 8.078 o.881 0.437 37.2 7.1 7.848
c.008
1 7.7 42.4 37.3 4.8 8.131 0.838 $.408 37.2 7.2 7.084
0.0
12 TE.8 44.8 2t1.4 $8.0 8131 c.028 9.408 3s.2 7.2 : T.084
-0.003
13 72.1 4£7.0 28.1 5.4 3.122 0,642 B.408 38.4 7.2 T.881
e, 008
e 8.3 40.% 18.8 5.8 s.097 0,888 $.408 37.3 7.2
~0.008
1% 4.8 82.0 12,8 8.2 s8.083 ©.872 8.408 3s.e T
0. 004
1 0.7 54,5 .2 [ T ] $.018 o.888 2.408 41.0 79
-0.002
17 7.0 87.0 .0 57.0 7.880 ©.728 .408 43.7 7.0 T.8534
0.0
" 8.3 58.8 o.0 BN.3 T.812 0.747 ».408 4.4 1.0 T.8234
0.0
1 8.9 Bs.9 0.0 58.8 T.870 0.788 $. 408 ~43.% 7.0 7.834
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T 20 5.0 TR 0.0 TN 7.83%  o.7as v.a08 a5 s :'° 7.338 . SR
. 21 ss. se.0 °. . 17.791  o©.so0s *.408 2.1 8.8 o:o 7,034
22 [ ss.s 0. 5.5 7.782  o.812 s.408 a1, s.w o0 7.934
23 ss.0 5s.0 0.0 s5.0 T.771%  o.8%4 9.408 2.1 8.0 o0 7.834
24 58.3 s8.3 .0 s8.3 7.768  o©.a120 2.408 2.4 5.9 oo 7.834
a8 3.2 5.2 0.0 5..2 7.704 0.8%1 8.408 42.4 .8 °:° 7.834
é 28 $8.2 8.2 °. s5.2 7.621  o.e03 ». 408 az.4 8.7 0.0 7.934
! 27 56,9 ss.0 e.0 ss.e 7.827 o.s40 e a5 s o0 7.834
H 28 6.4 5.4 .0 ss.4 7.4887  o.s8p s.408 42,7  e.8 o0 7.834 :
23 $4.2 sa.2 e.0 Ba.2 7.480  ©.¥73 0408 LTV oo 7.834
i 30 52,8 s2.3 s.0 52.a 7.433  0.987 n.408 37.3 8.8 o.o T.034 §
[ 2 an.1 a7 6.0 a7 7.408 1.000 3.408 2.2 e.8 -o:oeo 7.934 !
32 a0.4 an.a 0.0 as.4 7.31%  1.01a 8.408 12.8 8.8 o. 000 7.834
iz as.s 4.8 s.0 an.s 7.384  1.028 8408 3.3 &6 7.834
;
ol
) -
UNIVERSITY OF MANITORA :
SOJL MECHAMICS LABORATORY ;
ENERGY CALCULATIONS
sxes NATURAL STRAIN weee -
SAMPLE NO. 3 T 720 [REMOULDED SAMPLE)
TEET RESULTS START so1s4 END 270184
PT  EFFECT  EFFRCT  DEY EFFECT  AXIAL  RADFAL  vOL LSSY  Lamy DELTA T07TAL
SICMA1  S1GMAI  STRESE OCT STRAIN STRAIN  STRAIN ENERGY  ENERGY
KPa KPA KPA sTRess X x X KPA % Ku-M/¥OL KN-M/¥OL
t 50.1 28.8 23.4 34.4 c.e88  ©0.2%3 1.473 6.0 0.0 e.o
2 [T 10.5 27.% 3.8 1.208 ©.3a% 1.981 5.4 o.3 ©-3208 0.209
3 se.2 ..o 31.2 a5.4 1.800  o©.332 2.832 20,1t 0.7 o-318 o.827
: . 78.1 40.3 as.8 $2.2 2.017  o.E18 3.283 32.8  t.2 o-3ue o.ett
f 3 57.7 4.4 s1.3 0.2 3.081  o0.8t7 4878 as.2 2.1 1-on 1.922
: s 101.0 53.% 47.8 .3 4.281  ©.830 s.110 3.8 3.1 '-z8a 3.t78
H T 1181 [T [T 8.7 5.507  oO.888 T.804 $2.4 4.2 183 4718 ]
s 1338 70.7 52.3 .3 7.213  1.088 5.3484  to4.2 .4 308 s.821 :
s 180,90 548 78.4 ton.7 8.340  1.082 11.48& 137.2  &.% 3-re 8038 i
10 108 az.4 7.4 B4.0 s.818  o.7a7 v.013 2 1 ' s.433
: 1 78,7 52.4 17.3 54,8 .58t o.888 .87 Ir.2 1.8 ©-o08 8. 44t
: 12 5.8 a8 31.4 s8.0 s.481  o.se ".878 38,2 7.s °-® Ty
13 72.1 s7.0 28.1 [T 8.471  ©0.704 .87 as.a 1.y O s.432
1a T ] an.s 15.8 $5.8 . B.843  0.718 0.378 ra 1 00 $.432
15 TR 52.0 12.8 T 2.4507  o.738 s.878 e 2. 0t s.427
ts ¥0.7 sa.n .2 TR 8.387  o.781 t.578 ero 7.a 000 8,422
N 7 $7.0 5.0 0.0 7.0 s.283  o.78s 9.878 437 1.4 %% 8.420
© s 55.8 583 °.0 5.8 8.242  o.a1e 2.57s $3.5 1.3 e-° 8.430
1) 5s. 8 vt s 0.0 ts.0 8,107 o.841 0.8 azs 7.y 0000 s.420




0
n
22
23
24
28
I
27
23
29
30
3
32
33

5.9
e. 8
EE. 8
50.0
5.3
5.2
8.2
5.9
5.4
4.2
2.8
9.7
40. 4
43.9

.0
Es. 8
is.s
$6.0
$0.13
8.2
8.2
L1 ]
5.4
4.2
2.8
49.7
4an.a

48.8

5.0
58.8
5.8
5.0
3.3
5.2
8.2
8.8
is.4
4.2
2.3
4.7
49 .4

&.183
s.t112
s.101
$.008
a.034
5.018
T.928
T.828
7.782
7.783
7.723
T.004
T.088

7.838

0.588
0.584
o.508
0.890
o.807
.83
©.978
1.028
t.048
1.063
1.07%
1.082
1.108

1.120

.878
2.878
9.8378
.878
1.57a
.878
.57
.878
2.878
$.878
$.878
2.878
5.878

.47

43.8%
43.1
41.8
42.1
41.1
42.4
42.4
431.8
az.7
3.4
37.3
31.8
32.4

1.3

7.3
7.2
7.2
7.2

7.2

~0.000
0,000
=0.000
-0.000
-0.000
~0.000
-0.000
-0.000
~0.000
-0.000
~0.000
~¢.000
-0.000

+0.000

$.420
$.420
8.420
5.420
§,430
4.420
8.420
8.420
8.420
8.420
8.420
5.420
s.420

8.420
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UKIVERSITY OF MANITOBA

S0IL MECHANITS LABORATORY

SAMPLE HOo. =

T 720

EREMOULDED

SAMPLE HEIGHT AFTER CONSOLIDATION =
SAMPLE YOLUME AFTER COHNSOLIDATION =

SAMPLE AREA AFTER CONSOLIDATEIOR

CONSTANT LDAD
PROYVING RING
PISTON AREA

IHITIAL DIAL READING

SHEAR TEST RE

PT TIME
1 832
2 840
3 as50
4 890
5 at1o
3 820
7 230
8 a40
] aso

1] 1000

t 1010

12 1020

t3 1030

14 1040

t5 1050

tB 1100

7 1115

ts 1130

t9 1145

20 1200

21 1218

22 1230

23 1240

25 13186

25 1340

28 1400

27 1420
28 1350
29 1500
3o 1530
31 1659
32 1600
33 &030
aa 1601
35 1602
36 1604
a7 1608
33 1615
ES] 1630
40 1700
41 1204
a2 2004
a3 856
44 900
4as gt0o
46 a20
a7 230
48 540
49 850
50 1000
51 10185
52 1030
53 1045
S4 1193
§5 1115
$6 1130
s7 11458
58 1200
S8 1230
B0 1300
B1 1330
B2 1308
53 1507
6& 1717
S 1766
66 18481
B7 21562
68 813
3] 852
79 803

SAMPLE}

t1.780

CENTIMETRES

526.278 CUBIC CENTIMETRES
44 .675 SQUARE CENTIMETYRES
T 11.28 H .
FACTOR : 1.2365 N ./DIV
= 2.8500 SQUARE CENTIMETRES
= 1819.80 DIYISIODHNS
SUETYS START 2501823 EHD 300184
ST
DISPL PRING PORE PER EFFECT EFFECT HALF GEY EFFECT
O1AL DIAL PRESS CENT SI1GMAN S1GMA3 DEY STRESS (12 ¢
RDG RDG XPA PCSTRN KPA KPA STRESS KPA STRESS
KPA KPAa
1818.8 183.1 200. 1 0.0 5¢.0 52.3 18.9 37.7 54.9
1817.8 202.0 202.8 0. 02 £2.9 30.0 21.5 42.9 53.3
1813.¢ 218.2 204.4 0. 08 85.8 38.1 22.8 47.7 54.0
1807.2 232.% 205.8 0. 11 88.2 36.7 25.7 51.5 52.9
1800.8 244 .4 206.8 0. 16 90. 4 35.8 27.3 54.6 54.0
1798.2 258.2 207.8& ©.22 82.5 35.0 28.8 57.% 54.2
1788.2 265.0 208.4 ©.27 84.5 34.3 301 60.2 54.4
1778.7 27&.7 208.8 ©. 32 86.8 33.9 31.4 62.8 54,9
11731 282.0 208.5 0.4a0 98.7 33.8 32.8 64.8 55.4
1765.4 289.8 208.0 0,45 100, 2 33.2 32.5 67.0Q $5.85
1768.8 2896.2 208.3 0.52 101.7 33.0 34.3 6&.7 $6.9
1748.8 308.0 209.8 = -3 -] t03.5 32.5 35.5 71.0 $6.2
1740.5 309.1 209.6 ©.B7 tod.8 32.7 36.1 T2.1 56.7
1732.3 315.0 209.6 0. 74 106.8 32.9 36.8 72.7 7.5
1725 .0 318.0 209.4 o.81 t07.6 33.1 37.2 74.5 57.9
11158 321.8 209 .4 o. 88 108,85 3a3.1 37.7 75.4 58.2
1702. 6 a26.7 208.2 0,93 t1e.1 32.4 3s8.3 TE. 7 52.0
1688 .14 230, 2 208.0 1.11 111.3 32.7 3&.8 77.6 5%3.6
1674.8 233.5 208.6 1.23 t12.58 34 .1 39.2 78.4 60.2
1659.2 223.7 208 .1 1.36 t12.8 34.5 39.2 78.3 BO. B
1645.2 335.8 207.9 1.48 113.2 34.7 39.3 74.5 60.9
1632.3 335.2 207.86 1.5% t13.8 36.0¢ 39.4 73.8 61.3
1613.8 azs. 1 207.2 1.7% t14.3 35.1 39.6 78.2 61.5
1589.7 339.2 207.0 1.98 t14.8 35.5 39.7 75.3 61.9
1567.8 339.7 20E.8 2.14 t15.1 35.8 39.7 78.3 62.2
1548.0 338.38 206. 6 2.31 t15.2 36.¢C 39.6 78.2 62.4
1528.8 339.9 206.4 2.47 t15.2 36.1 3.6 78.1 62.8
1512.5 2329.8 208.2 2.B81 115.3 36.3 39.5 7%.0 62.6
1491 .2 328.8 206.3 2.79 t14.8 3.1 39.23 78.8 62.43
1458.2 a3s. s 208.4 3.07 t14.7 36.1 a9.3 78.6 62.3
1432.¢ az9.7 206.4 3.28 t14.68 36.1 39.2 74.4 62.2
1432. 8 239.7 RELAXATIDOH TEST
1430.5 338.0 RELAXATIDH TEST
1430.0 335.8 RELAXATIDH TEST
1429.7 333.8 RELAXATIONR TEST
1428.2 331.8 RELAXATION TEST
1427.8 328.7 RELAXATION TYEST
1426.8 324.4 RELAXATIDR TEST
1425.3 318.5 RELAXATION TESY
1426.8 A15.0 RELAXATION TEST
1423.3 307.8 RELAXATION TEST
1421.7 302.4 RELAXATION TEST
1529.2 293.1 RELAXATIOR TEST
1420.2 293.1 205.7 3.39 102.4 36.58 32.8 65.9 58.5
1416.4 317.0 208.1 3.42 106.3 343 36.1 72.2 58.2
1811.3 331.2 209.2 3,47 05,3 33.1 38.0 76.0 58.4
1404.8 239.2 2039.4 3,82 11t.0 12.9 38.0 78. 1 52.8
1396.7 343.7 209.4 3.838 112.2 33.0 38.8 79.2 59.4
1387.7 346.89 208. 8 3.67 1124 3. 40.0 80.0 59.8
1378.7 357.0 202.89 3.74 113.6 33.8 49.0 80.0 E0.2
13645.8 347.7 20&.5 3.86 114 .1 35.0 40.0 80.t 80.7
1380.0 347.8% 203.2 3.89 1t4.4 35.5 4¢.0 79.9 g1.1
1336.4 347.2 202.0 4.10 114.4 3&5.7 39%.9 79.7 £1.3
1316.48 346.3 207.9 4.26 114.2 35.8 38.7 79.4 61.3
1307.0 345.8 207.9 4.35 113.8 4.7 35.6 79.1 g1.1
1282.8 345.3 207.8 a.47 114.0 35 .1 38.4 78.9 81.4
1278.2 344.6 207.8 4,60 113.7 as.1 358.3 78.6 61.3
1263.6 343.5 207.9 4,72 113.2 35.0 38.1 78.2 E1.1
1233.8 334.0 207.8 4,987 113.8 35.3 38.1 TE. & B1.3
1217.86 332.8 206.9 5.1 113.86 35.9 38,9 7.7 E1.8
1180.2 342.0 207.0 .43 112.85 35.2 38.86 77.3 §1.0
1132.8 3412 206.% $.75 112.3 35.85 38.4 T7E6.8 1.1
1088.2 34¢c.0 207.2 6.21 111.8 35.4 38.1 76. 14 80.8
866.8 337.0 207.8 T.24 1¢9.4 35.9 37.2 74.5 §9.7
8927.6 33s5.8 207.8 7.87 108 .4 345.5 37.0 73.9 58.1
832.0 336.5 208.1 8.39 107.9 35.4 36.7 73.8 68.9
T12.2 332.2 208.4 .40 105.9 35.4 35.8 71, 58.2
130.2 335.86 208.8 14,38 101.4 32.7 34,4 8.7 55.8
82.6 336.% 210.0 t4. 66 1¢0.9 32.4 34.3 BE.5 55.2
85.2 335.8 210.0 L I < § 180,86 32.4 3451 B8.2 55.1

RATIO BF
EFF SIGMAT
EFF SIFMA3

-6882
.074
252
402
.825
.6aa
. 758
.8E64
.818
017
.08
185
. 208
<240
.248
.278
288
-301
.23%8
2710
-282
-252
- 257
.235
218
.201
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.57
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UHIVERSITY OF MAHITOBA
S0IL MECHANICS LABDRATORY

SAMPLE ND. ¢ T 720 (REMOULDED SAMPLE}
CONSOLIDATION AXJAL STRESS 80.00 KPA

PRECONSOLIDATION PRESSURE z 159.57 KPA
HORMALLIZING STRESS s 158 .37 KPA

NORMALIZED SHEAR TEST RESULTS START 280184 END Jooiasz
PT PER HRMLZD EFFECT HRML 2D HRMLZD
CENT HALF RATIOD aCcT CHANGE
PCSTRH DEV S1GHA1Y STRESS IR PWP
: STRESS S1GMA3 KPA KPa
H KPA
1 0.0 ©.118 1.892 0.343 0.0
2 0.02 ©,134 2.074 0.340 0.015
: 2 ©.08 ©.14a89 2.252 0.338 0.027
| 4 0. 11 .61 2.802 0.337 ©.028
5 ©. 18 °.171 2.525 0.338 0.042
3 0.22 ©.180 2.644 ©.33% 0.047
T ©.27 ©.188 2.758 0.340 0.052
& Q.34 ©.198 2.854 ©.343 0.054
] 0.40 ©.,203 2.919 ©.348 0.053
10 0.48 ©.208 3.017 ©.347 0.0586
11 0.52 o.215 3.081% ©.345 ¢.058
12 o.60 ©.222 3.188 ©.351 o.081
13 0.67 ©.22% 3.208 ©.355 0.059
14 .74 0,230 3.24¢ ©.359 0.058
15 ©.81 Q.233 3,249 ©.362 ©.058
16 0.88 0.238 3.279 0.364 ©.068
7 ¢.99 o. 2580 3.2986 ©.369 ©.087 :
: 18 .11 o242 3.301t ©.272 ¢. 086
: 18 .23 0.245 3.298 ©.376 ©.053
R 2¢ .36 0.245 3.27¢ ©.379 ©.050 o
i 2t .48 0.245 3.283 ©.281 ¢.049
22 t.69 0.258 3.252 ©.383 c.o0a%
: 23 1.75 ©.2488 3.287 ©.384 ©.045
24 .88 0.248 3.23% 0.387 ©.043
28 2.14 ©.248 3.218 0.289 0.042
3 26 2.3 C.248 3.201 ©.39¢ 0.041
27 2.47 ©.2a7 3.182 ©.38t¢ 0.039
z8 2.61 Q. 247 3.176 ©.39¢ 0.038
29 2.7% ©.245 J.1843 ©.39¢ ©.039
30 3.07 0.2456 3177 ©.388 0.039
K 31 3.2%9 ©.245 3.172 ©.388 0.03%
z 44 3.39 ©.208 2,805 ¢.365 0.035
45 3.482 ©.226 3.119 ©.364 0.050
46 3.47 ©.238 3.29886 ©.365 0.057
47 3.82 ©,243% 3.3743 9.368 0.058
a8 3.59 0.248 3.401 . 371 0.058
4% 3.87 0.259 3.417 Q.374 0.053
50 3.74 0©.2590 3.3s58 0.276 0.0855
51 3.86 ©.2560 3.355 0.1379 0.083
52 3.8¢2 ©.250 3.317 o.382 0.081
52 3.10 C.24a8 3.297 ©.383 0.049
54 4.26 ©.248 3.280 0.383 0.049
S5 4.35 0.247 3.281 0.382 0.049
56 4.47 ©.247 3.248 0.384% 0.048
57 4.60 a.2486 3.230 ©.383 0.4 H
58 .72 &.244 3.238 0.382 0.049
59 4.97 o.2434 3.218 0.383 ©.047
14 B.11 o.242 3.165 0.38¢% 0,043
B1 .43 ©.242 3.198 0.381 0.043
! 62 5.75 0.240 3.1864 0.382 0.043
63 6.21 ©.238 3.180 0.380 0.044
Ea T.24 ¢.22323 3.134 0,373 0.048
BS T7.87 o.231 3.143 0.370 0.048
66 &.38 ©.230 3. tas 0,368 0.050
67 9.40 ©.224 3.080 0.364% ©.052
68 14.34% 0.215 3.1014 0.34%8& 0,081
9 13.66 0.2143 3.1186 0.345 0.062
10 14,72 0.213 3.108 ©.345 0.082
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SAMPLE NO. * T 722 [REMOULDED SAMPLE]}
INITIAL MOISTURE CONTENT 47.1 PERCENT

SPECIFIC GRAVITY OF SOIL 2.73
IRITIAL YOID RATIO s 1.25886
IHITIAL HEIGHY OF SAMPLE = 13.04 CH
JRITIAL VOLUME OF SAMPLE * 583 .58 CC
EFFECTIVE PRINCIPAL STRESS RATIO r 0.B3
FINAL MOISTURE COHTENT L3 40.6 PERCEHRT
H TK. CONSOLIDATION START ioz84 END 150284
i TRATAXIAL CONSDLIDATION TEST
PT EFFECT EFFECT STRAINt VOLUME STRAIN3 EFFECT Q YoID v SHEAR
SIGMA1 SI1GMAZ STRAIN P RATI1D STRAIN
1 E0.02 26.60 ©.937 1.145 0.098 34.33 21.52 1.260 2.260 0.585
2 E7.80 30.50 1.133 1.373 o.120 38.50 27.00 1.254 2,258 0.BT6
3 66.18 35.00 1.411 1.803 Q.198 45 .38 31.16 1.248 2,345 0.810
3 76.10 40.30 1.853 2.425 Q.287 52.23 36.80 1.230 2.230 1.048
& 87.82 46.40 2.589 3.363 0.352 60.14 41.23 1.208 2.208 1.452
6 100.82 £3.30 3.879 4.641 0,488 89 .21 47.42 1.180 2.180 2.132
- 7 115.8B6 ei.40 4.317 5.877 0.620 T8 .58 54 .58 1.1488 2,148 2.828
& 133.45 70.70 &.J308 7T.502 0.598 21.62 62.7S 1.114 2.114 3.805
9 160,90 84 .80 8.108 §.385 0.57% 109,87 75,20 1.072 2.072 5.079
10 79.76 42.30 7.3587 T.829 0.241% 64,35 27.38 1.107 2.107 4.744
i 7%.M 42.40 7.428 7.800 0.1886 54,84 37.31% 1.107 2.107 4.828

SUMMARY OF ESSENTIAL RESULTS STORED IN FILE

PT SIGHMAY SIGMA3Z STRAINY STRAIN3 v 4
1 50,02 25.50 ©.947 0.099 2.260
2 57.50 30.50 §.133 o.120 2.254
3 65,16 35.00 1.411 o.1985 2.245
4 78. 10 80.30 1.853 ©.287 2.220
& 87.683 46.50 2,569 ©.382 2.208
E 100.82 53.40 3.679 O.481 2.180
7 i16.85 B1.40 4.817 ©.53¢0 2. 189
& 132 .45 70.70 6,308 ©.5%8 2.118
] 160.00 a4.a0 8.188 ©.579 z2.072

1 78.76 42.40 7.357 ©. 241 2.t07

1% 78.71 32.40 7.4828 ©.186 2.t0?
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SAMPLE KO. t T 722 [REMOULDED SAMPLE}
TESTY RESULTS START 10284 END 150284
PT EFFECT EFFECT DEY EFFECT AXTIAL RADIAL voL LSSY LSHY GELTA TOTAL
SIGMA1 SIGHAZ STRESS OCT STRAIN STRAIN STRAIR ENERGY ENERGY
KPA KPA KPa STRESS % % x KPa % KN-MW/YOL KN-M/VOL
KPA
1 506.0 28.8 23.85 34.3 0.547 ©.0880 1.148 0.0 .0 0.0
9.812
2 57.5 30.8 27.0 39.5 1.133 ©.120 1.373 9.4 .2 o 112
0.221
3 66.2 is.o 31.2 45.4 t.411 0.186 1.802 20.1 .5 ©0.332
Q.383
L3 78,1 20.3 35.8 2.2 1.853 0,287 2.426 32.8 ¢.9 9.716
a.878
5 87.%6 56.4 4t.2 60.1 2.568 0,382 3.353 47.0 [ 1.393
1.138
& 100. 8 53.4 87.8 6%.2 3.878 0.481 4.641 63.6 2.8 2.528
i.388
7 £16.8 B1.4% 54.6 7%.6 4.917 ¢.630 5.877 82.4 a.0 3.827
1.822
] t33.4 T0.7 B2.8 91.6 6.308 ©.588 7.502 104.2 5.4 5.748
2.746
9 160.0 53.8 75.2 t08.8 s.198 ©.579 8.353% 137.5 7.3 5.894
-1.438
10 78.8 42.4 37.4 54.9 7.357 ©.241 7.839 37.3 6.4 7.088
0.010
1 78.7 42.4 37.3 54.8 7.428 ©.188 T.800 37.2 6.5 7.066
UNIVERSITY OF MANITOBA
SOIL MECHANICS LABORATORY
ENERGY CALCULATIONS
zzas HATURAL STRAIR sz
SAMPLE N&. t T 722 {REMOULDED SAMPLE])
TEST RESULTS START 10284 END 150284
PT EFFECT EFFECY DEY EFFECT AXIAL RADIAL VoL LssY LSHY DELTA TOTAL
SIGMAT SIGMAZ STRESS DCT STRAIN STRAIK STRAIR ENERGY ENERGY
KPa KPA KPA STRESS % % % KPa % KH-M/¥OL KN-M/VOL
KP&
1 50.0 26.5 23.38 34.3 ©.8952 0.100 1,162 ©.0 o© 0.0
o.113
2 $7.5 30.5 27.0 33.5 1.140 o.121 1.383 9.4 2 0.113
0.225
3 6.2 35.0 31.2 a5.4 1.421 o.198 1.818 2¢.1 5 0.338
©.38¢0
4 76.1 40.3 35.8 52.2 1.870 ©.293 2.458 32.86 1.0 0.728
©.696
H 87.86 46. 8 41.2 §0.1 2.603 ¢.404 3,810 47.0 1.7 1,428
1.178
[ 100.8 3.4 47.4 9.2 3.74% ©.502 4,762 3.5 2.9 2.602
1.488
7 116,89 1.8 54.8 79.8% 5.042 ©0.5851 6.183 82.4 4.1 4.071
1.943
& 133.4 70.7 62.8 gi.86 6.514 ¢0.8482 7.788 104.2 5.8 6.014
2.980
E 160.0 4.8 75.2 109.8 8.553 ©.634 9.822 137.5 7.8 2.594
-1.588
10 8.8 4z2.4 37.4 54.9 7.641 ©.261 8.163 37.3 6.7 7.428
©.011
11 78.7% 42.83 37.3 53.8 7.718 ©.201 8.121 37.2 E.& T.437
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SAMPLE NO. = T 722 (REMOULDED SAMPLE}
SAMPLE HEIGHY AFTER COMSOLEDATIOR

SAMPLE YOLUME AFTER CONSOLIDATIOR
SAMPLE AREA AFTER CONSOLIDATEDON

12.083 CENTIMETRES
547.259 CUBIC CENTIMETRES
45.2%4 SQUARE CENTIMETRES

CONSTANT LDAD = 1.38 K
PROYIHG RING FACTOR s 1.0225 K ./p1Y
PISTON AREA = 2.8500 SQUARE CENTIMETRES

INITIAL D1AL READING = 15%28.30 DIVISIONS

SHEAR TEST RESULTS START 150284 END 170234

CONSOLIDATED UMDRAIKED TRIAXIAL TEST

PT TIME DIsPL PRING PORE -PER EFFECT EFFECT HALF DEY EFFECT RATIO OF A
Olat DEAL PRESS EERT S1GMA1L SIGMAJ DEV STRESS ocT EFF SIGMal
RDG RRG KEA PCSTRK KPA KPA STRESS KPA STRESS EFF SIFMA3
KPA KPA
1 843 1928.9 302.3 499 .8 0.0 79.1 42.8 18.3 36.86 54,7 1.862 .0
2 850 1525.1 319.3 501.4 0.01 1.2 40.8 20.2 40.58 54.3 1.892 ©.42
3 855 1827.2 330.1 502 .8 o0.01% 2.5 38.6 21.4 42.8 3.9 Z2.083 C.48
a 900 1926.3 344 .0 503 .8 0.02 8a.5 38.5 23.0 46.0 53.8 2.1885 .43
5 8905 1928.2 357.2 504.9 ©.02 8E6.4 37.4 248.5 48 .0 53.7 2.311 .41
13 810 1924 . ¢ 387.2 505.3 ©.04 88.1 36.8 25.8% 5.3 53.9 2.3%3 ©.38
7 815 1922.8 376.8 B06.5 ©.05 89.3 35.8 26.7 53.5 53.86 2.493 .40
8 920 t821.5 386.2 507.2 ¢.06 80.6 35.1 27.8 56.5 53.6 2.582 ©.39
9 8925 19t12. 0 385.2 507.5 Q.08 92.43 34.8 28.38 57.86 54.0 2.E654 .37 -
1¢ 930 1916.8 402.86 507.7 o.10 §3.6 34.4 29.86 58.2 54 .1 2.722 ©.35
i 11 935 1912 .8 4t0.0 508.2 ©.12 95.¢0 34.1 30.43 §C.9 54.4 2.785 0,35
: 12 8RO 1910.8 4156.8 508.4 0.15 86.3 33.8 35.2 62.4 4.7 2.840 ©.33
13 845 1907.8 422.3 S08.5 .17 87.3 33.7 35.8 63.6 54.8 2.888 o.32
14 850 19043 .5 427.5 508.3 ¢.20 88.5 33.7 32.4 64.8 55.3 2.923 o.30
: 18 1000 1888.2 437.90 508.7 ©.28 10¢. 4 33.5 33.3 66.9 5.8 2.99% Q.29
H 18 1010 1881.2 455 .2 508.5 ©.31 102.4 33.7 24.3 68.7 S6.6 3.038 .27
: 17 to20 1882.2 452. 4 508.86 ©.38 i0d.0 33.7 36.1 T0.3 €7.1 3.085 ¢.26
18 tolo 1875.0 452 .3 508.2 ©.45 105.8 34.0 35.8 T1.5% 7.8 3.104 0.25
19 todo 1866.8 462.5 50&.2 ©.581 106.8 351 36.3 72.7 8.3 3.3 ©.23
20 toso 1858.2 367.8 E0&.0 .59 107.8 35,2 26.8 73.8 S8.7 3.5 ©.22
21 ti1o006 1843 .8 a70.8 5¢7.5 ©.88 108.7 4.5 Az 75.2 59.2 3,81 0.20
22 t11¢e 1841.2 374 .8 5¢7.85 ©.73 108.8 34.38 37.85 75.0 8.8 3.158 0.20
23 1120 18356.3 475 .2 507.0 .77 110.4 3.3 27.58 75.1 50.3 3.127 0.149
24 1130 1827.5 479.2 507.0 0.24 t11.2 35.3 38.0 75.8 BO.6 3.181 ©.18
25 1148 1814 .6 4582.6 506.4 ©.85 112.2 5.6 38.3 76.86 61.1t A.152 .57
28 1200 1s00.8& 485 .1 5CE6.6B .08 112.8 as.7 38.5 T7.1 E1.4 3.188 .17
27 1215 1787.0 487 .1 $06.5 .17 1§3.3 35.9 3&.7 7T.4 61.7 3.187 O.t6
28 1230 1773.¢ 488.2 S0E&. 8 1.28 113.8 36.0 3.8 17.6 6§1.8 3.185 o. 17
29 1248 1768 . § 489 .2 506.13 1.81 114 .1 36.4 3&.8 7.7 62.3 3.135 C. 16
30 1300 1T43.6 480.2 506.0 1.83 114.4 35.6 3.8 77.8 62.5 3.128 0. 15 H
3] 1315 1731 .1 481.0 §05.8 1.64 114.7 36.8 39.0 17.8 62.8 3.117 Q.15
32 1330 1716.7 481.8 §05.7 1.786 114.8 36.9 39.¢ 72,0 62.9 3.113 o.ta B
a3 1348 1703.7 482.2 505.6 1.886 115,90 37.0 38.9 78.0 63.0 3.108 o.14 g
34 1400 1688.2 492.8 505.3 1.98 115.2 37.1 39.0 78.1 83.1 3.104 o,13 3
4 as 1315 1678.8 483 .1 505.4 2.10 its. 0 37.0 38.0 78.0 63.0 3.108 o.1a H
3 36 1430 i660.8 493 .2 505.48 2.22 it5.0 37.0 135.90 78.0 €3.0 3.107 o. 14
5 37 1445 1846.0 493 .2 505.9 2.34 115.2 37.3 38.38 77.8 62.3 3.088 o.13
H s 1500 t1633.0 493.3 606, 1 2.45 it5.0 37.2 3.9 77.8 862 .1 3.091 .12
38 1530 15042 493.2 505.90 2.869 ita.8 37.2 3s.8 7.6 63.1 3.0488 o.12
a0 1559 1878.2 491.0 504.8 2.90 it3.1 37.2 38.5 76.9 62.8 3.089 0.12
at 1600 t578.2 491.0 RELAXATION TEST
42 &030 1577.5 490.2 RELAKXKATION TEST
43 16801 1877.2 489 .2 RELAXKATION TEST
aa 1602 15%76.80 487.4 RELAXATION TEST
a5 1604 t876.0 385 .1% RELAXATION TEST
a5 1608 1875. ¢ 281.2 RELAXATION TEST
a7 1615 1574 .2 476.8 RELAXATION TEST
48 1630 1872.7 470.8 RELAXATION TEST
43 1700 1570.8 485.¢ RELAXATION TEST
S0 1801 1569.¢ 459 . % RELAXATION TEST
51 2000 1867. 1 452.8 RELAXATION TEST
52 847 1863.2 439.3 RELAXATION TEST
53 &850 1563.2 438.3 505.3 3.03 to3.2 7.7 32.7 65.5 59.58 2.737 °.19
54 &55 1561.8 451.3 505.2 3.02 105.5 37.4 34.1 68.1 0.1 2.821 .17
55 soo 1560.2 462.7 506.90 3.05 107.1 36.5 35.3 70.6 £0.0 2.935 o.18
56 10 1655.3 480.8 507.2 2.08 109 .82 35.4 37.3 74.5 0.2 3.106 ©.20
57 920 iss8.8 a491.2 507.4 2.15 112.0 as.2 3:.4 76.8 80.8 3.181 ©.19
S8 a3¢ 1541.2 4897.2 507.3 3.21 113.2 35.3 35.0 T8.0 1.3 3.2t0 .18
58 EL L] 1532.7 500.9 506.% 3.238 114.2 35.7 39.3 T78.6 $1.9 3.201 ©.17
60 14 ] 1523.8 501.2 506. 4 2.385 114.7 35.9 33.4 78.8 62.2 3.188 ©.16
3] tooc 1516.1 501.8 506.32 3.42 116.2 36.3 39.43 78.9 62.86 3.9172 ©.15
62 to015 1500. 8 501.8 506.1 2.54 116.2 36.4 389.4 78.8 62.7 3.564 .15
63 1020 1487.5 501.8 5¢5.8 3.65 116.3 36.6 39.3 78.7 62.38 3.i50 ¢.15
64 tos50 1467.6 501.3 5¢5.5 3.82 1156.2 36.8 39.2 78.4 62.9 3.§32 o.14 i
65 1118 18342.2 E00.7 505.7 4.03 i14.8 3.8 38 .1 78.1 62.8 3.123 0. 14 :
56 1180 1410,5 499.8 505.8 4.29 114.3 36.6 38.9 77.7 62.5 3.t24 9.15 g
67 1231 1372.0 428.7 505.8 4.61 113.8 36.6 38.6 77.2 62.3 3.810 0.15 H
£8 1258 1346.5 488.0 505.8 4.82 113.8 36.6 38.6 76.9 62.2 3.102 .15 H
89 1330 1315.7 487.4 505.7 5.07 113.4 3.8 38.3 76.8 62.3 3.9081 0.156 H
10 1402 1284 . 8 485.4 505.6 5.33 113.0 36.8 33.1 T76.2 62.2 3.¢70 ¢.16
T 1500 1232.0 585.0 505.6 5§.77 t12.7 37.2 37.7 75.5 B2.4 3.929 ©.15
72 16851 ite2.9 453 .8 $0%5.3 6.17 111.4 38.5 37.5 T4.8 E1.5 3.052 Q.17 £
73 1602 1172.2 483.6 50§.3 £.28 111.2 36.3 37.4 Th.8 B1.3 3.058 Q.17
T4 1653 i129.9 495.5 506.3 6.61 111.3 36.49 27.6 T4.8 E1.4 3.053 0.17
75 1918 991.1 497.2 506.6 7.78 110.5 36.2 37.2 74.3 g1.0 3.054 o.18
76 2258 784.3 497 .1 507.¢ 8.47 108.7 35.8 35.6 72.8 g0.1 3.038 0.20
T 738 293.85 501.8 JS07.6 §3.53 105.8 as.z2 35.3 70.86 58.7 3.0086 ©.23
T8 804 270.6 501.2 507.4 t3.72 105.8 as . 35.2 70.3 58.5 3.004 ©.23
78 827 247.5 502.2 507.3 t13.92 105.5 25.1 35.2 70. 4 58.6 3.005 o.22
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SAMPLE NO. = ¥ 722 [REMOULDED SAMPLE}
CONSQLIDATEON AX1AL STRESS 79.71 KPA

PRECONSOLIDATION PRESSURE z 160.00 KPA
NORMALIZING STRESS : 160.00 KPA

NORMALIZED SHEAR TEST RESULTS START 150285 END 170284
PT PER NRML 2D EFFECT  KRML2D RRKL ZD
CENT HALF RATIO ocT CHARGE
PCSTRA DEV SIGMA1  STRESS IN PWP i
STRESS SIGMAZ  KPA KPA !
KPA i
;
: 1 0.0 c.114 t.862 ©.342 0.0 !
T 2 o.ot ©.126 t.882 ¢.338 ©.010
i 3 0.0 ©0.134 2.083 ©.337 ©.019
; 4 0.02 0.1534 2,196 ©.337 ©.028
s 0.03 o.153 2,381 ©.336 ¢.032
6 0.04 0.160 2,383 ©.337 ¢.034
7 0.05 0.167 2.493 ©.335 ©.042
8 0.086 0.174 2.582 ©.335 0.046
9 6.08 o.180 2.654 ©.337 0.048
to 6.10 o.185 2.722 ©.338 0,049
: 11 0.12 o.180 2.788 0.340 ©.052
12 0.15 o.185 2.240 0.342 o.054
13 ©.17 2.888 0.343 o.054
15 ©.20 2.823 0.346 o.053
t5 ©.25 2.996 ©.348 0.056
16 ©.3% 3.038 ©.354 0.054
; 17 ©.38 0.220 3.085 o.357 0.058
: 18 0.4a5 0.224 1.104 0.382 0.053
H t9 0.5t ©.227 3.131 0.384 ©.052
! 20 0.58 ©.230 3.151 0.387 0.051
; 21 ©.65 0.232 3.151 ¢.370 0.04a8
22 ©.73 0.234 3.158 0.374 0.048
23 .77 0.238 3.127 ©.377 0.045
j 28 0.384 ©.237 3.151 0.379 o.085
: 25 ©.85 o.23¢ 3.1862 0.2382 0.081
26 1,06 0.241 3.158 0.384 0.043
27 Vo117 9.242 3.187 ©.386 0.04a2
28 t.29 0.242 3.158 ©.387 ©.043
29 i.4t 0.243 3.135 0.389 ©.081
30 £.53 0.243 3.128 0.381 o.038
31 V.64 0.244 3.117 ©0.3982 ©.037
32 1.78 0.244 2.113 0.393 o.037
33 V.86 0.244 3.108 0.394 o.038
i 34 £.98 0.254 3.104 0.3984 ©.034
35 2.10 0.254 3.108 0.394 ©.035
36 2.22 0.244 3.107 o.384 ©.035
E 37 2.38 0.243 ©.3205 o.03z2
38 2.45 0.243 0.385 ¢.033
. 39 2.69 0.242 0.394 0.032
40 2.90 0.240 0.383 ©.032
53 32.03 0.205 0.372 0.034 ;
54 3.04 0.213 ©.376 ©.034
55 2.03 0.221 0.378 0.039
s& 3.08 0.233 0.377 o.o04s
57 3.15 0.240 0.280 0.0a7
58 3.21 0.254 ©.383 0.047
58 3.28 0.248 0.387 0.044
50 3.35 0.28% o.388 ©.041
51 3.82 0.246 ©.381 o.0a1
62 3.54 0.2486 ©.382 0.038
63 3.68 0.246 ©.383 0.038
i 54 3.82 0.245 ©.383 ©.036
65 4.03 0.282 0.383 ©.037
. 6% 4.28 0.283 0.381 0.037 1
57 4.61 0.241 0.380 ©.037 :
58 §.82 0.240 0.388 0.037
69 5.07 0.23% 9.380 ©.037
70 5.33 0.238 o.389 ©.036
71 5.77 0.236 o.3s%0 0.035
72 6.17 0.234 ©.384 ©.081
73 6.26 ©.234 0.383 ©.041
74 6.61 0.234 o.388 o.041
75 7.76 0.232 ©.381 a.043
76 5.47 0.228 0.376 o.048
77 13.53 0.221 0.387 0.04a8 ;
78 13.72 0.220 0.366 o.0a7 i
78 13.92 0.220 0.366 o.0a7 ;






