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ANTHONY FRANK AVELLANO ABSTRACT

This theslis 1s an 1investigation of the nature of shear
fallure of a compacted silty clay.

The investigation consists of the determination of
the true angle of internal friction, an analysis of the
interaction of the friction and cohesive components of
shear strength, and a study of the deformatlon character-
istics of the materilal.

Consolidated undrained (CU) triaxial tests with
porewater pressure measurements were used to measure the
shear strength. Trlaxlal creep tests were made to determine
deformation characteristics.

It was found that there 1s a point of inciplent
fallure at which the shearing stress equals the frictional
resistance of the soll @5 tan ge. This point occurs at
the maximum positlive porewater pressure. At lower shear
stresses the measured pore water pressure agrees with that
computed on the basls of elastlicity. At higher stresses,
the pore pressures are influenced by the dlsplacement
of particles along the fallure plane. It was also concluded
that coheslon becomes stressed at inciplent failure.

Excesslve deformation occurs when cohesion 1s stressed.
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ERRATA SHEET

Chapter I

1. P.1l, 1line 2, Coulcomb should read Coulomb.
Line 4 relatifs should read relatif.

2. P.2, par. 4, 1iné 2 and par. 5 last line,
Ruthledge should read Rutledge.

Chapter 1II

1. P. 7, 1line 1, modulus should read modul.
Equation (113 N (¢  -¢€5) should read N ( € - &

Equation (12) QfégL__ should read JLE?M
Equation (13)-N& 4« :x¥e’ should read - Ne, ¢ NE,

< z v Z
respectively.

Chapter III
1. P. 9, 1line 1, studies should be studied.

2. P. 10, line 4, killograms should read kilograms.
Last line 400 should be 300.

P. 11, par. 2, line 1, diped should be dipped.

4, P. 12, par. 2, line 1, thest should be these.
Line 9 respresnt should be represent.

5. P. 13, par. 3, 1line 1, Tergaphl should read
Terzaghi.

6. P. 15, par. 2, line 2, diped should read dipped.
Bibliography
1. No. 5, Ruthledge should be Rutledge, P. C.



I. DEVELOPMENT OF CURRENT KNOWLEDGE

The history of the shear strength theory of solls
dates back over a century and a half to 1773 when Coulcomb
wrote his essay "Essal sur une application des regles de
Maximis et Minimis a'quelques problems cde Statique, relatifs
a' 1' Architecture." 1In this paper, he expressed the
classlic equation

S =C + o tan 7, (1]
in which C 1is the cohesion, and < tan Z a frictional
reslstance proportional to the normal pressure on the plane
considered. Although the shear strength equation 1s simple
in appearance, the determination of the parameters C and ﬁ
in a cohesive soll 1s a delicate and trying problem.

In 1937, after years of experimentaion, Hvorslev (1)*
introduced the modified Coulcomb equation

S =Ce + (0~ - u) tan Je [2]

where S shear strength

Ce = true cohesion

Ze = angle of true friction

0An = total normal stress on the fallure plane
u = porewater pressure
(o - u) = ogn , the effective normal stress on the fallure

plane

*Numbers In parentheses indicate reference listed in
Bibliography.

1



Hvorslev also concluded that true cohesion was a function
of the water content. These two criteria of true coheslon
and true friction were profound advances 1n the under-
standing of the fundamental strength properties of soills.

Rendulic 1937 (2) made the first attempt to measure
porewater pressures occurring In a triaxial test. He also
showed that the voldé ratio cdepends upon the deviator and
hydrostatic stresses 1in a test speclimen.

Simultaneously, Hvorslev investigated rapid shearing
in solls, and found that a negative pore pressure may be
developed, apparently increasing the shearing resistance.(3)

As rapid advancements in the understanding of shear
strength were made 1n Europe, work on trilaxlal apparatus and
shear problems were brilllantly carried out iIn the United
States by Jurgenson and A. Casagrancde. Casagrande was
influentlal 1in determining the effective pressures on
specimens in the undrained triaxlal test. (4)

Climaxing the Corps of Englneers' Soll Mechanlics Fact
Finding Survey on Shear Strength (1939-1947), Ruthledge
prepared a review of the results obtalned in the survey.

Of paramount importance was his finding that the shear
strength of a saturated soll depends only upon the water
content at faillure, belng Iindependent of the confining
pressure 0-3, porewater pressure or the method of testing.(5)

In 1955, G. A. Leonarés (6) approached the shear

Strength problem in a manner very similar to Ruthledge's.



He found that for a glven set of 1Initial conditions, the
relationship between compressive strength and void ratio
at fallure 1s unique, regardless of the confining pressure,
drainage, water content or method of testing.
In the Coulomb-Hvorslev equation S = Ce + J# tan Je,

On 1s calculated by (02 - u). It was Just a short
period of time before a mathematical expression was derived
to solve for 6w and the pore pressure u in terms of the
applied stresses in an undralned triaxial test. 1In 1948,
Skempton (7) (8) developed his A theory for saturated
normally loaded clays, based on the assumption that the
soll is an elastic material. He also developed an expres-
slon relating the pore pressure to the deviator stress and

2~ . The term A was introduced as a ratio of the

expanslbility of the soll to 1ts compressibility. ;1_varies

Cs
from .5— 0, and 1s expressed by A = C . The pore
c
pressure U} 1s equal to
D _
T + 2 A [3]1*

where D 1s the deviator stress.

As determination of pore pressure 1s so vital in the
analysis of effective stresses, Bishop and Henkel (1953)(9)
made further studles of the problem. They found, as did
Hvorslev, that a negative pore pressure willl result 1n a

preconsolidated clay specimen sheared in the consolidated

*See derivation on pages 6 and 7.






undrained test. Thls negative pore pressure developed
during shear, remalned even after the load was removed,
causing the soll to absorb water and subsequently fall.
Bishop and Henkel explaln the negative pore pressure as
being caused by dilatancy (expansion of the soil when
sheared due to particle movement along the faillure plane).
The tendency to undergo volume change cduring shear
develops an additional pore pressure Ug . U% can
be expressed using the ‘A. theory and shear deformations

by the equation
3 PD [4]*
1+2 A

where P = 35¢PJ s, N belng a constant andéi the principle

2 Cc
vertical straln. Knowing UB , the shear equatlon for

Up

saturated dilatant solls becomes

S=Ce +(@=-u) tan Ze =Ce + [G - (U + Us )] ta? %e.
5

The triaxlal test only measures U, , but usling the &
theory Ug and Ug may readily be found.

Finally the pore pressure 1in a partlially saturated
soll must be considered. J. W. Hi1lf has analyzed the
pressure 1n air and water contained iIn the voids of a soll
in the undrained test. (12) The simplified equation for
porewater pressure 1n a partially saturated soll can be

exXxpressed as

Up = Ce D+ |2 | 4y
Pa - u, [6]
Ce + 2C5 + Va
Pa-uc

*¥See derivation on page 7.



where Pa atmospheric pressure
Va = volume of air/unit volume of soill after
application of D
u = Caplllary pressure between grains, varles
from 1/2 Pa—>0 [11]

Shear strength has thus far been regarded as the sum
of Ce and J» tan Ze. Retrogressing to 1948, A. W. Skempton
(12) performed extensive fileld investigations on saturated
impermeable clays using the ﬁé = 0 analysis. Thils interpre-
tation of S = C, may well suffice for clays having little
or no drailnage.

Skemptdn found that the Ze = O method obtalned good
agreement between the computed and measured factors of
safety, but the fallure plane in the fleld di1d not agree
with that calculated.

Opinions vary as to the interactlon of the shear
strength components. One hypothesls is that of P. W. Rowe
(13). Rowe postulated that when a shear stress is applied
to a soll, 1t 1is first resisted by the frictional component.
The coheslve component 1s brought into action only after
the stress exceeds the frictional part. Through circum-
stantlial evldence, Rowe concluded that any shear stress
applied to true cohesion results 1in creep or progressive
deformation. In other words, equilibrium of a soil mass

is attalned only 1f the applied stress 1s resisted by the

true friction.



IT. THEORY

Incipient Fallure

The purpose of thils investigation is to study the
shear strength characteristics and the behavior of the
material under stress. One may expect the behavior of
the porewater pressure and effectlive stress to undergo
considerable change as a soll specimen 1s stressed to
fallure. From Rowe's hypothesis, 1t seems lilkely that at
some point the shear stress equals the frictional component,
and further increase in the stress mobllizes cohesion.
This may be called the point of incipient failure.

The shear and normal stresses on the fallure plane
may be examlined from a plot of 7L and 5% . See Figure 1.
It 1s seen that the curve crosses the true ¢ line at point A.
After point A is reached, cohesion 1is mobilized. Previously

the shear 1s resisted entirely by the frictional component.

Porewater Pressure

If an elastlc soll 1In a CU test 1s subjected to a
deviator stress D and hydrostatic stress J3 , the principle

stralns may be expressed as follows: See Figure 2.

€ - _asT . Z_ s AT = D-Up +Z/6—MP'-— [7]

’ E, E, E. E,

€ = o | (I-4) o= - - (Q:_U;z)_o—/a;)—uﬂ
Ec ES Ec EJ

6



where Eg and E, are the modulus of expansion and compression,
ané _~4s and _+, are Polssons' ratios for expansion and

compresslon, respectively.

Also (L_:_‘:&) = Cg and (/_“2/4&) = Co (8]
E, E_c
where Cg and C, are the expansibllity and compressibility,

respectively.

In the consolidated undrained test A\/ = 0 for a
saturated soll, so

6,' ==-2 6,' (9]
We may combine 7, 8, and 9 and solve for the pore pressure
Uo

1+2 A Ce + 2 Cg

Equation 10 1s based on the assumption that the
material 1s elastic, and that no volume change occurs
when shear deformation 1s produced. If the soll tends to
undergo volume change durlng shear, this volume change can
be expressed by

34 = NI = N(E - €,) [11]
where A € 1is the normal strain, #' the shear deformation,

and N a constant. If equation 9 1s substituted into

equation 11, then

4

346 = N& = .33. [12]
The total principle strains become
€:€ -4€E: D-Up + 245Uy — Vg

E E, 2 [13]

’

&1 6n €t ity DUy ~(/%s) th M
{ , 2
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Combining 13 with 8 and 9,

_ Cc (1-3P) D D — 3 PD
Up = Cc + 2 Cq R v N~ 1+2 A [14]

where P = 3 6; N
2 Ca

Equation 14 1is seen to consist of two parts. The first
part represents the porewater pressure in an elastic
material, and the second part the additional porewater
pressure due to the tendency of the soll to undergo a volume
change. Since the volume change 1s brought about by relatilve
displacement of particles along the failure plane, 1t seems
that the second part becomes important only.at large strailns
near fallure. Therefore, at low stralns the pore pressure
may be computed by the expression Ué = D . As

1+2 A

stress Increases, soll partlicles are displaced along the

failure plane and cause a decrease 1in pore pressure by the
- 3PD
1 +2A
the point of incipient failure. This point may possibly

amount Particle movement 1s initlated at

coincide with the maximum porewater pressure.

Creeg

1

A further objective of the investigation 1s to study
the deformation characteristics of the soll under slow
loadlng. Rowe's hypotheslis states that after true cohesion
1s mobllized, the soll undergoes excessive progressive
deformation at constant stress. This phenomenon 1s called
creep, and occurs after shear stress exceeds the frictional

resistance.



I1II. METHOD OF INVESTIGATION

Soll Studied

The soill studles was Mississippl loess . Mississippil
loess 1s a Plelstocene Aeollan deposlt found along the east
bank of the Mississippl River, extending the entire length
of the state. Thls particular soll came from Vicksburg,
Mississippl.

In 1ts natural state, loess 1s a calcareous clayey
silt contalning a variety of fresh water and land shells.
Loess 1s light buff in color and rather fine in texture to
the touch. The 1ndex properties of the loess are given in

Table 1 and Figure 3.

Preparation of Soll Speclmens

The soll was received in a disturbed condition with
most of the natural water content retained. It was put
into an air tight metal contalner and stored until ready
for use. The natural water content remalned substantially
the same during storage.

It is very 1lmportant to produce quality specimens
for triaxial testing. This criterion demands a uniform
distribution of soll particles, molsture, and void ratio.
These propertles were obtalned by a tedlous process of

hand grinding the soll In a commercilal meat grinder and
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then mixing the material in a 12 quart mechanical mixer for
10--15 minutes at a molsture content of about 25%. The soil
was thoroughly mixed until a homogeneous substance was
obtailned. Approximately flve killograms of soll were

ground and mixed to make one batch of specimens. The
preparation procedure resulted 1n a very satisfactory soill
mix.

To obtain a constant vold ratio throughout the length
of a specimen, 1t is essential that the compactive effort
be uniformly distributed. A CBR mould (6" dilameter and
8" high) was used to contain the soil.

A fine copper screen was placed on the bottom of the
mould to facllitate drailnage durling compaction and give
the soll a smooth surface. Approximately M-1/2 inches of
soll were placed in the mould in four increments, each
layer being kneaded with a rubber tamper. A second copper
screen was placed on top of the soill cake.

A 2" high aluminum compacting piston was used having
a diameter 1/8" smaller than the CBR mould, thus eliminating
the friction between the wall and piston.

The mould was then statically compacted 1in a 60,000
1b. capaclity Tinus-Olson testing machine. The rate of
loading was applied at approximately 2% of the total load
per minute, and held at the desired value for ten minutes
by the automatlc load holder. Removal of the stress was
instantaneous. Compaction pressure of 400, 1000, and 2000

psi were used.
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After a 24 hr. period in a 120% humidity molsture

room, the soll was extracted from the mould ylelding a cake

roughly 6" x 3-1/8". The soll cake was cut into six speci-

mens with a coping saw. Steel plates and a "C" clamp were

used to restrict movement while cutting. Thils procedure

was laborious, but proved satisfactory in obtaining uniform

undisturbed speclmens.

Each specimen was diped In wax, placed 1n a sealecd

then stored 1n the molsture room for a perlod of

bottle,
10 days. Thls was done to reduce the effects of thixotropy.
Seed and Chan (14) showed that Mississippl loess

increases 1In strength with prolonged storage time. The

greater part of the thixotroplc strength increase was found

to occur during the first 10 days of storage. The time

interval between the testing of the first and the last

specimen of a batch was about flve to silx days. Thus, a

period of 10 to 15 days of storage was 1ncorporated to

minimize the effect of thixotropy.
All test specimens were 2.8" high and 1.40" in dia-

meter. They were trimmed on a hand operated lathe to

reduce disturbance. The uniformity obtalned was very good.

Experimental Program
The experimental program conslsts of the determination

of the true friction, study of the porewater pressure

behavior, measurement of the compressibllity and expan-

sibillity, and the measurement of creep.
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To study the shear strength, the value of the true

angle of internal friction Ze must be known. The true

angle of friction may be found by producing two soll specl-
mens with equal vold ratios, but different effective normal

stresses at fallure. Cohesion depends upon the vold ratio

of a partially saturated soll. If two specimens have equal

voléd ratios at fallure, their true cohesion values must

be the same. If these two speclimens have equal coheslon,

the difference in strength must be attributed to the dif-

ference 1n the frictlional component, g7 tan ﬂé.

If the effective princilple stresses of thest two

specimens at fallure are plotted, with 7\ as the ordinate

and O- as the absclssa, the Mohr's envelope wilill intersect

the ordinate at Ce with a slope of ge. Figure 4 shows the

graphical construction used to compute the value of the

true angle of internal friction. Figure 4a shows two void

ratio vs ,5%} curves obtalned for one soill. The corre-
sponding effective stress envelopes are plotted in Figure U4b.
Polnts 1 and 2 respresnt equal vold ratlos at fallure, and

the Mohr's circles for these condltlons are labeled 1 and

2 1n Figure 4b. The common tangent then makes an angle

ﬁé with the horizontal and intercepts the y-axis at a dis-

tance Ce above the origin.
Consolidated undrained (CU) tests were performed to

obtaln the necessary envelopes. Each sample was placed

In the triaxilal unit and consolidated under a hydrostatic
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untll the volume change had ceased. After

a devlator stress was applied at an approxi-

Pore pressure

pressure 03y

consolidation,
mate rate of 4% of the maximum deviator.

measurements belng taken simultaneously.

The bulk of the triaxial tests and all of the pore

pressure measurements were performed on the three bay
triaxial unit shown in Figure 5, designed by Dr. T. H. Wu.
This unit is simllar to that developed at Harvard with

certaln modifications that greatly faclilitate pore pressure
The unlt was

measurements and over-all ease of operation.
of

designed to provide an axial load of 240 Kg. and a O3

4,22 Kg. The right cell in Figure 5 1s equipped with a

harness that allows the application of a constant axial

The machine has one instrument panel from which

load.
and pore pressure measurements can

saturation, drainage,
be controlled. Each cell functlions 1independently of the

other two.
Porewater measurements are made by balancing the

capillary tube A in the schematic diagram Figure 6.
In 1936, Tergaphi (15) showed that the inclination

of the fallure plane with respect to the minor principle

e = 45°+_%‘2_.

axls was included at an angle of

Specimens tested In the unconfilned compression test provide

a convenient means of measurling this angle. Thls method

of determining @ge 1s not very accurate, but if the angle

1s measured as 1t first appears, a falrly constant value
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of the true angle of friction 1is obtalned. In this study,

a large number of tests were made (approximately 20) and

the mean value of @e constitutes a reliable estimate.

Unconfined compression tests were performed at 2% strailn
per minute with a standard controlled strain apparatus.
Creep tests were made to study the deformation of
the soll. They are very analogous to the CU tests. The
specimens were consolidated under a 03 pressure untill
drainage haé stopped. Then allowing no drainage, loacd
increments equal to a fractlon of the maximum deviator
stress were applied. Thils increment was malintained until
all deformation had terminated, then another i1ncrement
was added. The procedure was continued until the specimen
falled. Creep tests were done only on samples compacted
to 1000 and 300 psi.

It was 1mperative to obtaln values of CC and Cgq to
evaluate the porewater pressures for a partlally saturated
clay. They may be determined from the consolidation curve,
to an arlithmetic scale of e vs o~ .

C - AV - N2 [15]
V ao— (/+eo)ao
Consolidation tests were carried out on 300 and 1000
ps1 specimens. The first load increment was 125 grams,

2cach 1Increment thereafter being double the previous loacd.



Vold Ratio Determination

A critlical factor In the determination of the true
angle of internal friction 1is the vold ratio at failure.
Extreme care was taken 1n measurling this vold ratio as 1t
1s highly sensative to the least error 1In welght or volume
measurements.

After fallure each specimen was Immedlately welghed
in air; it was then diped in wax at 124°C and again weilghed
in alr. Thereafter the sample was suspended from a thin
thread and weighed 1n water. Knowing the specific gravity
of the wax and soll, the molsture content, and using
Archimedes principle, the voild ratio can be found. Because
of the accuracy needed to evaluate the varlous components
of the voild ratio, extensive practice 1in perfecting the

technlque was necessary.



IV. RESULTS

True Phi

From the consollidated undrained tests, vold ratio at
failure vs <% at fallure curves and Mohr's effectilve
stress envelopes were determined. Figures 7, 8, 9, and 10
contaln the results for solls compacted to 300, 1000, and
2000 psil. The graphical procedure explalned in Chapter III
was used to compute the true frictlion. A value of 340
was obtalned from the 1000--300 psl specimens and a value
of 31° from the 2000--1000 psi specimens. See Figure 11.
As the number of tests for the 1000 and 300 psil groups is
much greater than that for the 2000 psl seriles, 1t 1s felt
that the value of 34° is more reliable. The unconfined
compression tests resulted in a Ze of 390. The value of
340, being derived from a more accurate method, was used

In all ensuing calculations.-

Inclipient Fallure

The results of the CU tests performed are given in
Tables 2, 3, and 4. Each table 1s a summary of data
gathered from specimens of one glven batch. The data
presented does not Include all the tests performed, but

1s representative of the results obtalned.

16
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The deviator stress-straln and porewater pressure-
strain curves are shown in Figures 12, 13, and 14. Plots
of 'f: Vs 5ﬁ are shown 1n Figures 15, 16, and 17. Also
shown in Tables 2, 3, and 4 are the measured normal and
shear stresses on the fallure plane at the polint where
the shear stress 1s equal to the frictlional component of
the shear strength. These stresses are found to be 1n
excellent agreement with the calculated stresses at the
point of maximum porewater pressure. In other words, the

maximum pore pressure occurs at the point of inciplent

fallure.

Unconfined Compression

The 20 unconfined compression tests gave an approxl-
mate value of 390 for ﬁe. The stress stralns curves for

a 300 psi and 1000 psl specimen are 1llustrated 1n Figures

18 and 19.

Creep Tests

The results of creep tests are shown In Figures 20
and 21. 1In these figures, the devlator stress 1s plotted

agalnst the stralns that occurred under the particular

increment of loading.

In essence Rowe's therom 1s associated with the creep
deformation 1n clay. Upon examining the creep-deviator
curves 20 and 21, it 1s evident that at a particular deviator

stress a break in the curve takes place. After this break

i St |
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the strain Increases at a much faster rate, terminating
In fallure of the specimen.

When the 300 and 1000 psi creep tests are compared
to CU tests of simlilar samples, the sudden increase 1in the
rate of deformation occurs at the same stresses as the
maximum positive pore pressure (Tables 5 and 6). This
finding veriflies Rowe's hypothesls and further substantiates
the fact that the behavior of the soll at stresses above

the point of incipient fallure 1s different from that at

lower stresses.

Consolidation

The vold ratio vs. pressure curves from the
consolldation tests are drawn to an arithmetic scale in
Filgures 22 and 23. For the 300 psi soil Cc = .0019 and
Cg = .0023. C, and Cg were also determined for the 1000
psi compacted loess and found to be .00393 and .00181,
respectively.

By the use of equation (6) the values of U, for u, of
1/2 of Pa and O were computed and are given in Tables 7 and
8, together with the measured porewater pressure at the

polint of 1ncipient fallure. The agreement between computed

and measured values 1s within an allowable range.




V. CONCLUSIONS

The value of Pe for this soll was found to be 34°,
Incipient fallure takes place when the shear
resistance is equal to 5; tan Je.

Maximum positive porewater pressure occurs at

the point of iInclplent fallure. The pore pressure
Is seen to be positive at low strains, then
decreases as fallure progresses. Up to 1ncipient
failure the pore pressure agrees well with

that predlcated by the elastic theory. Subse-
quently the displacement of particles along the
fallure plane greatly affects the porewater
pressure.

Equilibrium of a soll can not be malntained
without large deformations after cohesion has
been mobilized. Coheslion 1is initlated at

incipilent faillure.
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AND PORE PRESSURE-STRAIN
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SoiL CHARACTERISTIC VALVE
Prastic LmiT 23%%
Liquip Limir 29%
PLAsTIicI Ty INDEX bTo
AcTiviTY 66%
SPECIFICc CRAVITY 2.72
Do | .0180wwm
Dy 0025 mm
Deo 7.2

TABLE ®1 SO/L JIVDEX FROPERT/ES
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CONSOLIDATED UNDRAINED TesT SPECIMEN#4 |SPECIMEN®5 | SPECIMEN®(, |SPECIMEN*7
Miss. Logss 300 Psi
3, Ka/tm? .5 1 R 4
INITIAL & b2
FinaL e 21 bl18 .13 .573
INnTiAL W %o 23.2 22.4 22.2 22.4
FinaL W %o 22 21.7 21.2 21
FinAL SaT, %o 96.7 96 96 98.5
4, 3/ cc 168 1.L8 1.L8 1.72
Mw, 9/cc 2.05 2.05 2.08 2.07
Max (€ - ©3), Kg em? 3,04 4.53 e.94 11.39
&, Ar FaLURE, Kqfm® 4.5k 5.98 q.12 15.31
N3 AT FAILURE, Kg/em? 748 1.45% 2.24 3.93
Davys SToRacE 19 14 13 13
€ a1 MAx (- Fy) .100 128 419 J25
€ AT MAX + L .0071 0142 .0189 .0304
€ AT w=0 023 .037 oM .130
MAx +aL, Ko Zem? +405 .24 343 34
MAax =iy, Kg/em? 440 448 .20b JO52
D AT mAax + 4, Ka 10 17.4 37 73
?j’?‘ AT MAX +4h) Kg/cvmt 414 .705 1.49 2.83
2 | Th AT MAx +au, KgZem™ b 146 2.45 4.77
T AT@ LINE, K9 /cm? 41 .84 176 3.35
T AT R LINE, Ko, em™ ol 1.26 R.bL2 5.0
TABLF ®2  MISs. LT 3% 300 P8I CUTEST
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CONSOLIDATED UNDRAINED TEST|SPECIMEN# 4 |3PECIMEN T3 [SPECIMEN #( |SPECIMEN® 5
Mi159, LOESS 1000 PSI
3, Kg/em? .35 15 L2 .3
IMmTIAL e « 600 590 589
Finan. & il 595 L8578 .580
[ TNITIAL W Po TR0 20.3 R0 T R0.2
Finail WA . R2.3 2L.5 | 20.6 0.3
FinaL SAaT. o _99 78.5 98 T 97
(P4 3 1.b% 1.71 1.72 — 1.71
Ay 9 e 2.06 .07 | 2,08 ° 2.07
MAax (7y-73)y Kagam? 2.09 4.13 _7.64 11.1
T AT FAlLuRF , Ky ew? | 271 | 4.3L 9.74 13.19
 Sgar rarune, Kasmt | 71 _1.04 2.13 |- _=.99
 DAYS STORNGE Y 12 12 . . 138 _ 15
€ AT MAX (T4~ 3) 085 .04 |77 -092% T .,0413
€ AT MAX + A 000673 _.0078 20137 1 0132
€ AT L =0 1 .007 .017 L0673 —
MAx + 4, Ky emt .07 .14 . 245 ¥
MAX -- Ak 3 Kacm™> e 412 RA24 —
D AT MAX + A4, Kl 4 J2 3% .70
EJ T AT Maxea, Kosomd .3 58§ 1.5¢ 2.97
F1%, At maxia, Kednt] - W55 _ | 10 o zsel 424
“T=AT Pe LiNe; KeZewr | .4 1 T .us5 | —130° 281
T AT Pe Live, Ko /en®] U5 37 - z2ra ] 4.24
TAIy T Mies Loy <y 1000 PSS CU TEST




CONSOLIDATED UNDRAINED TESTSPE CIMEN®3 [SPELIMEN®1 [SPECIMEN 2
_ MISS. LOESS 2000 PS|
03, .Kjé:m‘ .5 1 3
TINITIAL € -_— — -_
FinaL & SB2 549 545
IviTiaL W o 19.2 183 18.4
FinvaL W % R0, 1 19.2 . 19. 2
Finan SaT. % 78 74.4 94.5
Ay, 3/ ¢ 1.73 1.75 . 1.77
L, 9% 2.09 2.09 2.10
Max (T,= Ty ), KgAm? 4.15 .99 9.9
| Ty AT FAILURE , Ka tm? 5.0% §.28 12.06
j AT _FAILURE 3 Kg.tm™ 931 1.29 2.16
Dars STORmAGE - 19 14 15
€ At MAX (T3-T3) Ob 0435 0400
E AT MAX * AL . .00b [ .009 014
EAT L =0 .017 021 029
A% + Al , Ka/em? .J19 Y /3 | .R45%
MAX = 4n; Kgslm® 504 I W%x ]l W15%
D AT MAX +uy Kg 8.5 ' 21.5 44
{:AIT' AT MAX t Ak, Ko m?] .35 .37 1.98
_g n AT M‘\X*M)Kg,/c.m L. .5 4,29 § - 291
T Ar Pe Line y Ko m2 .35 .87 1.86.
" AT Pe Ling, Ko fvn? .50 1.29 2.75
TARLE #4  MISS. LOFSS 200, Pl CcU TEST

L2



T TREEP TEST 19PECIMEN | SPECIMEN | SPECIMEN SPE&IHEN
_._...300 P . ). F2 _ *3 4 | T
| T3, Kg_tm* Y- W5 1 1
INTIAL W To .R0,5 20.5 20.8 20.9
Einae_ L 7o ) R0.L R0, L _R0.7 20.8
[IniTIAL € 0S5 605 08 610
 SATURATION, Yo 9% 74 ] 93 92
"MAx+ U v CUTesT,Kekmd] 105 105 21 24
D At PeLine Fio¥/5,Kq | 2710 L. 10 20 . 20
D aTBREAR INCREEPCLURVE Kl 9 71 9 16 12
TABLE ™ 5  Miss. LoESS 300 PS|
—_ CREEP TEST J2PECIMEN|SPECIMEN | SPECIMEN | SPECIMEN
. 100Q P3| T S, .5 NN B SR . w5
T3, Ko em* .35 ] 35 .75 75
Inmiae W o 1. 189 19.0 - ] °_18,9. l9.0
FINAL W o [ J194 7] 2L T 19.6 177
L INITIAL & 0 0 _ 1. 87¢ 5N L S5&7. | 565
SATURATION, ®fa_ —_ [~ qA |7 95 Y 9% __|. 75
MaxAT U CU TesT, Kgaw ™ .07 7] D7 - A 14
Dat $eLine Fio.®¥ /6 ,Kq 10 10 16 16
D at Breax 1N CREZP CURVE Kg 7.5 7.5 5 17

TABLE ¥ 6 Miss.LoESs 1000 PS|

43



L4

M/SS. LOESS SPECIMEN | SPECIMEN | SPECIMEN | SPECIMEN
360P5) *'e e * b 47
Gz, Kfem’ .5 L0 2.0 £.0
VOID RATIO 62/ 6/8 6/3 573
SAT. T, 96.7 g6 76 98.5
§| wc: R , Upz Kyfert | 47 -5/5 615 107
d«:0  Up: kopet | 099 s 327 /11
MEASURED Us, ipsdl 105 .2/ 3¢.3 ‘84

TABLE #7 CALCULATED AND MEASURED VALUES OF
PORE PRESSVRE Up AT MAX + U

M/ISS LOESS SPECIMEN | SPECIMEN | SPECIMEN]| SPECIMEN

/000 PSS/ # 4 # 3 # 6 # 5
RA 35 78 2-0 3-0

VO/O RAT/O 6// 595 575 .5 80

SAT 7 9.0 98:5 98-0 97.0

Y «rs, Up = Ap/on' 45 56 976 /30

I <0, U bppt /02 35 963 93
MEASURED Us, skl 07 /4 245 28

TABLE #8 CALCULATED ANO MEASURED YALVES oF
PORE PRESSURE Uo AT MAX + U




190.

11.

BIBLIOGRAPHY

Hvorslev, M. J. '"Uberdle Festigkeltselgenschaften
gestorten bindiger Boden, Ingenelovidenskabelige
Skriften. A. No. 45. Copenhagen, 1937.

Rendulic, L. "Relation Between Void Ratio and Effective
Principle Stresses for a Remoulded Silty Clay,'
Proc. Ist. Int. Conf. on Soil Mech. and Found.

Eng. V3, p. 48, 1936.

Hvorslev, M. J. "Conditions of Fallure of Remoulded
Cohesive Soils," Ist. Int. Conf. on Soll Mech.
and Found Eng. V3, p. £1, 1936.

BJerrum, L. "Theoretical and Experimental Investi-
gations on the Shear Strength of Solls," Norweglan
Geotechnical Inst. Publication #5, 1954.

Ruthledge, "Soll Mechanics Fact Finding Survey
Progress Report: Triaxlal Shear Research," U.S.
Waterways Experlimental Station, Vicksburg,
Mississippl, April, 1947.

Leonards, G. A. "Strength Characteristics of Compacted
Clays," Trans. A.S.C.E., V. 120, p. 1422, 1955.

Skempton, A. W. "A Study of the Immediate Triaxial
Test on Cohesive Solls," Proc. 2nd. Int. Conf.
on Soil Mech. VI, p. 192, 1948.

Skempton, A. W. "Geotechnical Properties of Post
Glacial Clays," Geotechnique VI, 1948.

Bishop, A. W. and Henkel, P. J. "Pore Pressure Changes
During Shear in Two Undisturbed Clays," Proc.
3rd. Int. Conf. on Soil Mech. VI, p. 94, 1953.

Hil1f, J. W. "An Investigation of Porewater Pressure
in Compacted Cohesive Soils," Technical Memorandum
#654, United States Department of Interior, Bureau
of Reclamation, 1956.

Wu, T. H. "Pore Water Changes in Clays Under Shear
Stress," Report #1 Project G-4158, Eng. Exp.
Station, Michigan State University, 19:8.

s



r



l2.

13.

14,

15.

46

Skempton, A. W. "Practical Examples of Z = 0 Analysis
of Stability in Clay," Proc. 2nd. Int. Conf. on
Soil Mech. V2, p. 63, 1948.

Rowe, P. W. "Ce = 0O Hypothesis for Normally Loaded
Clays at Equilibrium," Proc. 4th Inst. Conf. on
Soil Mech. V1, p. 189, 1957.

Seed, H. B. and Chan, C. K. "Thixotropic Character-
istics of Compacted Clays," Proc. Am. Soc. of
cC. E. V83, SM4, 19t7.

Terzaghl, K. "The Shearing Resistance of Saturated
Soil and the Angle Between the Planes of Shear,"
Proc. 1st Int. Conf. on Soll Mech. and Found.
Eng. V1, 1936.







3

~ e
Sl
[VESYE]

! CSE CLY







