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S SUMMARY | |
Thew%ﬁlk modulus and shear modulus of the Lake Agassis
Cley were studied in this thesis. The approach used in the
‘study was to separate the stress system into volumetrlc and
'Jdev1ator1c components of stress. The bulk modulus is related
rto the volumetric behavior of the soil . The shear modulus
is related to the deviatoric stress and to'the level of mean
normal stress. Thus the bulk modulus and shear modulus can be
related to separate'physical stress components. These relation— ‘
ships vary with the soil investigated. | '
The Eulk modulus of tﬁe.Agassiz Clay was determined from
1sotropmc compression tests.' éixteen isotropic compression
tests were run from whlch mean normal stress versus volumetrlc
- strain curves were drawn. Curves were developed,relatlng mean.
normal stress and bulk modulus for the Tange of soils

investigated

The shear modulus of the Agassiz Clay was determlned from
drained tr1ax1al tests whlch were run at a: constant mean normal
stress. A total of fifteen dralned trlax1al tests were run at
verious levels of measn normal stress. . The slope of the dev1atoric
stress strain curve defines the shear modulus G. Expressions i
&ere developed for the stress dependeht shear modulus G. The
parameters for these expressions were determined fof the material

~studied.

Curves of mean normel stress versus deviatoric stress at

failure were plotted for»samples‘from'the same soil. These




curves congtitéfé a unique failure theory . Expféssionsi'
relating éﬁe'mean'normal stress and the_deviatorié stress at
faiiure were developed from'this unique_straight line
relationéhip. It is concluded the the separation of volumetric
aﬁd>deviatoric components is a useful way of describing fhe
stress‘syétem. The bulk modulus and shear modulus of a given
soil can be satisfactorily determined by the use of the

volumetric and deviatoric components.




- 'CHAPTER I
| INTRODUCTION

The deformation behavior of clsy is not well understood.
The 1ackeof understanding arises from the complexity of the
“5hysica1 makeup of clays. ‘

Biot! (1041) studied the elastic deformstion of soils
and obtained a rlgorous mathematicel solution for three
dimensional consolidation of soils. DeWetz (1962) studled
the effects of time and pore pressure and used_Blot's solution
for the application of three dimeneional'consolidation under
footings. Saada® (1962) studied shear and comsolidation by
" means of rheologic models. ‘Kbndner4_(1968) studiedvthe
behaviour of cohesive soiis under'shearing stresses and found.
that the stress-strain relatienship follewed the general shape
" of a rectangular hyperbolae. '

The general approach by the aforementioned investigators
.was-to analyze the experimenial behaviour Q?;soils in terms of
theoretical models. ' This is particulariy aseful if the
solution is{in a closed fbrm.An.example of a selution in a
cleosed form is thé‘solution for the displacemen¢ of a continuum
based on the theory of elasticity. The solutlons however,
gre often too complicated for practical appllcatlons. -

The theony of elast1c1ty can be useful 1n soil mechanlcs

problems 1f representatlve\values of the elastic parameters

Lu®.




can be aeterﬁ{hed. The value of Young's>Mbdulus E and
Poisson‘é_fatio‘p.are rnct constant for a givén soil. Both
% and u can vary with fhe matéfial ané the stress level. In
many céées the uée of a non-constant E and u would be too
chdmplex to use in an snslysis. | |

Young's Modulus E and Poisson's ratioc u can be replaced
by the bulk modulus K and the shesr modulus G. The bulk
modulus and shesr modulus are related to separate components
of stress. The shear and bulk moduli for a given soil may
very with the étress level, the stiffness 6f the maierial and
physical properties of the material. However, since the
bulk and shear moduli sre associated with separate physical -
components of behavior»they can be investigated sepafately
‘end independent solutioné may'bewobtainéd-fpr each.‘

The purpose of this thesis is to investigate the bilk
modulus and shear modulus of the_Lake.Agassiz clays;°fhe
need for detérmining elastic parametérs has been deﬁonstrated
by the fact that present mathématical geanb'of”evaluatingf’ki
such analysis as settlement require.an ést;ﬁate of ‘the:

elastic parameters.




g CHAPTER IT
THEORETICAL CONSIDERATIONS

Volumetric and Deviatoric Components of Stress

Y It has been shown by Domaséhuk5 (21968) that it is
useful té sepératé the stfess system into volumetric and
deviatoric components of stress as illustrated diaéramatically
in Figure 1. , o : . -

Figure 1(a) illustrates the general state of stress at
a point in terms of the principal stresses, G'i, G'é and.G's.
The principal stresses can be sepafated into two sets of
éompgneﬁtsi:Theﬁfirst-set‘df components is equal to the mean)

ﬁbrmal stress»Oh, which is defined@ by the equation:
Gm = (0 1+0.2+0- 3)/3 . : seese (1)

The second set of components is defined by the deviator:

;_stréssés.Si, Ss» and 83 as shown in Figuxé l(b) and 1(C)f

These components are -given by:

R

.= O; -O0Om }

2 ] ) . (2)
S, = 03-0m ;
Sg = 0z-0m Y

The system can be further simplified by representing
the three“mean normal stress components by a single volumetric
component equal in magnitude to the mean normal stress. The

deviatof.stresses»éan be repreSenth by a single deviatoric
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(a)\éeneral State

".of Stress.

.0,=1/3(0,+ 0

ya
S3

(b) Mean Normal

Stress.

S=0-0,

~ (e) Deviatoric Stress

: Components.

Figure 1« Designation of the Stress Compongpts at a Point.
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component.ﬂ:This component, the resultant deviatoric stress

represented by Sd is given by the follow1ng equation.
2 ' v
\[S + s * SS [ X NN ] (3)

ﬁ' ~ For an isotrOpic elastic solid,thejvolnmetric stress

Q;_would‘bring aboutfthe.same volume change as an equivalent
hydrostatic stress.‘ The volumetric stress component is
associated with linear streins only, while the resultant

o deviatorie component is aesociated only with shear strain and ‘
dilatancy. Fach component of stress is associated with different

components of behaviour.

Volumetric ard Deviatoric Components of Strain

The general state of strain correspondimg to the stress
system can be described by the principal strains &, &, and
53 and their direction cosines; This system can be separated’
1nto the strains caused by the volumetric component of stress
and those strains resu1t1n5 from sheer or dev1atorlc stresses.
These dev1ator strains will be the dlfference between the
individual principal strains and the mean normal strain.

The mean normal strain ém’ can be represented'bybthe

expression:

5m = 1/3 (81 +52 +£3) ’ - ) EXE TR (4)

- The resultant deviator;c'strein'can be represented by

the following equation:




1/25(,£ \/(a ) (e—s>2+<s-s) e ()

Strain component relationships are the same as stress
componenf.relationshipg,provided that one uses in place of
normsl stress, the linear strain, end in place of shear

2

stress, one half the shearing strain.

Stress-Strain Relationships‘

To simplify the relationship between stress and strain,
the axis of stress and the axis of strain are assumed to |
coincide. Thus the materisl is assumed to be isotropic.

Volumetric strain can be related to mean normal stress

by use of the bulk modulus K which is defined as:

K = 1;1;'113 &0 - eeeee (8)
in whlch £ is equal to the volumetrlc strain.
- The resultant dev1atorlc component of stress and the
" resultant deviatoric strain can be relaEed_py the shear

P

modulus G, which is defined as:

_ Limit _ ASy | - ceees (7)

G
EaT U bEy
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" CHAPTER III

;e
’

EXPﬁRiMENTAL INVESTIGATION OF THE BULK MODULUS

In order to obtaln solutions of the bulk modulus K

deflned by equation (8) as :

Limit A0,

K e—=0 p ¢

the value of ¢, fhe volumetric strain, was measured at.
corresponding velues of the volumetric stress Oh. The
incremental velues ofAs and Lth were determinéd for each
stress level aml fhe value of K’was determined corresponding
to a 1evé1‘of the mean normal stress. Thé intention was to

determine a solution of the bulk modulus K in terms of the

mean normel stress for a given soil.

Soil Investigated

The study was carried out on undisturbed samples of

‘Lake Agassiz clay. The Lake Agassiz clay is an extensive

lacustrine deposit of glacial origin. The ‘dlay deposit
usually consists of an uppervlevel dfvvarved chocolate brown
clay and a lower deposit of massive darker clay underlain by
a lgyer of till. The physical prOpertles of Lake Aga881z clsy
have been described by Baracos (1961).

Tests were carried outaén four separate blocks of soil.
The blocks designated as A, B and C were taken from s depth‘
of 30 ft. in the North East area of Metropolitan Winnipeg.
This mseterial is a highly plastic gréy'silty‘clay ofvmedium 




stiffness. The clay contained numerous small limestone

pebbles{i f{

The block éample designated és Block D was taken from a

depth of 16 ft. in the southern area of Metropolitan Winnipeg.

This material is a chocolate brown clay of medlum stiffness

;w1th.med1um plastlclty.

The phy31ca1 properties of the clays are shown in Table I.

Figures 2 and 8 are photographs of samples taken from Block B

and C, respectively, illustrating the physical make up of the

soil.

% Sand

% Silt

%’Clay

Liquid Limit
Plastic Limit
Dry Density (pef)
Void Ratio
Moisture Content:
' Safuration %
Specific Gravity
Compression Index
‘Preconsolidation

Pressu?e (tsf)

_TABLE I
Block A
No. Tests

1l

SN W W

Range

59 [ ] 3“64:04

64,7655

1.59-1.62
580 5"‘610 3
97.7-100

0.67-0.70
2.08-2.12

Average

9
54

37
6l.3

32.0
65.1

1.60

59.9
99.4

2.71

0.68

2.10




A . TABLE I (continued)

Block B

‘NQ.'Tesfs' Range

: % Sand

% Silt

% Clay

Liquid Limit
Plastic Limit

Dry Density (pef)
Void Ratio
Moisture Content %
Saturstion %
Specific Gravity
Compréssion_Iﬁdéx
Preconsloidatioh

Pressure (tsf)

No. Tests hange

% Sand

% Silt

% Clay

Liquid Limit
Plastic Limit

iDny Density |
Void Ratio
Mbisfﬁré Contenf %

Seturation %

1

1

1 .

2 44.0-85.0
2 19.7-29.6
7 63.2-80.5
7 1.10-1.78
7 41.9-65.0
7 92,5-100
2 2.68-2.73
2 0.62-0.70
2 2.10-2.18
Block C .

. T VI VO

78.1-81.0

29.1-30.1

63.5-70.2

| 1.47-1.51
 51.5-63.7
© 98.9-100

Average
" 9.0
540
87.0
64.5
24.7
68.0
l1.51
56.2
99.0
2.71
0.66
2.14

Aversge

10

84
66
79.9
29.9
67.4

1.51

57.3
100




RS TABLE I (continued)

Block C

No. Tests Range Average

Specific Gravity | \ 1 | 2,71
Compressibn Index 2 0.60-0.70 0.65
“Preconsolidation ‘ 2 2.10-2.18  2.14

Pressure (tsf) | | |
Block D ;

No. Tests Range Average
Liquid Limit 3  87-117 89"
Plastic Limit | 36 14-40 30"
Dry Density 8. 64-99 - 77"
Void Ratio 3 1.55-1.59 1.59
‘Moisture Content % ‘ 76 27-57 | 48*
Seturation % - 73  86-100 97"
Specific Gravity ‘ 1 2.77

Preconsoliéation ._ 2 . ' 292

“Pressure (tsf)

Ty

~ Results taken from Baracos®
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Test Apparatus

The isotrbpié compression tests were run in & standard tri-
axial cell. The samples were l.5 in. in diamétef and 3.0 in.
inilength. Each sample was sat upuwith tOpvand bottom drain-
ééé and with»side drains of filtér paper stripS'to reduce the
time for consolidation. A‘perspex loading cap was used'ana
the sample was encased iq a triaxial membrahe .005 inches in
thickness. This rubbef-ﬁembrane was sealed‘against the load-
ing cap and the bottom pedestélbby rubber.o—rings. Silicone
grease ﬁas used on the cép and pedestal to ensure'a coﬁple{e
seal between them and the mémbrane. |

The water pressure in the cell was regulated by HMeans of
compressed air.

. Back pressure ensured saturation-bf the sample.~ This
necessitated the use of a'volﬁme change indicator working
under back pressure. With>the air driveﬁ into solution-
accurate readings of volume change were obtained by measuring
the water diépelled from a sample. Cne t&;efgf volume change
device used conéisted of a calibréted U—tube pertly filled |
with mercury. This gauge is described by Bishop7 (1962), and
shovn in Figure 16, page 35. ' |

A second type of gauge'was constructed which consisted of
a burette enclosed inside of a plastic tube. The tube is

filled almost to the top of thg burette with water. About 3

to 4 ml. of water is placed in the_burette; The remainder of

the burette and plastic tube is filled With coloured kerosene.



As water 1is dlspieced.frou the - sample, the water dlsplaces
kerosene up out or “the burette. Thus the volume change can
be measured. 'This device has been discussed by Bishop and
Henkel’ (1962) and is shovn inithe Figure 15, Page 84.

i

Testing Procedure

Specimens used in the tests were obtained by pressing cut-
.ting tubes into the undisturbed block of clsgy. These samples.
were set up in the ranner previously described.

The initial stage of the test was bb completely saturate
the sample. In order to do this, both the cell preSSure and
back pressure were increasedjsimulteneeus1y in 5 psi increments
to a back pressure and cell pressure,of 15rpsi. At each
increment,'the pore pressure was allowed to reach equilibrium.
Since the samples initially were very.near 100% saturation
only about 3 ml. of water was required to saturate a sample.

Domaschuk (1968) has shown that at pore pressures of about
10 psi, the volumetric stress versus pore pressure curve becomes
linear. Thls indicetes that at this pore pressure the air 1nu
the sample has been drlven 1nto solution. For thls Treason back
pressures in excess of 10 psi were used.

When the samples had been saturated, the cell pressure Wes

1néreésed in 1ncrements of 5 psi. After each increment the sample
was allowed to consolldete. The uoiumetchange cerresponding to
each increment in cell pressure was recorded. |

Five tests were.run up to 30 psi, ou'test to 42 psi, seven

tests to 60 psi and two tests to 90 psi. In one test




v
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(No. 17), the sample ‘was consolldgted to 30 p51, 8llowed to
rebound to zero stress and then reconsolldated to 60 pSl.

In another test (No..18), the sample was initially consolldated
'ﬁo 50 psi, sllowed to rebound to zero stress and reconsolidated
"to 60 psi. This was done to ascertain-the effects of stress .
cycling on the relationship between the bulk.ﬁodulus and the

mean normal stress.

Test Résults

A summary of the teét results are given in Table II,
Appendix II. The mean normal stress vefsus'volumetric strain
curves for the sixteen tests conducted'are‘shown in Figures 4
through 10. The initial void ratio, ej, and the véia}ratio ét o
the preconsolidation préssure, ec; are shown on the figures.
The initisl void ratio is the void ratio of the sample at the. .
start of the 1aboratory test. The void ratio at the pre-. . -
<consolldat10n pressure is the Vvoid ratlo of the sample after
it had been reconsolidated4isotropica11yatofthe preconsolidation
pressure as determined by oedometer tests. The void ratio at
the preconsolidatiqn‘pressure ee» 1s probably the better
representation of the insitu void retio. Due to stress relief
 and expansion upon sempling the void ratio of e soil sample
at the start of a test{ was probablyvgreater than it was undef )
insitu conditions. The valge'of-gc may'not be.exactly equal

to the insitu void ratio since isotropic reconsolidation in

the laboratory may have_induced'some additional volumetric




15
strain. -

Théﬁﬁéan normel stress versus volumetric strain curves
for-Elocké A, B, C and D, are shown in Figures 4 to 7. The
curves for Blocks A, Bvand C, show a steep, concave upward

'QShépe up to_approximately 30'psi. There is a bresk in the
curve at 30 psi, beyond which the curve changes to a concave
upward shape again. |

|  The curves for Block D do not show a distinct bresk

but, there is a section of more or less constant slope in the

area of 35 psi.

“The preconsolidation preésure.for Blocks AsB, and C
ranges‘from 29 psi to SO psi;-és determined by one dimensional
consolidation. The préconsolidafion pressure as determined
by triaxial compression Wés also equal to approximetely 29 psi.
One dimensional consolidation tests for Block D gave a pre-
éonsolidation préssure'of 35 psi while triaxial éohsolidation
gave & preconsolidation pressure 6f 8 psi. It is possible
‘that this varved cley ' shows greater'prgcoqéplidation in the.
vertical direction then in the horizontai._ This difference in
stress history has the effect of obscuring the break in the
curve aﬁ the preconsoliaation preésure. Figure 8 shows the
best fit curves for Elocks 4,B,C and D. For Block A,B, and C
itis evident that there is two distinct sections to the stress—
étrain relationship. The portion of the curve beldw}the pre-
consolidation pressure depicts the~béhavior of the soil in an
overconsolidated state. :The portion of the curve above the

. preconsolidation pressure depicts the soil behavior in &, -
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»

normally consolldated state.

Further 1nvest1gat10n 1nto the ef¢ect of the pre-
consolldatlon pressure on the stress strain relatlonshlp
- was carrled out in test numbers 17 and 18, In Test number
.17, (Figure 9), the samplé wes isdtrOpically consolidated to
-30»psi»énd allowed to rebound. to zero:mean normel
stress. Upon .reconsolidation to 60 psi; e bregk in the.curve
at 30 psi:exists,1but it is not distinct. In test number 18,
.(FigureilO).the sampleAwaSJCOnédliaéfed to 50 psiy.allowed to
rebound toféero mean normal stress and reconsolidated to 60 psi.
Recbnsolidafion shbwed the Volumetfic.stréss strain curve |
to be smooth end concave upward to 50 psi, at which point &
slight c¢hange in the cufvés occurs and'the slobé decreases
somewhat. The effect of the level of previous consolidation
is not as apparent as in Figures 4, 5, and 6. .

In these tests cyclic'loadingvhas apparently lesseﬁed the
bresk in the-curve. ¢The métefiélhbghaves:essentiélly |
'elastically since the reconsolidation branéh_is the same
shape as the curves shown in Figures 4 to 6.

Tests 17 and 18 indicate that a permanent volumetric
strain exists in the meaterial after initiel éonsolidation
and subsequent stress reiease.

‘The bulk médulus was computed for small incrementé of
mean normal stress and corresponding increments of volumetric
strain'for each\fést.' The‘fesulfé wére plotted in the form
of'bulk modulus versus mean normal stress CurVég:in;Figures.'

11 to 14. Since the bulk modulus - volumetric stress
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relationship fgr individual blocks. was very nearlf the same
the avefégé' curves for K from tests on Block A, B, C and D
are shown'in Figures 11 to 14. These figures exhibit the
variatioﬁ in bulk .modulus with_the“variation‘inﬁmean-normal
stress and soil propertles. | |

Due to the affect of stress hlstory and the variation

with stress level there does not appesr to be any simple

‘mathematical relationship by which the bulk modulus can be

deflned. There does eppear to be a consistency in fhe
general shape of the bulk modulus versus mean normal stress

CUurvese.

Bulk Modulus Analysis

The solution'for bulk modulus is given by:

K = Limit AOCp
Err0-

DE ,
and may be computed from the mean normel stress versus

volumetric strain data. In the tests performed» the volume

‘change was measured at each 1ncrement of mean normal stress.

A

_In the isotropic compression tests the Mean normal
stress is equal to the cell pressure. The volumetric strain
waé computed from:

£= VN, | - e ®)
in which AV is the volume change and Vo is the initial
volume of the semple. |

‘Flgures 11 to 14 show the bulk modulus for each block
of soil studied. The bulk modulus for Block A is approx-
imately 250 psi. at low mean normsl stress and rises to
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500 psi_Qelpﬁjthe preéonsolidated pressure. AbbYe the pre-
conSolid;tkﬁ;préssure.the value of K drops fo about 300 psi.
and then;risés constantly with K equal to 550 psi at & meesn
normal stress equal to 60 psi. The bulk modulus for Blocks
B and C is approximately 50 to 100 psi highert . then Block A.
Block D has a bulk modulus of about 350 psi at low mean normal
stress and rises to a vaiue of 1800 psi at Oy equal to 90 psi.

The effect of the mean normal stress level is apparent
vin a1l tests. As the stress level in an overconsolidated
sample increases the bulk modulus increases. There is . an
apparent reduction in the magnitude of the bulk modulus at a
point just'above the preconsolidation pressure. In a normally
cohsolidated’state the buik modulus increases with an increase
in stress level. | B

The soil structure plgys an important part in the stress-
-strain behavior of the soil. The type of structure has a
pronounced éffect on the soils resistancé to deformation and
" hence on the valence change which accompaniéﬁ a change in the
isotPOpic_étress level. ‘ |

Due to differences in soil structure the bulk modulus
for the brown clay (Block;D) is different from that_determined
for the grey clay (Blocks A,B,end C). |

Stress history pla&s the most important role in the °
behavior gf the cohesiﬁe Lake Agassiz Clay; The over-
cons&lidation ofAthe méteriél by‘désicéationnmw'cause a

~particle re-orientation. Stress relief permits rebound of
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the soil so that initially, under reconsolidation the bulk
modulus<£s low. The bulk modulus incresses sharply, however,
as the material returns to its preconsolidated state. Beyond

the preéonsolidation pressure a normally consolidated state

Nis reached and with incressed stress the material structure
may be destroyed. The magnitude of the bulk modulus decreases
initially due to the brezkdown ofAthe structure but continues
to incresse as the state of densification is increased..

The physicél propérties of the soil also affect the bulk
modulus; As noted previously initial low void ratios result
in a higher bulk modulus. This is shown in the Figures li, 12
and 13 by comparing the bulk modulus of Bidck A with that
determined for Blocks B and C at thejsame:mean normal stress.
Block Ay havidg higher void ratibs, exhibits iower initial
~ values of bulk modulus. The void ratio appears to affect the

bulk modulus more at lower ﬁalues of mean normal stress.

~ Conclusions AR

<

The bulk modulus study shows that the bulk modulus of

the Agassiz Cley 1s dependent on the mean normal stress, the
stress history,_the soil structure énd the void ratioe.

The bulk modulus génerally increases with an increase
in mean normal.stréss. This bebavior is only disrupted by the
effect of the preconsolidation pressure which causes a slight
decreaée in Bulk moduiusnat;a méaﬂ ﬁormél»stress just above

the preconsolidation pressures
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For a given material, the variation in void ratio affects
the bulk modulus at low values of méan normal stress. At
higher stresses'the effect of the void ratio is not very
significent. |

‘The soil structure is importent in its effect on the bulk
modulus. The chocolate brown varved clay (Block D) has a
significantly higher bulk modulus than the massive grey clay
(Blocks A,B and C) in the normally consolidated state. This
indicates that the variations in clay type should be represented
by a full set of curves. The total family of éurves would
represent the bulk modulus for;the Kgassiz clgyse.
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CHAPTER Iv
SHEAR MODULUS STUDY

The purpose of thé shear modulus study was to determine
'thé shear modulus of Lake Agassiz}Clay and to*determiﬁe the
factors on which the shear modulus depends.

The shear modulus which is defined by equation(?):

¢ = 1imit - 85 | "

———

represents the slope of the deviétoric stress strain curve.
In order to obtsin a deviatoric stress strain relation-
ship for the Agassiz Cley, drained triaxial shear tests were

run at constant values of the meen normal stress.

Soil Used In The Investigation

The soil used in the investigation was the grazy massive
clay which was used in the Bulk Kodulus study and has been
"described fully in Chapter III. The tests~were‘carried out;
on undisturbed samples taken from three block samples, Blocks
A, B and C. The properties of these Blocks are shown in

Table I, page 22.

Test Apparatus

The drained triaxial tests were run using standard tri-
axiel cells. The samples used were 3 inches in length and
1.5 inches in diameter.

Water was used as the cell fluid and pressure was supplied
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by a regulated air supply.

Volume changes in the samples were measured by a mercury
U-tube device as described by Bishop and Henkel7 1962). The
closed burette type of volume change device deseribed by BighOp
and Henkel7 (1962) was also used.

Air cylinders were uéed to increase the vertical stresses
on the samples during the shgaring portion of the test. One
air cylinder had a piston diameter of 1 inch, another had a
_piston dismeter of 2% inches. The air cylinders were calibrated
in both a stationary and moving situation and were checked to
ensure that the pressure load chéracteristics had not changed.
The calibration curves for the dylinders are shown in Figures
43 and 44 in Appendix IIT.

Pressure was supplied to the air cylinder thfough a pressure
regulator and was read from a bourdon gauge to the nearest
0.1 psi. The associated accuracy in vertical stress on the
'ngple was.i0.0S psi using the 1 inch diémetér air cylinder and

'-10;4 psi using the 2% inch diasmeter cylinder.

A schematic diagrem of the testing eppartus for the shear

modulus tests is shown in Figure 15 while Figure 16 shows the

ectual test setup.

‘Testing Procedure

Soil testing membranes were uséd with O-rings providing
the seal at the ends of the sample. Before installing the

membrane, silicone grease was applied to the base pedestél and
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the loading cap to help prevent 1eakage. A perspex loadihg cap
was used and a porous stone was placed on either end of the
sample. Bottom drainage was provided with filter paper strips
placed vertically on the sides of the sample. Care was taken to
ensure that the porous stones and filter strips were saturated
end that no air was trapped between the membrane and the sample.
Initially an equal back pressure snd cell pressure was
applled to the samnle to ensure saturatlon. The back pressure
was prov1ded throuoh the volume change dev1ce. The back
pressure and the cell pressure were ralsed in equal 1ncrements
to the desired maximum 1evel of back pressure, usually 15 psi.
The test remesined at this stage untll the sample becanme
completely saturated. The readlngs on the volume change device
Werebplotted against time on &. log scale to determine when the
sample was saturated. The tiie peried required to saturate a
sample of Lake Agéssiz Clay‘was.generally 24 hours. Approximately
two to three ml. of water were required to saturate each sample.
After saturation.was complete the cell pressure was increased
in increments of 5 psi until the mean normal stress acting on
the sample was equal.to the level of the preconsolidation.
pressure.At each increment of pressure, the sample was allowed
to drsin completely and thus consolicate fully at that stress.
The volunme change corresponding te each stress level was
recorded. Having reached the preconsolidation pressure the

cell pressure was increased or reduced to the desired level for

~ the test.
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In two tests the stress level was increésed in increments
of 5 psi to a mean normal stress‘éf 42 psi and 60 psi. The
shear test was Tun at.these levels of constant mean normal
stress. TFour tests were run at a constant meén,normal stress
of'SO psi which ié.approximately equal to the preconsolidation
pressure. In ten tests the mean normal stress was lowered,
before starting the shear tests,‘placing the sample in an over-
consolidated state. 'In‘eaéh of these ten tests the sample was
allowéd to reach equilibrium béfore Starfing the shear tést.
The new volumes and the volume increases were recorded. The
vertical displacement.: of each sample Waé measured and recorded_
to be used in computing the samp1q area.

In the shear test the vertiqai loads were applied in
increments of 1 psi and the confining pressure was reduced by
one half the amount of the verticel increment. The net effect
was to keep the mean normel stréSS constant. The sample was :.
allowed to drain and consolidate after each load increment.

'The volume change and vertical displacement of the sample was
"recorded after the sample had consolidated under each increment.

This procedure was carried out until the sample failed.

Test Results
Date from one complete shear test included the initial
volume of the sample; the ihitial sample dimensions; the level
of the mean normél stress; the net volume change caused in

consolidating to the mean normel stress, the vertical stress
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- increments, cell pressure cecrements and the resulting volune
changes end vertical displacements. From this data the initial
end finel degree of saturation, initiel and final void ratios,
and the void ratio at fhe preconsolidatibn pressure were
determined. This data is given in Table III, Appendix II. The
deviatoric stresses were computed from equations(l).té (3). The
deviator strains and the resultant deviatoric sfraihs wefe
. computed using edﬁations (5). ~
| In the computations of'stresses and strains the following
sign convention was adoptéd. Compressive streéses and -
compressive'strains'are consicdered to be positive. An increase
in volume is &lso considere& to be positive with the implication
that incresses in dimensions are positive which is inconsistent
with the assertion that compressive strains are positive. To
achieve consistency, a negative sign was used in equations in-
volving volume change or dimensional changes.

In & triéxial test the strain component in the direction of
the major principle stress' will be:

= - Ah

h,

5 ceoss(9)

in whichAh is the change in height of the sample and hé is the
initial height of the sample.
The minor and intermediate priﬁcipal strains are assumed
to be equal. Hence &9 = 53;
~ The components Eq and €4 can be computed from the equation
by Ladanyi® (1960) |
ad/a_=\/1 - n/b (BV/V -Ab/m) -1 e en(20)
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in which & is the change in diemeter of the samﬁle and dg
is the initial diameter of the sample. This equation is
derived in Appendix I. It elso has been shown by Ladenyi (1960)8
that for small strains the equation can be represented by:
Ad - B (&Y _ AR, | .
do “hy Yy hg |

The volumetric strain  can be represented by:

Vo . .OQ.(;;—)
The following relationship is also true for volume change
ﬁnder imposed Stresses

AV 5 . £ £
VT 1t T fs T2t s 2% --(22)

The higher orders are usualiy negieéteé and the equation

is epproximated by:

-

——ﬁ’—; = El +. 8.2 -+ 53 : 0000(118)

The dériVGtion for this equation is shown in Appendix I.

The corrected ares and volume for each test was computed
before starting the test. Net Volume chenge and vertical dis-
plaéement were used in detérmination of the corrected ares. In
a seturated éample the néw area is determined from the
following equation: |

Ae = Ao (’1?: 2;’;%8 ) ....(14).'

This corrected area was checked by computing the new area
from the chenge in diameter as given by equation (10).
In order'to~determine the axial load that was to be ap-

plied to increase the resultant deviatoric stress while
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simultanéoUsly maihtaining a cénstant mean normal stress,
the area of the épecimen under the newly applied load had to
be predicted. The prediction was based onpreviously obtained
This method gave satisfactory agreement ﬁith the areas
éomputedA after the apblication of each increment of load-
ing.

All computations for the shéaxvtests were done using a
computer progrem designed for uSe'on the IBM 360/65. The data
is given in Table IIT, Appendix IIT.. -

The test data showing deviatorié shear stress versus
devidtoric strain for all tests are shown in Figures 17
through 31. The.volume chahge versus deviatoric strain is
also shown on the figure for éach test. The solid line rep-
}resents the mathematical stress-strain relation§hip which
will be discussed later.' . )

Figures 32, 33 and 34 show a summary of the tests for
Blocks A, B and C respectively. The results of tests con-
ducted on soft samples are shown in Figure 85 and the results
of a test conducted on a stiff sendy clay is shown in Figure
36.

The volume changes were plotfed against the deviatoric
strain for each test. The upward sloping curve denotes an in-
crease in:saﬁple size or positive dilatancy. Examination of
these curves gives somé idea of ﬁhe behavior under varying
degrees of ovérconsolidation and the behavior of a normally

consoiidated clay. The normelly consolidated samples show
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| decrease'in volﬁme or negative dilatancy while 81ight§ynover—'
consolidated samples, with an overconsolidation ratio of 1.33
or greater; show very small increase in volume or positive ’
-dilatancy. T ﬁiu‘;gg: SRR N A R 7;_'jnfiv;§.
it Pwo samples tested from-Block B exhibited different  f":,;§
‘behavior than the ofher samples taken from fﬁe same block. )
-These samples H numbers 15B and 198, éohtaiﬁed mainlyISilty,i'
sandy material wi%h_numerbus'small stones and the void ratios
weré much lower. Both tests show a much steeber stress—straiﬁ
relationship than the other samples.

Initial conditions were difficult to define in some of
the deviatoric stress-strain curves. It can be seen that on
some of the curves a concave upwards shape exists initially;
Since it is a smooth curve it would not appear to be an irrégulér
sesting error. When seating error was noted during a test the
curve was generally similar to that dépicted by test No. 12B,‘
Figure 24. These curves have been:corrected as shown. Initial

.‘effects such as this may not be significent in the overall
picture. The behavidrvcould be inherent in the laboratory tri-
axial test due to some softening because of the use of back
pressure. Kondner4 (1963) noted this effect and suggested

that it is not necessarily due to a seating error.

Sheer lodulus Analysis

It has been suggested by Kondner4 (1963) that the stress-strain

curve for a cohesive soil follows a rectengular hyperbola curve
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DEVIATORIC STRESS

© 1/a = tand

~ DEVIATCRIC STRAIN gd'

Figure;§7. Rectangular Hyperbolic Representation
as Applied to Deviatoric Stress-Strain
Relationshipf‘
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A description of this shape of curve,'modified for deviatoric
.stress and strain is shown in Figure(27) :  h
_ The initial slope of this curve is equal to 1/a which
equals tan'Qo The value of 1/a is equal to the initial tanéent’
shear modulus Gg. Go is defined as the shear modulus when'the
deviator stress components are‘all equal to zero.

The upper limit of stfess reached by tﬁe curve is defined
by’the paremeter 1/b. The équation of the curve then becomes:

83 '— a—_p—bzg | ' : f...QS_)

The initial sheer modulus can be détermined from the stress
strain curves. In order to(define the parameter "b" the
deviatoric stress and strain at failure along with the parameterv
"a" can be used in equation(lS)to compute "b". - | |

The last strain increment is sometimes difficult to define.
~In oraer to get a better value to use in the computatioﬁ of "b"
the points on the stress strain curve can be extended to vgrify
that the last reading taken during failure is part of a'sﬁooth
curve. This final strain can be used in the computaiion of "b"
and the theoreticel curve can be determined from equation (15).
Several computations of each curve had to be madé bécause'the‘
initial tangent is also difficult to determine thus several
attempts will give the best fit of the theoretiqal curve to the
actual data. Thé computations'were‘done using a computer program
s0 that a number of trials could easily be run. The curves
determined in this manner are shown plotted as solid lines in

Figures 18 through 32. The equation.bf each curve is given
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on the figﬁre. S ‘, : ’

| The values of 'a’ énd 'b' were plotted against the meah
normal stress for the tests and are shown in Figureé38:and'39.
It is apparent that these parameters vaﬁy according to the meen
normal stress. These parameters also apbeér to be dependent on
the physical characteristics of the soil. The values obtained
appear to agree over a range of void ratios for each iﬁdividual
block of materiai. There is a difference in the parameteré ob-
teined for the different blocks of material. This is probabLy
_due to variation in the stiffness and void ratios of the dif-
ferent blocks.

The slope of the'computed curves is the first derivetive of
equation (15} and represents the shear modulus. The shear modulus
G, is given by the following equation: | |

G = Goll-bs,)? ceee(16)

Conclusions

The data from the shear modulus study is sufficient to
make some definite'conclusions agbout the shearing behavior of
the Lake Agassiz Clgy. The deviatoric stress strain behavior
- can be adequately described by use of the following rectangular

hyperbola curve.
_ &3
Sd =

a+b53

This equation is a slight modification of the one proposed by

Kondner. The advantage of this form of representing the dev-

iatoric stress—strain behavior is that the first derivative of

the equation represents the slope of the curve. which defines_the’
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shear modulus G. The equation is:

G = Go(l—bsd)z
' The parsmeters "a" and Ub" cén be described as functions
of the mean normal stress, the soil type, the void ratio, the
stress history and the soil fabric. Thus using the soil
properties and knowing the stresses applied, the value of the '

shear modulus cen be determined.
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CHAPTER V
FATILURE CRITERIA

The drained shearvstrength of clgy is usually described
in terms of c',lthe cohesion and ¢‘, the angle of shearing
 resistance of the soil. In a triaxial test run atwconstaat Oy
the shesr stress can be defined as’ %( G G ) in whlch Gi and
' G are the major and minor pr1n01pal;stresses respectively.

The failure envelope is descrlbed by c! and &" .

In a triaxiel test run at constant mean normal stress the
shear stress at.failure:can be descrlbed by the resultant
deviatoric stress Sq+ Domaschuk (1968)5 investigated the
relationship between the mean normal stress and the resultant
deviatoricr stress at failure. His investigation was based on the
results of consolidated undrained triaxisl tests. The relation—-
ship between the mean normal stress and resultant dev1ator10
stress at failure was found to be linear. |

The resultant deviatoric stress at failure was plotted against
the mean normal stress for each drained triaxizl test performed
in the shear modulus Stuiy. The relationship is shown Figure 40
for Block A, Figure 41 for Block B and Figure 42 for Block C.

These figures exhibit the apparent straight line relationship.
The velue of resultant deviatoric stress at a mean normal -stress
equal to zero‘wes computed by trial and error for each set of data.

The failure criteria as described by Domaschuk (19_68)5

Sar T kTnly ceeeened(17)
in which Sdf is the resultant déviatoric stress at fallure, g
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" is the iﬁtercept‘at a meén normal stréss equal to zero, and m
is the slope of the line. |
The.failure'criteria for each set of data is shown on the
figures. ~The conventional drained shear strength parameters are
also shown on eéch figure. _
The dafa for Block A contains the results from four drained
triaxial-tests fun in ﬁhe conventional menner with<53 constant.

These points appear to fit the straight line relstionship well.

Conclusions

‘The failure criteria describes well the relationshiﬁ between
mean normal stress and resultant.deﬁiatoric stress at failure. The
straight line failure criterié described by equation (17) can
be useful in the.solution of certzin stability problems analyzed
on the bases of mean normal stress and resultant deviatoric

. stress.
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CHAPTER VI
GENERAL CONCLUSICNS AND
RECOMMENDATIONS FOR FURTHER STUDY

The elastic_parametersQ bulk modulus and shear modulus
are dependent on the mean normal stress level for a given
s0il. These parameters cen be determined by using the
drained triaxial test run at constant mean normal stress.

Bulk modulus ecan be determined from the volumetric stress-
strain relationship determined from an isotropic compression
test. Mean normal stress versus bulk modulus can be developed
for given SQilSe » | o

The shear ﬁodulus can be determined from constant mean
normal stress drained triaxial tests. The shear modulus may
be described by equation (16) if parameters for an average
curve equation descibing the deviatoric stress~strain’relation~
ship are determined. | . :

’ The relationship between fhe.mean normal stress and

resultant deviatoric shear stress at failure forms a unique

failure theory.

Recommendations for Further Study

The study of bulk modulus and shear modulus should be
.extendedthrough a variety of soil profiles which would then give
éomplete coverage of the Lake Agassiz area., These studies
éhoﬁid inclﬁde soils at higher and lower preconsolidation
pressure than the ones already studied.

The use of the bulk modulus and shear modulus should be

‘ewtended to caleulating settlements in clay similiar to that
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studied by Domaschuk13(1§65).for sand.

Field observations should be made of settlements.producéd
by a boundary load and these observations should‘be compared |
with an anelytical solution based on the use of bulk modulus

and shear modulus. , -

A comppter program will have to be developed to calculate

settlements at various points.
The above recommendations involve a great deal of work
but would be very worthwhile. TheAstudy undertaken by the

suthor forms only a small portion of this larger project.
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Derivation of the Equation for the Computation of

Minor Principal Strain in a Triaxial Test

For a soil sample of initial volume Vosand initiel height

ho’ the initial area is given by;
(o} ho

In which Ao is eqﬁal to the initial area of the sample.
During the the test:

VO-ZXV

4 h -8R
o)

The difference between the area at.any time during the

the test and the initial area is:

Vo- AV v o
A~AO= -
Vhb-llh ho
op: a2 n 1- AV/V
’ 5 o 0 o { (o]
- Ny = av -1
. A"‘- 'gf(d "do-) 4 h 1_ Ah/ho
o ,

In which d is the diameter of the sample at any time during
the test and do is the initial diameter of the sample.
Rearrange this equation:

2 .2
@ - do

2
0

1-AV/V
- 1-&b/h

d
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oxr:

. 1 <A/
1 +pa/d ) = . o
| 1 - Ah/b
1 - AVAV
° -1
ZSd/do = [
1 -Ah/hg

Which also equels:

V- twn v -ab/m) -2
= o o o~

Derivation of the Equation Relating Volumetric Strain and:

Principal Strain

The ratio of the change in volume AV to the ihitial volume Vo
is given by the following relationship.

Vo- vV
ZSV/VO = ‘“—“ﬁ:;*-

In snelement of material:

DX - AY Az

g = — B2 £ = —

1 ax 2 gy 3 az
Substituting:

AV/T = (1 HEDQA + e+ 5y - 1
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Rearranging: _
=£_ 4+ £ + . , £
éxv/VO_ l+ £2+sé+£l £2+ 51 3 + 52 83 + El 52 53
“Neglecting the higher orders this equation can be approximated.
by: B - .
. AV/Voz F.l+ £2+ 53
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PABLE II

DATA SUMMARY OF ISOTROPICYCOMPRESSION’TESTS

-

Test No. 3A o Test No. 4A

,¢c=1.41 . | | ec=1.38

qn AV mwo _ qn AY | 'WWO
pSl mlo % p81 mlo %
o ) 0 0 0 o}
5 - 2,05 2.26 : 5 1.10 1.25
10 3.41 = 8.76 10 2.30 2,61
15 4,43 4,89 .15 3.32 3.77
20 5.40 5.96 .20 4,53 5,15
25 6.35 7.00 25 5.90 6.70
30 7.27 . 8.02 30 7.10 8.07
' ' -’85 8.70 9.88 .

40 10.30  11.70
45 11.60  18.18
50  13.15  14.94

55 - 18,80  15.68
60  14.60  16.58

Test No. 584 . Test. No. 6C

ei 1059 » . ) ei 1066
» ec—l.38 ‘i' _ | : ec 1'43
6, av VN, 6 av o,
psi ml. % . psi ml. %
0 0 -0 : 0 0 0
S - 2670 3.08 S > 2.18 2446
10 4.29 4.89 ' ‘10 3.63" 4,10
15 5.35 6.10 18 : 4.78 S.39
20 6.10 6.95 20 - 6.07 6.85
25 1 6.80 775 25 7410 8.01
30 7.29 8.31 30 7.72 8.71
’ 35 8.48 9.57

40 9.86  10.79




TABLE II(coﬁtinued)‘

Test No. 7C | .~ Test No. 8C
=] .4 ) | . =1, |
e; 1.47 . _ | e;=1.41
e =l.31 ) ) e =1.27
c , , | - e
0y AV V/Vy o Av | VA
psi ml. % psi ml. %
0 0 0 0 o 0
S 0.92 1.04 . S . 0.95 1.09
10 2.42 = 2.73 ' 10 =+ 2.5 2.93
15 3.42 3.86 : 15 3.08 3490
20 - 4.27 . 4,82 20 3.65 4,19
25 5.07 0.72 : .28 . 4.35 4,99
30 5.94 6.70 ' _ 30, 4,95 5.68
Test No.9C ~ Test No. 10B
e;=1.51 - e.=1.39
i : i
. ec=1.32 | : | ec=1.23».
a, av /v, ,_ gm av VNV
psi ml. % psi ml. %
0o 0 o -0 ' vO 0o
10 3.50 3.98 10 2.70 3.10
15 4,20 = 4.77 15 3.40 3.91
20 5.00 5.68 20 4,20 4.83
25 8.70 6.47 : 25 - 4,90 S.64
30 6.50 7.38 - 30 - S5.60 6.45
- 35 6.40 736
40 7«40 8.51
45 8.10 9.32"
50 9.0 10.40
a5 9.75 11.21
60 1.0 12.70




TABLE II (continued)

- e
-

Test No. 13B ' Test No.1l4B
e,71.05 | o e;l.lg
ec=0.8§ | | ec=1.Ql |
0o, BV A, o av
psi ml. ~ % psi ‘ml. %
0 0 0 | 0 0" 0
2 0.90 1.04 . 2 1.20 1.27
5 1280 2.07 : 5 2.15 2.48
10 3.0  8.51 10. 395" 4.09
20 4,70  5.41 - 20 Se45 6427
30 6.20 7.14 30 715 8.23
40 770 8.86 ' 40 8. 80 10.18
S0 9.60 11.056 S0 10.90 12,88
60 10.60 12.20 - 60 11.95 18.77
Test No. 17B » , Test No. 18B
e;=1.02 ,. S ei=1.3;
e =0.82 : - | e =1.02
c . . . Te
A av /vy o, A&v 4R
. péi ml. - % - psi ml. %
0 o 0 | ', 0 0 0
30 6.4 737 2 0,60 0.69
15 5.30 6.11 10 3.70 4.27
0 - - " 20 590 6. 80
10 - 4,70 S.41 30 750 8.65
20 6.15 . 7.10 _ 40, 9.20 10.60
30 . .7.48 8.62 _ o0 10.80 12.45
40 8.65 9.97 oo - -
S0 10.20 11.75 - 10 7.05 8.13
60 11.65 13.41 : 20 9.40 10.81
- ’ 30 11.20 12.90
40 = 12.40 14.28
SO 13,20 15.80
60 14.90 17.15
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TABLE TI (eontinued)

" Pest No. 23D e Test No. 24B
ei=j.,58 | . -€;=1.55. |
ee™ 1.32 e =1.39
| | v
o | AV | /v, o A VAV
psi = ml. . % . psi ml. %
0 0 o o 0 0
2  0.40 0.46 2 0.50  0.66
5 1.65 1.90 5 1.90  2.54
10 3.40 3,92 ' 10 3,60  4.75
20 6.00 6.83 20 5.30  6.98
. 80 8.10  9.33 o 30 6.80  8.96
40 9.70  11.18 | 40 8.10 10.68
50 10.80  12.43 | 50 9.35 12.32
60 11.75  13.51 : 60 10.65 14.05
70 - 12.80  14.72 70 - 12.50 16.50
80  18.45  15.47 80 13.40 17.70
90 14.40  16.32 90 . 14.60 19.29
Test No. 270 - . Test No. 28D
e;<1.58 . S eEl
e =1.41 | - e =1.39
. C . C
0.m ' A,V ‘ v/ o , | . - Gm - Av v/ 0
psi ml. % psi ml. %
0 0 0 o 0 0 0
5 0.71 - 0.91 | 5 0.50  0.65
10 2,11  2.72 10 1.91  2.47
20 4,30  5.55° 20 3.75  4.85
40 © 7.30  9.42 40 6.75  8.77
80  10.80 13.92 ) 80 10.70 13.80

Tt e R Tt R et R . e e e e e T et e B T - e e e e ey




Computerfﬁrint Out of Dasta From Constent Mean Normal Stress

Shear Tests.

Explanation of Tables

‘Note: Constant Mean Effective Stress In Tables Refers To

Constant Mean Normal Stresse

Initisl and Final Dry Density = Rdg.(62.4)
Initiel snd Final % Saturation = Rdg.(100%).
Tnitial and Final Moisture Content = Rdg.(loo%)
Semple Volume In éma. |

Sample Area In sq. inches.

Symbols Used

S1 = Méjor Principal Stress

S2 = Minor Principsl Stress

£l = Strein In Direction of Major Principal Stress
. E2 = Strein In Direction of Minor Principal Stress

E MEAN = 1/3(El + 2E3) |
DEV STRESS = Resiiltent Deviatoric.Sthess

DEV STRAIN = Resultant Deviatoric Strain




TABLE ITT

SUMIMARY OF CONSTANT MEAN NORFAL STRESS SHEAR TESTS

-

e e e B et i e L T e R e M L L G e L i

TEST NUMBER .34 COMSTAMT MEAN EFFECTIVE STRESS

£.00 3,00 0.0052 =D,0031 -
T.00 0 3,50 0 0.0062 =0, 0031 -
B.00 4.00 0,0006 —0,0055 —
<00 4,50 00,0100 =0 ,00462 ~0.0005 11,0227,
5.00 00134 =0.0071 =G.0002 12,2474
.50 00246 =D, 01258 —0.0003 13,4722
006,00 0,02909 —0,0146 0,.0907 14 .6969 ]
<00 6,50 00225 -0,N159  0.0002 15,9217
l».@q 7,00 Q00416 —0.00202  0,.0004 17.14064]
SO0 CTL50 0 0.7825 =0.0419 =n.900] 13.3712

Chet et et s s e
[N ) I E ISV RN B
:_.4 et e
MO D

* L]
c’\

p)

,FI“«L

CFINAL

L0 2,00 '0.0041”-1 W14

— R :
DD N U D WA
1
L]

i

INITIAL DRY DENSITY=  1.033

INITIAL VOID PATIO= 1.624
”INfTIAL/§4TURATIQN;'>"; O.q?7

INITIAL VCLUME OF SAMPLE% - 90.654

INITIAL MOISTURE CONTENT=  0.585

CFINAL.MOTSTURE. CONTENT=  0.500

- "'v

VOLu%E,AFIE;rrs TPPPIF CQVDREssION;

AREA AFTER ISOTROPIC COMPRESSION=

| SHEAR TEST MEAN STRPESS CONSTANT
53 El ! F MEAMN DEV STRESS va STPAT:

00 2.50 0.0059 —n.nn24

00050 7 DUN033 =0.0012 0 0.0003  1.2247 .
¢ o1.000 o.ecze'—é nNONS. 0.N004  2.4405

' 0.0004  3,6742 .
L0004 4,8990
0004 65,1237
0nno  7.2485
L0000 83,5732
L0005 a,7030

DEY DENSITY= ~1.1729 FTNAL,JATU“ATIQV

SATURATION CONPUTED FRIM.FINAL MCISTURES

0037
n L0020
000472

L 0.0045

0.0068
0.007¢
0.00N76
0.012¢
0.0139
N.0168
0. 0305
00363
£.0395
0.0504

Lo e L



86

,IésT,Nuﬁgzé 4A _CQESTAﬂ?iﬂ?AQ_EFﬁEgTIVENSIRES§; WH.,MMﬁ o
CINITIAL DhYVDFMSITv=‘ 1’fi;O;5.
 IN1T1ALvVCID EATIOé:,;,‘I{SQOQTHW<:

’INLTIAL SATURAT IéN; ii. f;522} ’
CIMITIAL VOLUME CF SAMPLE= 83,033
fo?IAlenfsiuéé.CQN%ENf=':-‘ 64606“'

FIMAL MOTSTURE CONTEMT= .O.Sl? )

VOLUME AFTER ISOTROPIC COMPRESSTC&= ‘ 73.4332
e CAREA_AFTER _ISUTIEDPIC Cﬂ“ ESSION=__ . 1.5379_

, CSHEAR TEST O MEAM STRESS CONSTANT
S BRCH R £ E'é AN DEV - STRESS DEV fTaaz_
200 1,00 D,0031 =0,001727 N0 2¢4495 0,003 6%u%x%

[INRA VI Sy O
.00 02,00 0.0035 =0.0014 O 443930 CG.0040
0

,
‘N
Sored

—{‘(".q

v\J \)

"y
C

J e -
E.00 3,00 0L.0147 —0.0051 0013 7.3435 00,0158
4,00 0.0190 =0.00562 0,0022 9.7930 0.0206
Ho00 5,000 0,0254 =0,0074 0,0025 12,2474 0.0268
2,00 6.00 0.0280 =0,0NT77  0.0047 14,6959 0.0202
LU0 7000 NL021E =0, 0025 0,0048 17,1454 0.0326
G000 800 0uN&lE =0L.0112  0.0063 19.5959 (.0420
.00 0,00 0,0421 =0.0095 00,0087 22.0454 0.0470
0.0 10400 00,0696 —0.0207 " 0.00C4 24,4649 0.0728
11.00 0,1001 =0.0328  0,0098 26.9444  C.1216

JDD”H
)

SN I WS
o}
L]
-

el

s
SR B ol

[N
(\) preed
A}
AN
-
-~
o)

FINAL LRY DEMSITY= 1,302 FINAL.S’T RATICGN= 1.032

FIAL SATURATINN COMPHTED FRAM FINAL MOISTURE= S 1.295




TEST NUMBER 6  CONSTANT MEAN E%FECTIVE STRESS
_INITiAL»DRYuQENS{Tyzvt‘  1{617.&‘"1
INITIAL VOID RATIO= 1.664
iNIfiAL SATQRAfbe% ‘r‘1.o37
INITIAL VOLUME OF SAMPLE= 88.612
INITIAL MOISTURE CGNTENT: “ 0.637

_FINAL MOISTURE CONTENT=  C.539

- | VOLUME AFTER ISGTROPIC CDMPRESSIGN= 784652

. AREA AFTER ISOTPOPIC CDMPRESSIDN’ lf628

SHEAR TEST MEAN STRESS CONSTANT
St - S3 El E3 E_MEAN DEV STRESS DEV STRAIN

2.0 1.00 0.0027 -0.0011 0.0002 2.4495 0.0031
4.00 2.00 0.0045 -0.0019 0.,0002 4.8990 0.0053
6.0 3.00 0.0068 -0.0021 0.0008 7.3485 0.0072
8.00 4.00 0.0079 -0.0027 0.0008 3.7980 0.0086
10.00 5.00 0.0133 -0.0042 0.0017 12.2474 0.0143
12.06 6.00 0.0193 -0.0053 0.0029 14.6969 0.,0201
14.00 7.00 0.0302 -0.0067 0.0056 17.1464 0.0302

16.00 8.00 0,0428 -0.0116 0.0065 19.5959. 0.0444
110 18.00 9.00 0.0491 -0.0147 0.0066 22.0454 0.0521
11 20.00 10.00 0.0678 ~0.0215 0.0083 24,4949 0.0729
.12 22,006 11.00 0.0852 -0.0281 0.0097 26.9444 0.0925
13 24,00 12.00 0.1214 -0.0463 0.0096 29.3939 0.1369

t

OO~V WN L

FINAL DRY DENSITY= 1.191  FINAL SATURATION=  1.048

FINAL SATURATIGON COMPUTED FROM FINAL HOISTURE=‘ 1.146




DO~NOUWSHWN L

TEST NUMBER 7C CONSTANT MEAN EFFECTIVE STRESS

INITIAL DRY DENSITY=

INITIAL VOID RATIO=

INITIAL: SATURATIONS

FINAL MOISTURE CONTENT=

S1
1.00
2.00
3.00
4.00
5.C0
6.00
7.00
8.0C
9.00
10.00
11.00
12.C0
13.00
14.CC
15.00
16.C0
17.00
18.00

INITIAL VOLUME OF SAMPLE=

INITIAL MOISTURE CONTENT=

o6

1.473

1073
884612
0.583

. 0.521 N

VOLUME AFTER ISOTROPIC COMPRESSION=

AREA AFTER ISOTROPIC COMPRESSION=

S3

0.50

1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7050
8.00
8.50
9.00

El
0.0010
0.0020
0.0081
0.0090
0.0100
0.0107
0.0133
D.0143
0.0163
0.0204
0.0229
0.0240
N.0295
0.0355
00,0373

"0.0436

0.0508
0.0710

FINAL DRY DENSITY=

1.679

82.672

SHEAR ‘TEST MEAN STRESS CONSTANT
E MEAN DEV STRESS DEV STRAIN

CE3
-0.0005
-0.0010
-0.0029
-0.0033
-0.0038
~0.0042

-0.0054

-0.0054%
-0.0058
-0.0067
-0.0077
-0.0079
-0.0101
-0.0124
-0.0133
-0.0165
-0.90201
‘000309

1.190

FINAL SATURATION COMPUTED FROM

0.0000
-0.0000
0.0008
0.0008
0.0008
0.0008
0.0008
0.0012
0.0016
0.0023
0.0027
0.0031
0.0036
0.0036
0.0036
0.0036
0.0031

1.2247

2.4495

3.6742
448990
6.1237
T.3485
B.5732
9.7980
11.0227
12.2474
13.4722

14,6969

15.9217

17.1464
18,3712

19.5959

20.8206
. 0.0832

22.0454

0.0012
0.0024
0.0090
0.0100
0.0112
0.0121

" 0.0153

0.0161
0.0181
0.0221
0.0250
0.0261
0.0323
0,0390
0.0413
0.0491
0.0579

"FINAL SATURATION=

FINAL MOISTURE=

1.084 .

1.105




TEST NUMBER 8C CONSTANT MEAN EFFECTIVE STRESS -

CINITIAL DRY DENSITY= . 1.124
_ INITIAL VOID RATIO= 1.410

 INITIAL SATURATION=  0.989

INITIAL VOLUME OF SAMPLE=  87.149
 INITIAL MOISTURE CONTENT=  0.515
FINAL MGISTURE CONTENT= 0.481

~-~ VOLUME AFTER ISOTRCPIC COMPRESSION=

82.195

© - SHEAR TEST- MEAN STRESS CONSTANT

1.00° 0.50 0.001l8 -0.0009 -0.0000 1.2247 0.0022
2.00 1.00 0.0025 -0.0012 -0.0000 2.4495 0.0031
3,00 ~1.50 0.0028 -0.0014 -0.0000 3.6742 .0.0035
4.00 2.00 0.0029 -0.0014 —-0.0000 4.8990 0.0035
5.00 2.50 0.0042 -0.0021 -0.0000 6.1237 0.0051
6.00 .. 3.00 . .0.0052 -0.0027 ~0.00C0 .7.3485 0.0065
7.00 3.50 0.0075 -0.0026 0.0008 8.5732 0.0082
8.00 4.00 0.0085 -0.0037 0.0004 9.7980 0.0099
v 109400 - 4.50- 0.,0099 ~0.0044 .0.0004 11.0227 .0.0117

11 10.00 5.00 0.0115 -0.0046 0.0008 12,2474 0.0131
12 11.00 5.50 0.0150 -0.0060 0.0010 13.4722 0.0171
.13 12.00 5.00 0.0171 -0.0077  0.0005 14.6969  0.0203
14 13.00 6.50 0.0208 -0.0093 0.0007 15.9217 0.0246
15 14.0C 7.00 0.0285 -0.0121 0.0014 17,1454 0.0331
16 15.00 7.50 0.0311 -0.0129 0.0018 18.3712 0.0360
17 16.00 8.00 0.0392 -C.0168 0.0019 19.5959 0.0457
18 17.00 8.50 0.0424 -0.0185 0.0018 20.8206 0.0497
... 19.18.00. 9.00 0.0862 -0.0417..0.0010 22.0454 0.1044

Vo=~ WHWNC

. 'FINAL DRY DENSITY= 1,202 . FINAL SATURATION=  0.988

... .FINAL SATURATION COMPUTED FROM FIMAL MOISTURE= 1.040

.Sy ..83 . El ... . E3 . E MEAN DEV_STRESS.DEV STRAIN .
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TEST NUMBER 9C CONSTANT MEAN EFFECTIVE STRESS
CINITIAL DRY DENSITY=  1.081
INITIAL VOID RATIO= 1.507
INITIAL SATURATION=  1.001
INITIAL VOLUME OF SAMPLE= 88.037
 INITIAL MOISTURE CONTENT=  0.557
FINAL MOISTURE CONTENT= 0.534
"7 U VOLUME AFTER ISOTROPIC COMPRESSION= . 82.737
AREA AFTER ISOTROPIC COMPRESSION= 1.707
. T SHEAR TEST MEAN STRESS CONSTANT
J st $3 El E3 £ MEAN DEV STRESS DEV STRAIN
2 1.00 0.50 0.0036 -0.0012 0.,0004 1.2247 0.0039
"3 2.00 1.00 0.0048 —-0.0024 -0.0000 2.4495 0.0059
4 3.00 1.50 0.0055 -0.0034 -0.0004 3.6742 0.0072
"5 4,00 2.00 0.0064 -0.0044 -0.0008 4.8990 0.0088
"6 5.00 2.50 0.0071 -0.0054 -0.0012 6.1237 0.0102
"7 6.00 3.00 0.0090 -0.0063 -0.0012 7.3485 0.0125
8 7.00 3.50 0.0112 -0.008l -0.0016 8.5732 0.0157
"9 8.00 4.00 0.0159 -0.0117 -0.0025 9.7980 0.0225
10 9.00 4.50 0.0172 -0.0127 -0.0027 11.0227 0.0244
‘11 10.00 5.00 0.0203 -0.0149 -0.0032°12.2474 0.0287
‘12 11.00 5.50 0.0267 -0.0185 -0.0034 13.4722 0.0369
‘13 12.00 6.00 0.0418 -0.0271 -0.0041 14.6959 0.0562
14 13.00 6.50 0.0556 -0.0365 -0.0058 15.9217 0.0752
"FINAL DRY DENSITY= 1.134  FINAL SATURATION= 1.001
"FINAL SATURATION COMPUTED FROM FINAL MOISTURE= 1.040

L
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- TEST NUMBER 11B CONSTANT MEAN EFFECTIVE STRESS

INITIAL DRY DENSITY= 1.058

INITIAL VOID RATIO= 1.561

- INITIAL SATURATIDN= 1.040

INITIAL VOLUME GF SAMPLE=  86.875

INITIAL MOTSTURE CONTENT= 0.599

FINAL MOISTURE CONTENT= 0.609

~ VOLUME AFTER ISOTROPIC COMPRESSION=  83.775

 1.720

S1

2.00
3.C0
4.00
5.00
6.00
T.00
8.00
9.00

DOVONOTV&WN

s

1.00

$3

0.50
1.00
1.50
2.00
2.50
3.00
3.50

4.50

El
0.0025
0.0079
0.0090
0.0102
0.0136
0.0157
6.0210
0.04950

~0,0099

- FINAL DRY DENSITY=

SHEAR TEST

.. E3

-0.0013
~0.0046
-0.0063
-0.0076

-0.0130
-0.0185
-0.0352

0.0049

1.097

FINAL SATURATION COMPUTED FROM

 AREA AFTER ISOTROPIC COMPRESSION=

MEAN STRESS CONSTANT

E MEAN DEV STRESS DEV STRAIN

-0.0000
-0.0004
~0.0012
-0.0016
-0.0029
~-0.0035
-0.0053
-0.0071
-0.0000

FINAL SATURATION=

FINAL MOISTURE=

1.2247
2.4495
3.6742
4.,8990
6.1237

7.3485

B.5732
9.7980

11.0227

Do 003 1%k ok
0.0102
0.0125
0.0145
0.0203
0.0234
0.0323
0.0687
0.0121

1.043

1.123



"~ TEST NUMBER 128 CONSTANT MEAN EFFECTIVE STRESS -

INITIAL DRY DENSITY= 1.061
INITIAL VOID RATIO= 1.554
INITIAL SATURAT10N= '  1.033 »
INITIAL VOLUME OF SAMPLE= 86.875
INITIAL MOISTURE CONTENT= 0,592
o FINAL MOISTURE CONTENT= 0.582
- VOLUME AFTER ISGTROPIC COMPRESSION= 81.375
AREA AFTER ISOTROPIC COMPRESSION= 1.682
e
: SHEAR TEST MEAN STRESS CONSTANT
J S1 S3 £l £3 E MEAN DEV STRESS DEV STRAIN
2 1.00 0.50 0.00l7 -0.0012 -0.0002 1.2247 0.0023
3 2.00 1.00 0.0035 =0.0020 =0.0002 2.4495 0.0045
4 3.00 1.50 0.0038 -0.0025 -0.0004 3.6742 0.0051
5 4.00 2.00 0.0043 -0.0030 -0.0006 4.8990 0.0059
6 5.00 2.50 0.0055 =0.0037 -0.0006 6.1237 0.0075
7 €.0C 3,00 00,0068 =0.0045 -0.0008 7.3485 00,0093
8 7.00 3,50 0.,0082 =0.0060 -0.0012 8.5732 0.0115
9 8.00 4.00 0.0092 -C.0070 -0.0016 9.7980 0.0132
10 9.00 4.50 0.0112 -0.0081 -0.0017 11.0227 0.0158
11 10.00 5.00 0.0142 -0.0103 -0.0021 12.2474 €.0201
12 11.00 5.50 0.0190 =0.0130 =0.0024 13.4722 0.0261
13 12.CC 6400 040322 =0.0212 =0.0034 14,6969 0.0436
14 13.00 6.50 0.0378 =0.0241 -0.0035 15,9217 0.0505
FINAL DFY DENSITY= 1.123 . FINAL SATURATION= 1.036

FINAL SATURATION COMPUTED FROM

FINAL MGISTURE=

1.115




ij 93 i' 

V%ESf NUMBER iSB CONSTANT MEAN EFFECT[VE'STRESS
CINITIAL ORY DENSTTY= las2e

INiTIAL VOID RATIO= 0e482

s SAfuRhTidNé"W” 1;iqé‘“"ﬂW””w'Wmm”*?”mww
INITIAL voLUMé éF SAMPLE= . 86.875

s MOISTuéEthNféNf£MTH”"0§196M““”"””W"”w“m“
FINAL MOISTQRE”CONTENT= 0.189 .

VOLUME AFTER ISGTROPIC COMPRESSION=  83.075 »\\\_;;,
AREA AFTER ISOTROPIC COMPRESSION=  1.701

SHEAR TEST MEAN STRESS CONSTANT
S1 S3 EL- - . E3 E_MEAN DEV STRESS DEV STRAIN
1.00. 0,50 0.0007 -0.0004 0.0000. . 142247 (.0009
2.00 1.00 00,0023 -0.0014 -0.0002 2.4495 C(C.0030
300 1.5C0 C.0027 -0.0016 -0.0002 3.,6742 0.0034
4,00 - 2,00 0.,0028 -0.0017 =0.0002 4.8990 00,0037
500 2450 C.0030 -0.0018 -0,0002 6.,1237 0.0039
6.00° 3,00 0.0036 -0.0021 -0.0002 7.3485 0.0046
7.0C . .3.50 0,0039 -0.0023 -0.0002 845732 (.0050
8400 4,00 040050 -0.0030 -0.0003 9.7930 0.0066
10 9.0C 4.50 0.0064 -0.0037 -0.,0003 11.0227 0.0082
11 16.C0 5.00 040068 ~0.,0043 —0.,0006 12,2474 0.0090
12 11.00 5.50 0.0089 -0.0054 ~-0.0006 13.4722 C.0117
13 12.00 6.00 040112 -0,0066 -0.,0006 14,6969 0.0146
14 13.C0 6,50 0.0189 -0.0110 -0.0010 15,9217 0.0244
15 14.C0 7.00 0.0228 -0.0131 —-0.0011 17.1464 0.0294
16 15,00 7,50 040500 -0.0289 -0.0026 1843712 040644

VONCWHWN

FINAL DRY DENSITY= 1.902 FINAL SATURATION= le1156

FINAL SATURATION COMPUTED FROM FINAL MOISTURE= 1.205




B N T P R

TEST NUMBER

©INITIAL

S1.

1.00
2.00
3.00
4,00
5.00
6.CC
7.00
8400

DO~ HON

FINAL DRY

 FINAL SATURATION COMPUTED FROM FINAL MOISTURE=

INITIAL
INITiAL

INITIAL

FINAL MOISTURE CONTENT=

VOID RATIO=

VOLUME OF SAMPLE=

INITIAL

168 - CONSTANT MEAN EFFECTIVE STRESS

DRY DENSITY=~, 1,130

1.397

SATURATION= 0,925

864875
MOISTURE CONTENT= 0,477

- 0e493.

VOLUME AFTER ISOTROPIC COMPRESSION=

S$3

0,50
1.00
1.50

2.00\‘

250
3.C0
3.50

4,00

" .SHEAR TEST

El
0.0C32
0.0036
0. 0044
0.0062
0.0080
0.0141
0,0161
€.0198

DENSITY="

E3
-0. 0016
-0.0030
_000040

AREA AFTER ISCTROPIC COMPRESSION=

83.175

1712

MEAN STRESS CONSTANT

E MEAN DEV STRESS DEV STRAIN

-0.0000
-0.0008
-0,0012
-0,0020

-000083 "000028

-0.0138
"C-Olslf
-0.0188

1.161

-0.0045

-0.0049

-0.0059

FINAL SATURATION=

142247
244495
3.6742
448990
641237
7.3435
8.5732

99,7980

0.0039
0.0054
0.0069
0,0101
0.0133
C.0228
0.0257
0.0316

0.922

1.000




TEST NUMBER 198 CONSTANT MEAN EEFECTIVE STRESS

“ fj£REA'AFTEévisé?écéit"cQMPRESSIQN¥:*

BERW [—-

N

I

El

SHEAR TEST

FB

FNIT{AL VOID RATIO= - 0.682
"f ;j;lﬂifig;’sA;&é%féégf_i;ii%;q4?;i:;;;i;:t]7f  e
INITIAL VOLUME OF SAMPLE= 82.821
‘5“¥§1%£A;f&dié%bééfbg;}gMTéi LUié};%é{ 5 ;ETT:”.
“FINAL MOISTURE CQNTENT‘ Ce235 s
“ VPLUWE‘XFTEF IJDTRCPwaE5M;§EggibN— viM;7{}£¥

MEAN "STRESS CONSTANT

E.-MEAN DEV .STRESS.DEV..STRAIN

InGGu

2.00

SR, 000

4. 00
5.00
600

1.00
1 a B0
2,00
2250

3,00

10

11.
12

SR 5 W

14
15
16

<>m;uo~m.bpomg-

Te00

8,00
G 00
1C. G0
11.CC

200

12,CC
14,060
15.00

3,50

4,00

450

5.00
550

5600
5450

7.00
7.50

050"

10,0006 -

0.0007
N.0028
0, 02079
C. 0084
0e0CBE.
00,0096
0.010C

"0.D114

0.0124
CeD142
-0e0L66..
0.021706

0.N223 -
0. 0368

oz L NA o DR Y DENS I TY =

".0004

=3 0014

“CQDOQO
0.0042
=0..0044
-Uo(‘nl"g
-0, 0050
-000057
-0.0063
u.0367

v A 4 er 79» v »O-.

~0.0080
0108
-0.0179

le7 34. R

~ FIMAL -SATURATION COMPUTED. FROM

\

0002

Ue“OOn;
10,0000
’-O!OOGO”

-0,00200

-0,0060
4.2 0.0000C ...
=0.0000"
.-OOOOGO
=00000

0020
Ce30303

0.,000Q3

FINAL MOISTURE=.

Q003
0.0003
0.0003

1le2247

244495
3.6742

468990

641237
743435,
305732

Ge7930

11.0227

12,2474
13,4722

1446969 0

15,9217
17.1464
1843712

o D004 #38%k

0.00809
00035
Cs0096
0.0103

060108

0.0118
0.0123
Ce0140 -
CeD152
CeC170

0.0204
Ce0270
000447

:RIMALWSAIURATIomz,mmmwl.057.

1.132

1.666

00200 .o
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TEST NUMBER 2GB CONSTANT MEAN EFFECTIVE STRESS.

rpsaens oy S S S e DY AR T T

 INITIAL CRY DENSITY=  0.975 =

INITIAL VCID RATIQ= 1,780

et

 INITIAL SATURATION= 0,989

INITIAL VCLUME - OF SAMPLE= 88e.621

T A A T T A e, L S S IO S e

CINITIAL MOISTURE CGNTENT=  0.650

FINAL MCISTURE CONTENT= Ce 644

VOLUME AFTER ISOTRCPIC COMPRESSION= 84221

ﬂwhﬁggﬁnggéfigcfébﬁfé;66&5&§§§ib&%fw.w i;7zi.tmeWw,mww,

h SHEAR TEST MEAN STRESS CONSTANT

b .83 . EY __  E3 _ E MEAN DEV STRESS DEV STRAIN
“1e00U  GeBG  0aC(Y7 =GCa00U9 =0.C0C0 142247  0.0021%%x%%s

200G 10U 00024 ~0.,0C15 —0.0002 244495 (€.,0032 ;
5 2e00C 1050 CeUC34 —0o0032 —0.0010 3.6742 (0.0054

4eUU 2400 GCo0046 =Ua0041 —0.0012 448990 040071

5600 2050 060055 —0e0057 —0e0C20 601237 (0.0092
. 6e0L. 3000  GeG068 -0,0U70 —000024 Te3485 0.0113
" TeCU 3450 0e0112 —040104 —0,0032 865732 0.0176

BeUU 4oCO 0,Ul5C —0.0148 =0.0048 9.7980 (l.0C243

o006 405G GCoUl7G —000247 -0,0168 11.0G227 C.0340

7

COBNO ML WNC

-

.. EINAL _LRY DENSITY=  0.994  FINAL SATURATICN= = 0,989 -

. FINAL SATUKATICN COMPUTEG FROM FINAL MGISTURE= 1,010
/ |




TEST NUMBER

INITIAL

INITIAL

CINITIAL

INITIAL

CINITIAL

DRY DENS[TYi‘}

218 CONSTAMT MEAN EFFECTIVE STRESS

1,289

VGID RATIO= 10102

SATURATION= 1,030

VOLUME OF SAMPLE= 860875

MCISTURE CONTENT=  0o419

FINAL MOISTURE CINTENT= 0e373

fg?f

© AREA AFTER ISGTRUPIC COWPRESSION=

1eGU
200G

450G
5.0¢
62l
Tall
EaUC
SaiU

Nale SEENN o SEC NN S AV I 4

1

C

FINAL DRY OENSITY=

SL. .

3. CGU

VOUUME AFTER ISOTRCPIC COMPRESSIUN=.

$3  Ei ..

N

il ‘. SRS P

G50 0a0023 —0.0012 =Uo0GU0  1a2247
LoGU 0aGl27 =0s0ULT =Col0G2 244495
1050 UeUG35 —0e0U3L —UoUGUB  3.6742
2006 Call47 =UoUU36 —~U0s0008 448990
2020 GolCBZ —Ua00L55 —0a0016 661237
30Ul CalLTT —uUsU63 —U,0020 703435
350U UaQlCO —UoUUY3 =Us0029 Be5732
400G  Gol2U3 —JoDl64 —UaQU42  Go71980
4050 10,0250 —Uo0Ll98 —Ce0U49 11,0227

i
"

e SHEAR TEST MEAN STRESS CONSTANT
€3 E MEAN DEV STRESS DEV STRAIN

Ge ODZQ*:}:::::;::;::

$.0036

Ga0G506°

Go U068 -
U0 0096
Ge0120

GaU158
Le2299

Geld3606

le344.  FINAL SATURATICN= 1.

FINAL SATURATICGN COMPUTED FROM FINAL MOISTURE=




IR SO

TEST NUMBER
INiflALv !
INITIAL VCID RATIO=

INITIAL SATURATIUNé

INITIAL

INITIAL

FINAL MGISTURE CONTENT=

AREA AFTER ISOTROPIC

ORY DENSITY=

VOLUME OF SAMPLE=

MGISTURE CCNTENT=

VOLUME AFTER ISOTRGPIC COMPRESSION=

G O R R AT

228 “CONSTANT MEAN EFFECTIVE STRESS

 'k1.o14
1674
;4'6291

oo
0. 630

Co571

79.275

COMPRESS ICN= 14653

% i

7T UUSHEAR TEST  MEAN STRESS CONSTANT

4 S1 S3 El . E3
2 1leCU 050 040020 =-0.0010
3 Ze0C l.OO' 0.0026 -Ue0Cl4
4 3400 Le5C (e0038 -0.0022
5 4eC0 2400 060044 —-0.0025
é S.GG 2050 GpDOSl -Cs0035
7 6460 3,00 Co0C56 —0.0041
8 TeCG0 3650 040071 -0o.0048
9 840U 4400 Ca0089 -0.0057
10 SeCC 4450 040103 =0.0065
11 1600 540G 0.0166 =040096
12 11,00 5450 (C.0185 —-C.C106
15 12400 . 600 040238 ~0,0134
14 13.CGC 625C Co0312 -Go0172
15 14400 7400 0.0415 -0.G221
16 156C0 T745C Ue0769 —0,0408
17 164CC 840GC —06,0256 (.0126
FINAL CRY DENSITY= la111

FINAL SATURATICN COMPUTED FROM

E MEAN DEV STRESS DEV STRAIN

—Ce0000 102247 040024%%350%:
—CeOCCLl 244495 0,0033
—0e00C2 34,6742 0(.0049
—O.GOCZ 408990 600056
~0e0006 641237 (€.0070 i
—CoGC009 743485 (.0080
-Co0C09 845732 (0,0098
~C0eCGC8 947980 (40119
-0eCCUS 110227 (Ce0137
~0e00C8 1242474 0.0214
=0e0009 13,4722 00238
—060010 1446969 (.0303
=0e0011 1549217 Ge0395
=G0.00C9 1701464 ($.0519
~00016 1843712 Ge0961
~0+0002 1945959 (40312
FINAL SATURATICN= 1.023 '

FINAL MGCISTURE= 1.074

o



VOLUME AFTER ISOTROPIC COMPRESSION= 804625
~ N )
AREA AFTER ISCOTROPIC COMPRESSION= . 1.669
SHEAR TEST - MEAN STRESS CONSTANT
4 S1 | s3 El . E3 E MEAN DEV STRESS DEV STRAIN
2 1,00 0.50 0,0009 -0,0005 00,0000 1,2247 0.0011
3 2000 1,00 0,0021 -0.0010 -0,0000 2.4495 0, 0025
4 3,00 1,50 0,0054 ~0,0030 -0,0002 3.6742 0.0069
5 4000 2,00 05,0067 -0,0040 -0,0004 4,8990 0,0088
6 54C0 2,50 000088 =-0,0052 -0,0006 661237 0.0115
7 6.00 3900 000095 '009063 "000011 703‘1’85 090129
8 7+00 3,50 0.0105 -0,0068 -0s0011 845732 0.0142
9 8,00 4,00 050115 -0,0073 -0.0011 9,7980 0.0154
10 9400 4,50 00,0140 -0,0092 ~0,0015 11,0227 0.0190
11 10,60 5,00 000156 -0,C110 -000021 12,2474 00,0217
12 11,00 5,50 060187 =0,0126 =0,0022 13,4722 0.0255
13 12.00 6,00 Co0242 -0.0161 =0,0027 14,6969 0.0329
14 13,00 65,50 0,0370 ~0,0231 =-0.0031 15,9217 0.,0491
FINAL DRY DENSITY= 1,169 FINAL SATURATION= 1.048

TEST NUMBER 25C CONSTANT

SRR

TRV SR VINS A SO SN L A

INITIAL

INITIAL

B U

S G s ek e L i R

MEAN EFFECTIVE STRESS

INITIAL DRY DENSITY= . 1,094

VOID RATIO= 1.478

SATURATION= 1,042

INITIAL VOLUME OF SAMPLE= 860875

INITIAL MOISTURE CONTENT= 04569

FINAL MOISTURE CONTENT= 0,537 -

FINAL SATURATION COMPUTED FROM

‘FINAL MOISTURE=

lel

04




APPENDIX III
CALIBRATION CURVES
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