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ABSTRACT
TNVESTIGATION OF EFFECTS OF DISTURBANCE ON
UNDRAINED SHEAR STRENGTH OF BOSTON BLUE CLAY.,

by

NILS-FREDRIK BRAATHEN

Submitted to the Department of Civil Engineering on May 20, 1966
in partial fulfillment of the requirements for the degree of
Master of Secience.

This investigation examined the effects of
sample disturbance on the behavior of Boston Blue Clay
during undrained shears A hypothetical field conditien
was simulated, and different amounts and types of
disturbance was induced into the samples. Earlier
investigations have determined 2 correlation of disturbance
with effective stress on the sample prior to shear. At
the same time overconsolidated samples were tested in
accordance with Ladd and Lambe's method. The general
result was that the "perfect’' sampling" <« could be
estimated on the basis of strength reduction versus
overconsolidation ratio using the ratio of the perfect
sampling effective stress to the preshear effective stress
( & ). Investigation of stress-strain data show that
disturbance reduced the modulus of elasticity considerably,
even below that obtained with the overconsolidated samples.

A direct application of the strength reduction
vs 0.C.R. was used to correct UU tests with@gmeasurements
on undisturbed samples from the M.I.T. campus. The Sw
corrected this way agreed very well with the theoretical
estimate of the in situ S for triaxial compression.
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l. Introduction:

For design problems where immediate stability is the
problem, a total stress analysis assuming geo is generally used.
Basically it is assumed that no drainage takes place during construction.
There is therefore a need to determine the in situ undrained shear
strengths A field vane test will give "in situ" values directly but
unfortunately there is a basic problem of interpretation of the kind
of strength measured with a vane., Another approach is to take so-
called "undisturbed"™ samples and test them in the laboratorye. Since
the effective stresses in the sample is reduced due to stress release
and disturbance during the sampling process and handling in the
laboratory, it is impossible to test a sample with the same water
content and effeétiye stress condition as in situ. By reconsolidating
the samples to the in situ stress condition, thg water content would
be lower than in situ and the shear strength higher. Another
approach is to run an unconsolidated-undrained (UU) test at the natural
water content. This usually results in underestimation of in situ Sw

for triaxial compression. The latter could result in a costly
overdesign whereas the former generally results in unsafe designs.
This investigation.was aimed at correcting the S« values obtained from
UU tests to where they agree better with S in triaxial compression
for a perfect sample i.e. one with no disturbance. Only the undrained
shear strength in compreséion is considered and reduction due to

difference in failure plan orientation and reorientation of principal

stresses is neglected,

A hypothetical field condition was created in the laboratory
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by consolidating samples of Boston Blue Clay (prepared from a slurry)

to a2 certain horizontal and vert.icai stress. Thén some of these samples
wre tested at this "field" condition to give a "field"se . One sample
is unloaded undrained and sheared in compression to give the S of a
"perfect" sample, Other samples were disturbed by stress release,
shearing, and/or remolding by hand. Data from these tests were then
used to check the existing methocis for corfection of disturbance.

The possibility of improvement of some of these methods was also in=

vestigated.
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2o Background.

2.1 Field stresses.

For stress conditions in horizontal soil beds at rest
(geostatic stresses) the following equations have been developed,
The total vertical stress., Sv, is equal to the total unit weight
of soil,ﬁ s times the depth, &,

S %3

The water causes 2 pore pressure at f.he same elevation.

If a hydrostatic condition exists this can be caiculated as follows:
o '.lﬁ»- Hew

where Xwis the p.nit_wéight of water and Hwis the height of the water

table 2bove the point in consideration.

The horizontal stress is indeterminate according to static
considerations. In the special case where no lateral strain in the
ground has taken place, we define the ratio of horizontal to vertical

effective stress, Wiy, as K.

Effective stress is defined as total stress minus the pore
pressure and gives S-Sv-u

and Sh* G- U KS

Several methods of estimating Ko have been proposed. There
are expressions developed from elastic models and empirical approaches.
Timoshenko and Goadier (1951) used linear stress-strain relationship

of a semi infinite medium to calculate Ko:

. - —,1_‘_‘}—‘— (/u is Poissons ratio)
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Jaky (1944) developed an expression for K, that is usually
a good approximation for normally consolidated clays: %5 = 4 '—sinﬁ' 3
Experimental work by Brooker and Ireland (1965) seemed to indicate that
K, is closer to (0.95 - sing ) for such soils. Rowe (1957) proposed

to use Hvorslev's friction angle parameter ﬁ in the expression

K, = tan® (458~ 5% ).

Measurements of K, has been obtained by measuring lateral
pressures in oedometer tests and by attempting to keep lateral strains
negligible in triaxial specimen during consolidation, with varying

amount of success.

See figure 2.1-1 (Ladd, 1965) for values of Ko VS over=
consolidation for some soils, Ko varies from about 0.5 for normally

consolidated soils to well over 2 for heavily overconsolidated samples.,

2k Origin of Disturbances

To determine undrained shear strength of a certain soil bed,
"undisturbed" samples are usually taken at desired depths and tested in
the laboratory. Unconfined compression and unconsolidated-undrained

triaxial tests 2re common means of determining Sw.

However there is a large discrepancy between Su @Spgand
the maximum shear stress measured in UU tests on "undisturbed" samples.
A good example is found in strength data obtained on lLada clay from
Ottawa, Canada. Coates and McRostic (1963) report these findings

for clay at a depth of 55 to 60 ft.
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Type of Test and Sample (tons/ftz)
l. Field Vane _ 0.85

2. Unconfined compression and

triaxial
a) 2 in. dia. open drive 0.6
b) 3.4 in dia. -fixed piston | a % |
¢) block sample 1.6

3. CIU triaxial, consolidated to over=-

burden pressure

a) 2 in. dia. fixed piston 0.9
b) N.G.JI. piston Sampler 1-35
c¢) block sample 1.65

The clay is moderately plastic, overconsolidated, and
very sensitive with a high liquidity index. Fig. 3.36=2 shows
See W > Su @Ss °n an extensive testing program performed
on "undisturbed" samples from M.I,To Campus. Since the bbviously
remolded samples (determined by visual examination and &3
measurements) had the lowest strength, a sizeable part of the

strength loss is due to disturbance.

For common tube sampling, disturbance occurs during the

following operations:

a) Stress release due to removal of overburden as the boring
Progresses.
b) Stress release during removal of boring eguipment.

¢) Compression induced when sampler is pushed into the soil.
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d) Shear stresses developed between walls of sample tube and
sample both during sa@pling and during extrusion of sample.

e) Stress release when sample is removed from tube.

f) Stresses developed during test ‘preparation as trimming and

mounting of samplee.

Figure 2.2-1 (lLadd and Lambe 1963) shows how the effective
stresses might change during these operations. Point A represents
the in situ stressesf At P the original anisotropic stress condition
is reduced to an isotropic stress condition, undpained. Since this is
the minimum amount of stress change we can possiﬁly achieve in
"yndisturbed" sampling, this is the condition called "perfect"
sampling hereafter. The effective stress at this point is refered to
as Sps o Thié parameter is caléulated by (Ladd and Lambe 1963):

Sos = Swe [+ Au (1- 1]

A is the "AMfactor for the undrained

release of shear stresses. This expression is good for both normally

where Hu =

and overconsolidated samples. Point G refers to the actual sample's
stress condition after sampling and trimming, and the isotropic

effective stress is at this point denoted Ss . This stress can be
determined by measuring the residual pore pressure. Since the

kconfining pressure is zero, &g s-Ugprovided Usgis less than one
atmosphere. It is, however, preferable to use a confining pressure ()
high enough to ensure a B-factor equal to unity so that Sps = Ge -~

whereGe = confining pressure and & measured pore pressures

2.3 Methods to correct for disturbance:

It seems logical to divide the change in effective stress
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during sampling and trimming into two different factors; First the
release of the deviator stress (®v -S4 ) brings the sample, undrained,
to an isotropic stress condition ﬁith & +Sps . Secondly "gross"
disturbance reduces the effective stress from Sps —* s (See

figure 2.2-1).

Corrections for differences in undrained strength between
"perfect" samples and in situ strength seems to be relatively minor
.Ladd and Varallyezy (1965) report a 2-15% Serveiian in S4/&e fora
variety of soils so the effort of this testing program is directed to-

wards methods of correction for "gross".disturbance.

2,31 Casagrande and Rubledge (1947): (See figure 2.31-1)

The first method proposed for determining the strength of
completely undisturbed samﬁles was advanced by Casagrande and
Rutledge (1947) They utilized the resul{s of é series of isotropically
consolidated undrained triaxial tests and a standard oedometer test.
By plotting the relationship Between strength and water content at
failure for isotropically consolidated striaxial tests with con=-
solidation pressures higher than the preconsolidation pressure and
extrapolating this relationship back to the natural water content,
the strength of a sample at the natural water coatent, can be
determined. Actually there would be a series of such relationships
corresponding to different degrees of disturbance. Since the sgmples
used to establish the S¢ vs W are somewhat disturbed too, the
extrapolated value will not fully compensate for the effects of

disturbance although it generally will be somewhat higher than the

unconsolidated undrained strength of samples with the same amount of



disturbance initially.

2,32 Calhoon Method (1956): (See figures 2,32-1 and -2)

Calhoon proposes the following elaborate procedure to

improve the Casagrande-Rutledge method:

1. Extrapolate the field virgin consolidation curve from:
a) one undisturbed oedometer test using a thick
specimen (~ 1.5 in.)
b) one undisturbed oedometer test using a thin specimen
(A~ .75 in.)
¢c) one remolded oedometer test using a speciman thickness
of either a) or b).
2. Determine the triaxial consolidation curve and undisturbed.
compressive strength curve from CIU and U tests.
3. The remolded consolidation curve from either ocedometer or
CIU tests on remolded samples and the remolded compressive
strength curve from CIU and U tests on remolded samples

are plotted.

%4, The percentage of remolding in the undisturbed triaxial
specimens is determined.

5¢ The field compressive-strength curve for the average
natural water content or void ratio expected in the field

is determined.

The percent disturbance is deduced from the ratio yz/xz on
figure 2.32-1 based on oedometer tests. Calhoon then proceeds to

correct the Swobtained from the actual "undisturbed" samples by




e
setting yz/xz = y'z'/x'z",

By doing so it is assumed that only trimming produces sample
disturbance. The disturbance ratio yz/xz, is based on both anisotropic
and isotropic consolidation tests and neglects the effect of K on the
location of t:heasvterelationships. The method besides require time

consuming testing program.

2.33 Schertmann Method (1956): (See figures 2.33-1 and 2.33-2)

There is an apparent parallelism of strength vs water
content relationship and the consolidation curve at pressures above
the preconsolidation pressure for soil samples having equal degree of

disturbance;

To use this observation for correction of disturbance, first
determine the most probable field consolidation curve from a oedometer
test on a2 good undisturbed sample, then run CIU tests on both ™undisturbed"
and fully remolded samples to construct the strengh-water content
relationships. Theoretically these data should yield two straight
lines on a W vs log Swplot that intersect at point @ (figure 2.33-2).
Now draw the field Sw through point O and parallel to field consolidation

curve .

The main objection to this procedure is the need for equally
disturbed samples to establish the field strength vs water content
curve. This is very difficult without some measure of the amount
of disturbance., Futhermore although this method is simpler than the

foregoint method, it still requires an extensive testing program. A
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great uncertainity with the method is the parallelism assumed in the
consolidation strength vs water content curves. Appreciable errors in

strengths may result from a small error in fixing the slope of the field

strength curve.

Z.34 ladd and lambe methods (1261.)

2,341 To correct test data obtain from unconsolidated

undrained test.

The authors propose that the decrease in effective stress
caused by disturbance has an effect comparable to that caused by
rebound of CIU tests on samples with Gaw > &SYe  (to minimize

disturbance). It is therefore proposed to determine a curve of

Su
s“-oc&m

pressure Wem « Then the residual effective stress of the actual

vs OCR for a series of CIU tests with maximum past

specimen is measured ( &s )o By treating the ratio of SpstoSs
as an overconsolidation ratio, we can use the curve obBained from the
CIU tests to correct the undrained shear strength data from the actual

disturbed specimen. (See fig. 2.341-1).

2.342 To obtain correct from CIU tests.

In terms of Hvorslev's strength parameters:

1 ﬁ.l.-faﬂ Se o

g g s

Hvorslev cohesion.

Ti”n“‘

Hvorslev friction angle.

\
Hvorslev equivalent pressures

g
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It is assumed that the volume change caused by the consoli-
dation of CIU samples to pressures betweenasandah has little effect
on %during undrained shear and therefore on &p¢ « Thus AW and

&34 are not affected by disturbance. By futher assuming that Pe is
also unaffected by disturbance, the last term,&'&f 7fan Be |, would be

independent of disturbance.

Thus the strength increase due to lower &) caused by
disturbance, is calculated from change in Hvorslev cohesion, lf ASe

comparable to the volume decrease upon reconsolidation to s‘ps

To use this method, determination of the Hvorslev strength
parameters is needed together with an isotropic consolidation curve

for the soil.

Both these methods are based on empirical observations of
the form of test data and used as engineering approximations for

strength corrections.

3.35 Seed, Noorany and Smith (1963).

3.351 Method No 1.

The undisturbed sample strength is calculated by means of

the following equation,
Su @Sps -

+ Ce
(2R ~1) soi Fe
Kf, for a perfect sample, is found by extrapolation of test

data on slightly disturbed samples as follows. Eight good quality
"undisturbed" samples from the same location are needed. All samples

are mounted in cells capable on measuring residual pore pressure. The

A
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effective stress in each sample is measured, (Wg * & - &g h
and compared with the effective st.;ress for perfect sampling {calculated
by the equation given in section 2.2)., Three pairs of the samples are
gently disturbed to achieve a good range of degrees of disturbance in
the four pairs of samples_. On sample from each pair is then sheared
uncensolidated-undraineds The other samples are consolidated to the
perfect sampling stress and then sheared undrained_o Both series are

tested with pore pressure measurements.

( Sps-e) 1is used as a measure of ‘disturbance and
plotted versus Ii‘ values obtained by the eight specimen in fig. 2.351-1‘,
For a perfect sample ( Sps -3 ) =0 and the TU and CIU should give
the same Ky value. On this basis the actual test data are extrapolated

to (Spe =Fs ) =0, and Ar for perfect sampling determined.

Hvorslev's parameters are determined by a series of "tests on
overconsolidated samples. The authors describes two additional
methods for 6btaining these parameters that seem daubtful, especially
the Noorany method of using results from CA-UU and CAU tests consolidated
to the same stresses. These two tests will plot as two very close
points on a ( Si:—_;‘- ) vs % graph that leave room for sizeable
errors in e and Ceunless they are combined with other results. The
Bishop and Henkel method of using the spread in results of normally
consolidated samples has the same drawback if the soil exhibit any

amount of normalized behaviors

By using these three somewhat uncertain values (s.e. Ce,Fep )
into the calculation of "perfect" sample strength, the combination of

errors in each individual value may be sizeable although the individual

errors are small.
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2,352 Method No 2, (Figure 2.352-1)

The same testing program as described in method No l. is
performed but the results are plotted with undrained shear strength
instead on If versus disturbance, (&ps - &S ). As the amount of
disturbance decreases, thé difference 1ruse from U0 and CIU tests
decreases. For a sample with no disturbance the shear strength should
be equal for the two types of tests., By drawing two converging curves
the S OE"P; can be detefmined directly. This methed seems much

more appealing than the first method because of its simplicity.

24353 Method No 3, (Figure 2,353-1)

This method uses data from a series of E-I'ﬁ. tests with
S, « Sps to plot S« vs water content, The more disturbed the sample
the greater theawduring consa]idation_. By extrapolating this curve
back to in situ water content the perfect strength can be determined
directly. Aside from the basic uncertainty of extr;apolat.ion, the
determination of the in situ water content is very difficult. Consider-
able scatter is usually found in samples from the same ground 1ocation_.

By using ‘V/V. instead of water content this problem could be eliminated

however.

The basic problem with these three methods are that they work
well only for slightly disturbed samples. If the amount of disturbance
increases the spread in ( €ps -Ss ) will be suall and at the same
tine ( Sps - Ss ) will be larges Since the sought value is found
by extrapolating back to (Ses » s ) 2 small error in the actual

values will be multipled by the large extrapolation needed to find
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the sought value.

These methods are, however, somewhat interrelated but not

so much so that they can be used to check each other.



15?

3o _Testing Program.

3.1 General aim of testing program.

During the past years considerable amounts of testing has
been done at M.I.Ts in the field of sample disturbance. This effort
has been limited mainly to correct for the reduction ingy due to
disturbance as compared with S« for perfect samples. The basis for
this correction has been the method proposed by lLadd-Lambe and

described earlier in this report.

The testing program has consisted of two parts, First a
series of triaxial tests were aimed at establishing . S vs
overconsolidation ratio and its dependency upon the K-ratio., Secondly
an unknown amount of disturbance was induced into "perfect" samples
and the resulting undrained shear strengths was used to check the

relationship established in the first part of the testing program.

342 General Data on Sample Preparation and Triaxial Test Procedure.

2.21 Sample Preparation.

In this testing program Boston Blue Clay was the only soil
testeds The clay was obtained from field pits, air dried, and ground
up. Ten kilos of this dry powder was mixed into a slurry with tap
water at a water content of about 400% and passed through a No 200
sieves The salt content (NaCl) of the fluid was then increased to
about 24 g/l. By allowing the slurry to settle and removing excess
water, the water content was reduced considerably. Then the soil was

heated to about 70°C, stirred, and placed in a 9.5 in diameter
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consolidometer under vacuum. A consolidation pressure of 1.5 kg/cm2
made a hf5 in. high cylinder of soil with enough material for about

18 triaxial test samples (L = 8,0 ecm f A = 10.0 cn?). A more detail
description of the consolidometer and its use is in Wissa (1961)9 In
this manner a uniform supply of clay was obtained. The method yielded a
clay with strength properties similar in many respects to those of a

natural, normally consolidated clay of moderate sensitivity.

Two batches of clay was stored submerged in Mobilect
Transformer dil No 33 in a humid room untid usages The water content
of these batches were 42,5 % 05%, liquid limit 45.5%, plastic limit
23.2%-and specific gravity 2.77. Grain size distribution is given

in figo 302“'1.

Towards the end of the testing program there was a shortage
of samples. Instead of making up another batch of samples it was
decided to use samples already prepared the same way for another
project. The only difference was the salt content (16 g/l NaCl) and

water content (@ = 38.55 & 0.58). Atterberg limits arew}= L2 .7%,
p= 2357,

A hypothetical "field" stress condition was selected at
Sic= 6.0 kg/em® and€Cae= 3.0 kg/cmzo The vertical stress of 6.0 kg/c:m2
was judged large enough to eliminate preconsélidation and disturbance
effects (1.5 kg/cm2<K 6.0 kg/cm?). K, = 0.5 was selected on basis of
earlier tests on Boston Blue Clay. Figure 2.2~1 showed Ko vs Q.C.Rs

for some clays including Boston Blue Clay,
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322 Triaxial Test Procedure:

Cells:

All tests were performed in standard Clockhouse and Wykeham-
Farrance triaxial cells with exception of the cyclic compression extension
and UU tests. Geonor cells were already equipped with top caps fastened
to the pistons in such a way that they could be used for extension
tests, It therefore was natural to use ﬁhese cellsrfor the cyclic
compression extension tests. A Clockhouse cell was ejuipped ﬁith a very
fine porous stone and a pressure transducer to measure residual pore
pressures in the UU samplesf The lead from the bottom pedestal to the
transducer is made as rigid as possible to keep the flow of water into
the sample an absolute minimum (see figure 3.22-l1). The transducer wes
connected to a BLH Strain Indicator Model 120 with A?C, power packe
The four arm gridge on this instrument provided a very stable voltage
supply and at the same time measured the output from the transducers.
Sensitivity on this setup was about 1/1000 kg/cm2 and the calibration
factor stayed constant for over 3 months through intermittent work.
Since an absolute transducer was used, however, there was experienced
some difficulty with variations in barometric pressure. This could
easily be prevented in the future with use of a transducer measuring

the gauge not absolute pressure.

Loading frames:

The Geonor and Wykeham-Farrance loading frames were used
for 2ll the tests, To insure proper pressure equalization for the tests

with pore pressure measurements the strain rate was set at 1% per hour.
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For the UU tests on the other hand a typical strain of unconfined testing

was used, about i4/min,

Pore pressure Measurements:

All the samples tested were sheared undrained. A N.G.I.
null system was used to measure pore pressures in the samples during
shear with ékception of the UU tests. A description of their use can
be found in Iadd and Varallyay (1965). To decrease the responce time
the equilibration was improved by use of filter strips. In the cyclic
tests no filterstrips were used because of unkﬂown contribution to
the measured deviator stress. To insure full saturation all the samples
were back pressured to 3.0 kg/cmz, at least during last step of

consolidation.

The following procedure was used to measure & for UU samples;

1. Standard triaxial size sample (10 cm® X 8,0 cm) is trimmed.

2. FExcess water is removed from the top of bottom pedestal and the
sample placed on the pedestal of a cell like the one shown in
figure 3.22-1, Membranes, top cap and O-rings aré placed and
cell filled with water. The capillar& pore pressure will
attempt to suck water from the pore pressure line into the
sample. Since the pore pressure line is constructed extremely
rigid, only a minute amount of water will flow into the sample
before the pressure difference between the sample and the
pore pressure line becomes zeroe Then the transducer records
the pressure in thé sample . The fine porous stone, which has

a bubbling pressure in excess of several kg/cmz, is needed to
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prevent the sample from sucking water from stone into the sample.

3+ The sample is kept at zero confining pressure (measured with
a mercury column) until a constant residual pore pressure is

recorded, Effective stress is then, Tge - Ls

L, The confining pressure is raised and an increase in pore
pressure; is observed simultaneously. If the sample is
satﬁrated, the B parameter will be unity and the value of
&4 will be constant. But if the sample has some trapped
air, the increase in pspe pressure will be slightly less

than the increase in confining pressure, a2 B = ‘ /ﬁﬂ'g. </

5. The confining pressure is increased until aus AG’.,(B-factor

equal to unity and:

&, « & - (Ser00%)
Usually confining pressures of 1 to 3 kg/cmz are enough

to ashive B equal to unitye.
Consolidation:
The steps are summarized in tables 4.1-1 and 4.1-3.

Because of testing error the consolidation pressure for

; 2

the first isotropically consolidated samples was indreased from 1.5 kg/cn
to 5.1 kefom® instead of 3.0 kgfem®s It was then decided to do the

same for the rest of the isotropically cqnsolidated samples.

Anisotropic ¢onsolidation was obtained by loading the piston
with dead weights. For each increament the cell pressure was increased

first and dead weight equal to deviatior stress times area of sample



20,

plus the force excerted by the cell pressure on the piston (area of

piston times cell pressure) was added a few seconds later.

Calculations:

The calculations in this testing program was handled the

same way as in ladd and Varallyay (1965). Area during shear was

calculated from A = -/-j_e‘-where £ is axial strain and #Z preshear

areca.

Corrections for deviator stress:

Filter Paper Correction (F.S.)

% Strain

02

2_

Correction, to (== ~<3), kg/cm2
[= (%)/27:«-0.10
03210

Piston Friction Correction.

%4 Strain
0=2

2=l

b6

€-8

8-10

etc.

Correction, % of (<, ~S3)

0

0.5

3.3 Triaxial Testing Program:

3,31 Tests to Establish = @Sa _ 5 0,C.R.

3,311 CIU and CIOU
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A series of one normally consolidated and three overconsolidated
(0.C.R. = 2, &, and 8) isotropically consolidated undrained tests with
pore pressure measurements were performed in order to establish the

initial correction curve i.e. Su@Se vse 0.C.R,
Su @ So

ol CKO-U'E and CK_-CIOU.

To investigate effects of K on the curve above, five samples
were consolidated toSe= €.0 kg/cmz and Sae = 3.0 kg/cmz. One was
sheared in compression di.rectly to give "in situ" Se o All the other
tests were‘ unloaded, undrained, to an isotropic stress condition to
determine Sps directly. One sample was then sheared in compression
to give Swat "perfect" sampling, The remaining samples were rebounded
isotropically toSSe = 1.5, 0.75, and 0.25 kg/c:m2 and sheared undrained

with pore pressure measurenents,

3.32 Tests to Check Established Curve.

To test the reliability for the strength ves overconsolidation
ratio as determined in the first part of the testing program, two
different approaches have been used to induce disturbance and measure

the corresponding undrained strengths.

34321 Cyelie Undrained Testse

A series of cyclic tests with pore pressure measurements and a
slow strain rate (1% pr. hour) were run. Two samples were consolidated
isotropically to Se = 6.0 kg/ cr and sheared by cycling between
compression and extension. Each time the samples crossed the K= | line,

additional excess pore pressure built up, yielding another value of S .
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‘The following shear in compression thén gave the corresponding S, value.
The number of cycles was limited. As&wrs decreased the effect of cycling
_had smaller and smaller effect on AE; because the sample started to
behave more and more overconsolidated. As shear progressed § was
increasing instead of decreasing as it did in the first couple of

cycles,

Three samples were anisotropically "”-"é’-"onsolidated to
e = 640 kg/cm2 and Sy = 3.0 kg/cmz. 0nr= was sheared by cycling
between K'#) and the Kf line while the remaining two where taken into
extension during the cyclic shear. The number of cycles was ],imited_.
As &g decreased the effect of cycling had smaller and smaller effect

on &g because the sample started to behave more and more overconsolidated.

3.322 UU Tests.

Since the most typical test for obtaining undrained shear
strength is an unconsolidated-undrained triaxial test with strain rate.

about ¥ to 1% per min., it seemed sensible to do likewise.

One sample was isotropically consolidated to <Sg= 6.0 ,kg/cmz
and anofher consolidated anisotropically toac= 6.0 kg/cm2 and
e = 20 kg/cmz_. Then both were “sampled" i.e.. dismantled and re-
mounted in the modified cell for residual pore pressure measuremehts.
and sheared, The residual pore pressure was measured again after the
sample was unloaded undrained to isotropic stress. If the ﬂmeasured
was high enough, another cycle of shearing and unloading was done. This
was contimued until the &%gbecame insignificant. Then the sample was

remolded by hand and 2 new E; and Bw measured,
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3.33 Presentation and Discussion of Test Results.

3.331 Isotropically Consolidated Series.

(Consolidation data surmarized in table 4,1-1 and figure
3¢331-1. Strength data swmarized in table 4,1-2 and

figures 3.331-2 and 4.2-1),

The undrained shear strength of samples consolidated iso-

2 —
tropically to €.0 kgfcm is needed for construction for theﬁ

vs log 0.C.R. curve. The following list is a summary of the &w from

the normally consolidated samples in this series.

Test S (kg/cmZ) e;..f_(kg/cmz) %—g/l NaCL g).; wy A.%
CIu-P1 1.695 6.0 282 23 uéto 31:6 14,8
CI0-CyC-E P9  2.04 6.01 40 23 2.6 31.1 146
CIU-CyC-E P10  1.9%4 5.98 324 23 b2 31,1 16.0
TI0-CyC-E P20 1.865 £.06 308 16 38.4 29.9 11.2
Ciu-p21 2,005 6.06 .330 16 38.5 _30.0 9.2

Average ‘9‘“/@;'1,584/5 = o317
/

It is difi‘icglt to explain the large variation in ""‘/-s_g,
(.282 - ,340), BExamination of figure 3.38)Iwill point out a large
disereppancy in A%, at the same consolidation pressures between the samples
with 16 g/1 NaCl and.those with 23 g/ls The foregoing table indicates
however that P20 and P21 have a range of 's"‘/c's—a’ (308 - 330), that
lies entirely within the range obtained with the samples prepared with
23 z/1 NaCl. So the salt content seems to have little effect even

though the water content at failure is quite different.
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The overconsolidated samples are more difficult to evaluate
directly because only one sample was tested at each conselidation
pressure, but they can be compared to each other. Figure 4,221 gives
? = 31.1° and € = 0.08 kg/cmz. Comparing stress-strain characteristics
in figure 3.331-2 we find that the samples behave as expected i.e. with
increasing overconsolidation, Su , ait, and A-factor decrease while

<§5é§5_increases. The peculiarity in the stress-strain curve of
P2 is probably due to improper seating of the piston in the top cap.

The versus 0.C.R. is plotted in figure 3.331-3.

S @ Sew

3.332 Anisotropically Consolidated Test Series.

(Consolidation data summarized in figure 3.332-1 and
table 4,1-3, Strength data in figures 3.332-2 and

B,2-2 and table 4y 1-4).

The following table summarizes undrained shear strength

obtained from normally consolidated samples (K = Ko)e

— 2 =

Test S kg/cmz) She(kg/en™) %r—
CK0-CyC-E P15 1.93 5,99 o322
CK_U-CyC-E P16 2.00 5499 334
Average _s,._-.l_.%i S T «328

The results from CKOU-CyC-PlLP were ndt included in the table
above because the sample was slightly overconsolidated prior to shear

due to a2n error.

The Sw @ﬁ'fs measured by CK_ -U0 P7 is highe however

- te= 1.94/6.09 = ,318 or only about 3% lower thanh from CK U
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tests, Ladd and Varallyay (1965) report that the difference is
102X 5 per cent less than the in situ strength in compression. The
use of 107 reduction would bring Gwﬁg?s down to 1.77 kg/cm2 for

Sic = £.00 kg/cmze

Gps vas established by averaging the effective stress
measured after unloading from KO to K = 1. CKO-'I.J.U_ P7 and CKO—CIOU

P11 - P12 - P13 tests gave a Spsav= 348 kg/cmz (3.60 to 3.22 kg/cmz).

Since there has been done very little investigation into the
overconsolidated range of B.BsCs there is no way of checking the results
from P11 - P12 - P13 except against each other. The E—q plott can be
found in figure 4.2-2. Figure 3.342 summarizes the stress-strain behaviorf

There are no known irregularities in these tests,

With the results of this overconsolidated range available

o

a similar curve - vs 0.C.R. should be possible, Since all
(75 -

these samples have undergone a stress change somewhat similar to actual
sampling it becomes natural to use the "perfect" sampling stress as a

ce point. So S Se Vs %‘ is used. The results are
reference poin YW o « The r r

tabulated below and plotted in figure 3.331-3.

- = Su @S,

Su 3 Srs SO
CK,~-CIOU-P11 «92 25 13.9 .516
CK,-CIOU-P12 1.13 75 N «635
CKO-CIOU-Plj 1.38 1s5 A 776

)
Su®Sps = 1.77 kg/en”
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3333 Cyclic Isotropic Test Series. (Summarized in table 4,1-5).

The S« measured in the first cycle of these tests vgiries
highly (2.0% - 1,865 kg/en”)s It was therefore decided that in order
to have reasonable agreement between the tests regarding the reduction
in strength with disturbance, the initial &, measured wouid serve as
"’“"‘?r"' Since:psis equal toe=e for these isotropic tests no
basic error is involved. Examining the stress-strain plot and the p—q
plots, the effect of disturbance indeed has a similar behavior to that
of overconsolicdation., The only peculiarity discovered in all the cyclic
tests, including the UU tests, is the S shape on the stress-strain curve
of the last cycle (see figures 4.3-9, 4.3-10, 4.3-14). The strength
increases zradually to 5 - 6% and then increases more rapidly before
finally leveling off. No such behavior was observed in the stress-

strain behavior of the overconsolidated samples (P2 figure 3.331-2).

The stress-strain data are summarized in table 4,1-5.

Figures %.2-3 and 4.2% contain the p-q plots. The Su@Sa

Su @Sps

—

ﬁc‘ss_-' relationship is plotted in figure 3.333-1,
E

3,334 Cyelic Anisotropic Test Series. (Stress-strain

characteristics are summarized in figures 4,3-11,

4,3-12, 4.,3-13 and tables 4.1-6 and 4,1-7),

The anisotropically consolidated samples sheared cyclic also
had some variation in the initialSy. S for "perfect™® sampling was
selected as 1.77 I«:g/.::m:2 for all the tests, however. As the stress-
Strain plots show, the & drops as the number of cycles increased‘. The

"yorkharening® phenomena observed in the isotropic test, also occurred
& P
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to the anisotropically consolidated samples, although only for the tests
sheared in eyclic compression-extension. CK,U-CyC P-14 that was sheared
in ecyclic compression, did not exhibit this behavior, At the preseﬁt
time there seems to be no logical explanation. Careful ﬁheck of the
testing equipment and procedure used did not reveal any possibility

for relative movements in the aparatus used for strain measurements

nor any irregularities with the proving rings.

" 34335 UU Remolded test series. (Sfress-strainccurves in figures

4,3-15 and 4,3-16., Stress characteristics are swmarized

in table 4.1-8)

As shearing progressed, < dropped and e Q-q decreased
too. The.behavior was quite similar to the one observed in the much
slower cyclic tests. The range in <xg¢ was increased in the UU tests
by remolding the sample by hand? This was done after additional
shearing failed to reduce €§: + Pore préssure measurements were not
performed during shear. With such a high strain rate (£ =} -1 Z/hr,)
the samples will not equalize the pore pressures fast enough to permit

meaningful data.

3,38 Final Discussion.

3,341 General Results of Testing Pro ram.

The results at an extensive testing program on the behavior
of normally consolidated samples of Boston Blue Clay with a salt content
of 16 g/1 are reported by Ladd and Varallyay (1965). The following

table shows the agreement between the results of these two testing

programs.
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This testing program Ladd & Vérallyay

T S

TI0 0.317 0.285
EK:? 0.328 0.33
CK,-00 | 0.318 0428
CKU - 107 0.297 0,297

The "field" 'strength, Se from ETQ-UP, is in very good agreement.
But both the isotropic and the "perfect" sampling strengths are high,
As- already mentioned earlier in the discussion of the tes results it
was felf that 104 reduction inSu@ '('l-f;ﬁ was a much more representative
figure than Sw @ €ps obtained in CK -UU-P7. Both the range in
and the large differences in ""/&'t between the two testing programs
are hamto explain. There seems to little correlation between "%o
and the relative strengths of the tests. Close examination of the
time allowed for consolidation at the last step reveal that all tests
had 7000 min. or more. The strengths measured do not correlate with

the length of application of the last consolidation pressure.

3,342 Use of Methods to Correct for Disturbance.

Casagrande-Ruthledge, Calhoon, and Schmertmann proposed
methods which basically.involve extrapolation of water content (or & )
vs log W« plot (from 10 data) to the in situ water content (or €e )
to obtain the strength of a "perfect" samples These methods require
reconsolidation of samples with various degrees of disturbance via
CIU, CAU, and oedometer tests. The tesing program for this thesis
was intended only to induce and hc-pefully to predict the effects of

sampling from & hypothetical in situ condition. Therefore none of the
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samples were reconsolidated after the disturbance was induced. So,
unfortunately it is impossible to evaluate these three methods.

Seed, Noorany, and Smith's methods can be evaluated with available

data,

Method No. 1:

The strength of a perfect sample is determined by evaluation

of the following theoretical equation:

Hvorslev's parameters ( Ze and @p) could be determined
for Boston Blue Clay at constant waoter content for different over-
consolidation ratios with CIOU tests. But since it is already
established that the cyclic tests behave overconsolidated as &g drops,
we have direct measurements cfs..,&-"&{‘and =2t constant water content.
Figure 3.3!42-1 show the resulting parameters. The cyclie tests also
provided the needed intformation to estimate If. Figure 3.342-2 shows
If plotted against disturbance as recommended by Seed, Neoorony, and
Smith (1964)e The resulting If from the anisotropic cyclic tests
averages .50 as compared to .22 for CKO-'I'IE—P?g P7, however, .has shown
too high Su Q‘&-‘P" and may warrant some caution in use of results,

Ladd and Varallyay (1965) report an average If from CKO-WC of 0450,

So with use of If = 0.50' a= 07&5 kg/cmz. ?c = 180-I

3,48 * sin 18° & 745 cos 18°

1}

Su Q‘E"p&
1+ (2+(0.50) - 1) sin 18°

= 1.80 kg/en’

which is low compared to CKO-an but agree with<Sa@CK U minus 10%.
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The small difference is probably due to contributing errors in the

determination of the parameters.

Method No. 23

S« vs disturbance i.es ( Eps -y ) is plotted in
figure 3.342-3., The isotropic tests plotted so far to the right on
the figure that any extrapolation back to (Wpe -5 )= 0 is

meaningless.,

The anisotropic tests, however, yielded a better spread in

(Sps - S5 ). sueé‘?‘ averaged 1.81 kgfcn® (ve 1.77 kgfen®
estimated from Se @ CI{OU minus 10%). This method is simple and

seems to give good agreement with other methods,

Method No;3:

Unfortunately none of the tests in this testing program
were reconsolidated after disturbance so there are no data for evaluation

of method no. 3.

Correction of Data from UU Test with Iadd and Lambe's Method.

The simplest way of checking this method is te see how well
the curves of ?;:%%3;

Vs %fcr the different types of disturbance
agree with the curve of%‘-ﬂﬁ—- e '° 0.C.R.

Figure 3.333-1 summarizes the results of the cyclic tests and
the UU tests. The isotropically eonsolidated samples sheared in cyclie
compression extension are the only tests that fall outside of a fairly

narrow band., Close examination of testing procedure and even an additional
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test (CIU-CyC-E P20) did not yield any hints as to reasons behind this

behavior.

As for the rest of the tests they do agree reasonably well
with the experimental curve established by CIU and CIOU tests. It is
reasonable to believe that the $u @ &psused to plot the anisotropically
consolidated samples should be somewhat higher than 1.77 kg/cm2 since
all these samples yield data ploting above the CIOU curve. The general
shape of the curves for the different types of tests is the sarmes however,
This leads one to believe that a sample consolidated anisdtropically and
sheared cyelic in a UU type test would yield enough data to establish
the shape of the curve. Futhermore if the sample was first unloaded
undrained and then sheared,%&ps and Su@®@FJpscould be determined with the
same sample. In this way the methods testing can be reduced greatly.
First only one good sample is needed. OSecondly the time for testing is
cut down considerably. Only pore pressure equalizations fori'f‘and EE-_.
toke time since the sample can be sheared at a strain rate of § - 1%

per min,

Extension of the ladd-Lambe method into the overconsolidated
range would be desireable. Use of the same curve to correct for dis-
turbance in overconsolidated camples can be explained easiest the

following ways

1. Determine the overconsolidation ratio by oedometer tests (as
an example use 0.CeRe = 2),

2. MeasureSg and Swon triaxial size sample in cell similar to that.
one in figure 2.2-1 (say .55 kg/cm2 and 1.20 kg/cm2 respectively)

Jo Estimateéigfrom the equation in section 2.2 (for our example
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use 2,20 kg/em?),

4, Then use portion of curve established as explaned in foregoing
paragraph and the lower scale in figure 3.342-4 (ii*'/éig =
2,20/.55 = b, ®u®@Ty = 1.20 (pt. B), ou @ Sps =
0.8/0x5 * 1,20 = 1460 kg/cm2 (pte A). The ofiginal abscissa
can be ‘used directly however by using 0.C.R. times ﬁ-ﬂ,&,
(i.e. use of 2 4 = 8 on the upper abscissa is synonymus with

4 on lower abscissa).

.35 Effect of Disturbance on Stress-Strain Characteristics.

Disturbed samples always show.a much lower stress-strain
modulus than good undisturbed sample during compression to
reach the same level of stress. This behavior has long been used to
Jjudge the quality of "undisturbed" samples., It was therefore natural
to examine the test data in this testing program the same way with the
possibility in mind of correlating disturbed and undisturbed modulus

in a manner similar to the strength correction.

A close look at figures 3.35;1 and 2 reveal that noe such
possibility is.apparent. All the overconsolidated samples (CKO-CIOU
and CICU's) exhibit a much higher stress-strain moculus than the samples
distuz'-bgd by shear or remolding for the same preshear&_ « Again it is
shown that the results are independent of type of test used to induce
disturbance. Even the isotropically consolidated tests sheared in
cyclic compression and extension follow the general trend. It is
believed that before any futher conclusions are made that a similar

series of test be run where extreme care is taken to achieve the same
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w, 3 S prior to shear. During investigation of the results of this
triaxial program difficulty was experienced in evaluation of time effects
on stress-strain behavior and slight variations in the initial stress

condition.

3,36 Application of Theory on Data from M.I.T. Campus.

For two of the more recent buildings at M.I.T., the Student
Center and the Center for Advanced Engineering Studies, a number of.
"undisturbed™ samples were taken. ‘From each sample an unconsolidated-
undrained (UU) triaxial test was performed. Before shear the effective
stress was determined (at a B factor of one). Since extensive testing
of the remolded Boston Blue Clay has shown that it closely resembles
the natufal BBC it was natural to try to see how the Ladd-Lambe method
would estimate Sw@ €ps . TFigure 3_,36-1 shows the in situ stress
condition Eelow two buildings plus calculated ®ps and measuredeg values,
Tables 4,1-9 and 4.1-10 give the summarized data from these test series.
On figure 3.36-2 the result of the corrected values are compared with
estimated in situ 3w and S« for perfect sampling at these two sites.
The strength estimates ére from Ladd and Luscher (1965) based on several
types of triaxial testing om BBC from M.I.T. campus. The uncorrected
values are all lower than the estimated S for perfect sampling. By
using the curve on figure 30333=1 to correct these data, the results
are much closer to the estimated Se for perfect sampling but still on
the conservative side. The two points falling very high are actually
falling outside of the well defined rangerin figure 3.333-1. The E§3
values, measured on these samples were so low compared with the estimated

Spsthat there should be no difficulty in predicting that these samples
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were badly disturbed before testing.

The discrepancy at higher overconsolidation range may be
attributed to possible error in the estimated S curves. Ladd and
Luscher (1965) point out that the estimated i is taken from samples
consolidated to high pressures and rebound whereas the soil in situ is
believed to have been precompressed by partial drying and therefore

may have lower strengths,

Je 2:2 Final Conclusions.

The general conclusion of this testing program seems to
indicate that the Ladd and Lambe's method works very well for correcting
disturbance on "undisturbed" samples of Boston Blue Clay. The large
number of tests proposed by Ladd and lambe to establish the correction-
curve can be drastically cut by using a sample consolidated to @ie ™Sy,
unloaded undrained, sheared, unloeided again and shear in cycles while
g and Sy is measured for each cycle, (see section 3.342 under
WCorrection of Data from UU Tests with Ladd and Lambe's Method" for

closer discussion of this test).

The investigation of stress-strain behavior points out,
however, that at the precent it is difficult to correct for disturbance

in Youngs Modulus.

3.38 Proposed Future Research.

First of all there should be done some UU cyclic tests
(as proposed in section 3.342) both for normally and overconsolidated

samples with the same soil and the same hypothetical field condition.
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This would serve to extend the proposed method into the overconsolidated

region.

Next step would be to take an "undisturbed" sample of
Boston Blue Clay consolidated it to ®ie »> ®ve 2and shear it the
same way as the tests above, The correction curve established would
be used to correct the UU tests with<&eg measurements of M.I.T. Campus
At the same time it could be &hecked against the curve established on

the remolded samples.

A closer investigation of stress-strain modulus and the
effect of disturbance is warrantedes As mentioned earlier there does

not exist any method for correcting for disturbance.
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Test no  C/O0 - ~P3 wW,% | e 1s,%]| vce]L, em|a,cm? PRESHEAR DURING SHEAR
somw_ NnTIAL SRR .@?Za&as?@o Y>3 LI A Y- te conTROLLED sTRAIN Y sTRess
PROJECTM PRESHEAR (22 7\ oA /oo (/2 782D/ - LSO ppr- 0O 4 RATE . OO0 & ”/uu‘a,
testeD oy ME P DATEM 6o 22  TYPE cELL (LB Foo- LSO upM‘ PATHM@G&?
ALL STRESSES N ';?én‘ PRESHEAR STRESS HISTORY sy T 600 /é'd?/c&z
ELAPSED | AXIAL | 5 -ay B B o @) au @ 3 _ _ _
TIME  |sTRAIN, % | (% - ) N T3 i G1/5; au Sic A g P Or a
=) o /So | /S®B| Loo =) © _— o /-So
083 | 027 YA ﬂ,% ‘02 | .oz LoAas | . oi¥#
78 | . 538 L 2f |/ /. ¥z 22 . bI%2 |.26 /[-SS
7% B .0 YAV 7AW box | . Y2z |/ %%
227 | oY/ o8 | 12./3 | [ ¥z .S73 | -503] /.54
W ZAVIr i lo3 [ 22/ | 2./S| . ¥7 LSb7 | .S | 6z
. Y26 | /3% T8 | 438 | 293 52 . S2 /68
SH /557 .97 253 | .6/ | .53 Y52 Wyl
238 | [ 222 98 |\ 270 | 276 | .52 Y3z -ge/ %ég »
p f 282 | X 52 .Yz | . G92Z [/ o
lo7 | Zos .96 | Jos | M| .Sk HA/ ] o025 /?5 W
L3227 | Z2a3 .99 |3.02  Jas| .5/ .358 /. 0/5] Z.0af]
£385 | 2o7 .78 as | 2/Z | . .382 [/.035| 2015
/. £73 foo [ 32./2 | 3./3 .50 333 |).06S Zo6S
/[ 78 | 2 Z lol/ | 3.2/ 1 3/8 &Y [lo | 2.t
24 | ZZ o/ |3.26 | 323 | . 307|/135| 2135
296 | 229 /o’ | 3.20 27 . ¥7 ol | | 1¥%S 2 /55
278 | X.3/ foZ |3 23 |I.27 | . ¥¥ L 29¥ /. 2.176
309 | 2.% /ozZ| 335 3.37]. <2881 /.18 | 2. Zce
232239 /021 1% | 753 gg 258 .20 | Z 20
o | Z ¥ /oo | 3- ¥ 3. 45| SO . 296 | [2ZS| 7 223
S¥ | 257 .99 7.5/ 385 .S/ L2856 /26 | 725
5281 25% F7 | F.C3 | 3K 53 AW M
4. ﬁ%’ 95| 3. 65 .82 458 )28 | 226 L
. g 97 SA &7 | .53 Wi/ AW s \NCFIZ
72/S5 | 2 .95 | bb | .52 .28/ | [ 30| 2.2,
&S .97 &/ 2 53 2 /- 32| 722
g. ¢S 97 b/ | 275 .53 LR /. 32 | 229
. O0f | 2.66 .z.éz IR .53 287 /. 35| 2. %0
9 : [2e¥ 372 52 . 286 | 1. 381 2.37
0. 263 rAEYTIN V.S %z % /- 3Z (2288
/a8 2.bb .97 -.3{6_37_1 5. ‘282 | ] 33 2320
75| 267 .97 | 3 &Y 3-74;%3 2. _9_:_, 338 2305
/233 | 2.65 97 .3j3 3.7 2 287 | /328 72 3as]
/3651 26¥ 8 | 3.62\3-70 [ .32 .27 /32 | Z. 7o
» CORRECTED For £2F 2L S It A=:‘;:AA‘;" FOR COMPRESSION TESTS REMARKS :
@ au FOR aoy=o A=2Y"2%  fop EXTENSION TESTS

AaG- AT,



CONSOLIDATED - UNDRAINED TRIAXIAL TEST - DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

TesT No. XL - L [w,% [ e [s,%] vice|L,cm[a,om2 PRESHEAR DURING SHEAR
so. ABovoleAee) SFBE wraL 2SI 90%3-«/0-/ s 7¥ conTroLLED sTRAN & sTRESS
PROJECT&L&L.E?‘C_ PRESHEAR |27, &) loc 09772/ 55c=—'7—L P.P.R.=m RATE__+ OO0 6 ’,’W"'
TESTED BY %,‘7 DATE ‘3 Ay Gg= 2 727 Tvee ceLL - K- Tae e 7’( ug® 3.00 pATH_Qﬂc%HIheC?//M?
ALL STRESSES IN ’2‘74""? PRESHEAR STRESS HISTORY Sz T b.0O lat\\'/c-uc“
ELAPSED | AXIAL m| (& - &) B B o @) au @ - _ _ _
TiME  |sTRAN, % | (- ) | T & % 01 /% au 3¢ A q s or %
o c 7¥ |. 7Y [ Fee | © — o |.7¥
. 032 | 076 - e? |-27 | [N | .06 272 |.039 | .23
oy 274 .Zé? L’ | . X . A7 SZ | . /3¥ | 7
129 73 S3 od | Yo | .27 Y6 | . 237,767
195 | . L/2 $¥7 (/16237 | .28 <3 Sob | . 77
26 | 2 ¥7 | L 2¥¢ 27| .28 Y/ |.3¥6| . 57%
3z | 767 S7 1 L 3E | 263 .28 .37 3289 ¥7
ST o VT an v i s S
. L2 (- AWA-T;
8 /73 S/ L2522/ | . Z¥ L Z/ ngﬁ §
97 | /.22 S3 |/ LF | 3 30| .22 /S | . Llo| 4. /# :
[.13 .30 52 LT? 3.9 .22 A7 YAYAWA/ |
-3¢ | /39 SE 707 537| /17 /2 /17
- Y6 br | 2./3 3£ | /¥ o9 /. %g
.63 | /£ S/ 62 2.2z | B Y3 .13 o056 |. ZS¥ 127
1.95 1 /.57 LS | 2.9 [ 3.¥3 /o . 063 /. ¥
227, 7 70 KXZ AW-X 4 oz AxIWAxy
260 | /- 27 72 | 2Y9 | 3% | . o3 .07 3 /éo
2.92 7312857 .52 oz .on . 917/ &S
308 |/ .73 | 257 3.65 .oz .Clo] . [ L&
oAl R i R
% .78 . | 385 — O - . L
Y87 702 .77 | 2 % 3 —-. 0z —.olo| [0/ [ 7F
£S5z 2.08 B (287 T 87]—c6 -027 | [-6¥ | /.58
b l7 | 2.1 . , &S |—. 66 -.029| 107 | /.
b6.82 | 2.22 . 505 3.% - &b —oz8| [/ | .92
Z¥2 1 22/ . &/ oz _5L -. 06 -.027| J/0 1«%
K/ | 2.25 &/ oxX .73 —. 06 - 027 L1 | /.Y
& g 4 . goz 5 /3 - —036| /./3 /,gé
I | 227 M| 37 |—.0f -.03S| L/¥ | /.
%55y S5 I =5 S AW Y
.36 | . , - - - .
Loz L3 %z 5;27 Ay =i ons /’/f: 797
P4 . 3. ) . O .
/3.3) A-3 LS | 3./3 1,:?-4:& - O35 [ IS [/ 73
0 CORRECTED For _$2F. o Fr S, () A=fi_C FOR COMPRESSION TESTS REMARKS :

@) au FOR a03=0 A= 20— a0, FOR EXTENSION TESTS



CONSOLIDATED - UNDRAINED TRIAXIAL TEST -

DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY
TEST%"’ W,% | e |5,%] Vec|L,em|a,cm? PRESHEAR DURING _ SHEAR
soIL by L INITIAL Z.f (/72| (00 | S08\ 8000/ e Wi s conTROLLED sTRAIN &7 sTress
a2 .
pROVECT Lo I s o PRESHEAR 6\925\os 709 2.22\9-7 E,c=;72/__ per-_[OO % RaTE__» @00 & Jfrw'<
resteo ov ML DATE_M _Z__L__ rvee ceLL Eo A . 7¥ S A7 PATH HHG/'G/""?CJ
ALL STRESSES IN /:%"( PRESHEAR STRESS HISTORY St ¥ & .o ‘i?/cu—z < fdne &
74 *
N
ELAPSED | AxiaL | _ | (5,-&y) ~ _ o @ | au® (1 _ ~ _
TIME  |sTRAN, % | (01 "% | T o % 5 /% au B¢ A g P or %
L
/3.32 | 23/ . &3 3.7 3. -.c8 - o35/ /S | /T8
[2.97 | 2.34, L3 [ 3/F 3.8% |—.o08 - o3¥| /18 | /78
/Y47 |2 3¢ .88 3.2z |\ 3.6L£|-./3 —oS6| /.17 | 7S
o
=]
"
L3
0 CORRECTED rorR JPK A £.5. ) A=% FOR COMPRESSION TESTS REMARKS :
@ au FOR a0y=o0 A=2U"2%  por EXTENSION TESTS

A0- AG



CONSOLIDATED - UNDRAINED TRIAXIAL TEST - DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

TEST NO. - —_—’ p [W,% e S, % | V,ee |l L,em A,cm2 PRESHEAR DURING SHEAR
so”_gwo/ﬂ/og‘ Lo INITIAL 2 O/ TS K0F K00 /0! 5es S 78 e CONTROLLED STRAIN &7 STRESS
srovecT LYY Bescorc e presrEAr (T2 7\ R foo (703|707 179S] G300 ppr-_ S % RATE owi‘/““"'
resteo oy MELL DATE 1/7 68 6 - 2727 TYPE cELL &AL Tac* S 98 ug = SLow PATHﬂ"d'ﬁf’”c‘/
ALL STRESSES IN /iféoﬁ‘ PRESHEAR STRESS HISTORY Q”/;Sc7/’9,p/‘c conso /e //b'-r Yy /‘“"/’"S‘
S eSS v
ELAPSED | AXIAL w| (545, _ @ | au® @
TIME  |sTRAIN, % | (91 - T3) %, o Y 51 /% su T A g P o %
o [298 308 | S .00 | © - $47 ¥ ¥47
o | 235 328 | S.&63 /.72 | —.2§8 - Y3/ | /8 |4 Y6
o 46 | 267 | 488 /.3 [-.-69 L3725 | - Y27
- 007 .83/ | 8.73 | 42 /¥ [ =73 296 | -2 Y06
038 .//3 | 3.76 | 3 /.03 |~ 70 L2422 .aSb| 376
0728 —086| 3.68 | 3.5 .97 |- .68 228 | —.0¥% 3
‘Al ocrcd v
- 078 .0&8 | 3.50 | 357 loZ f% 2.6¥ | .03¥ 353
-078| .63 230 | 3.93 /771 "3 .bo¥ | ¥ 3.6/ .
TO78 | /. S? | 2.89 | ¥ L. S¥ | . ¢/ Yl 24 3.67 o
ro78 | 230 265 | 49 &7\ /. 3Z .873| /75 | 3.40 S
./ﬁé’ 337 238 | A&7 Z)‘-?, /. ¥¥ 27| /69 | Y07
298 | 372 | 226 | 597 265 | /.SS %g /.86 | ¥ /z
. S¥ 387 2/8 | Loz 2850 7/ 2 | [ 88| o
/. /=2 % | Zoo /4 2. . “87 1 /. 4
,S¥ 7 L S¥ 296 | /. 837 /76| 3-7/
Z2.¥Y3 S7 L7/ | 522 g £.09 5925 /72 | 3. ¥7
37 | 3¥2 /ST | S.02 / 2./b .&30| /6 2-37
377 | 33L /.52 | ¥ & 3.2/ 2.2 .658 /.66 3.20
AR ETAVA /AR, 26 773 5, AW AR
S2¥| 328 /S . 73 .2 | 2.3/ 20¥% 1 [ 63| 09
é. 26 | /£37 | & ‘Eg 2.35 .22 | /- 59| Z o0
£95 | 3.17 [ £33 | &5 3 Z 784/ S7 | 292
Z 67| 3/F | /2 ng 3435 | 7239 762 |/ S7 | Z 86
G Gy | J27 3 15 AV AB X
hd 0 - - . v ° - - .
/0372 3 06| /27 .33 . Y z Y 7| /53 Z;B
/oS | Zoz| L2 | 4328 3¥ | 272 1.8/ | 2. 77
1 CORRECTED FOR @ A=:;,:2OU:: FOR COMPRESSION TESTS REMARKS :
@ au FOR a03=0 A=28Z2%  pog EXTENSION TESTS

AG- AT



CONSOLIDATED - UNDRAINED TRIAXIAL TEST - DATA SUMMARY SHEET

rs / Ce:ic /e SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY
TESTW W,% | e |S,%]| V,ec|L,cm|A,cm? PRESHEAR DURING  SHEAR
soIL p (= [ INITIAL ?{?A 9% M_ﬁg y/ & " b.ao te= CONTROLLED STRAIN v stress
ProvecT_Lsar oy Serence PRESHEAR 4F/ / |. £8.517 627 .00 5. b0 ppr:-_ PSS % rare__bob T ewm
resteo s M2 DATE ‘L/?S es Gg = £2, Tvee cELL GEOmer Trac=__é_&£__ u,=_4L°_¢_ PATH%(_L/:'Q_MM_V
ALL STRESSES IN "(;?é"" PRESHEAR STRESS HISTORY PA (4« ‘ca lt . .00 fy/c“‘ @xfcousion
I
ELAPSED | AXIAL | _ _ | (5 -3y - ~ o @ au ? - @ _ _ _
TIME  |sTRAN, % | ‘&0 | TE " @ /% sy Tic A d P % %a
o .o/ b.oo | bor | /.00 o o |.eos | L.oo
.o/ | . /7 boo | b.47 | L o3 o o 07 | 6.0F
.03 - 63 59 L2 /. 1 L2/ .35 | .32 | L.t/
.07 | 2.07 $ 9 | Zoo | LY3S | [oF .SZ | /o5 | £F6
A7 | 2.87 ¥.¥2 | 7729 | /LS | 5.5: S5 | /- ¥¥ | S 86
L2S | 3.25 Yo Z.a:;; [.20 | /.97 . S9 | /. 65|58.7
.¥Z | 3.63 J.5, 4 2038 FE Y .68 /- X S.37
.58 | 377 28 | QoS | Z/S | 272 irZ W2 S.2% |
;% 3 8§ ,; ;g £6 | Z.30 3.0; .78 | /. 9# %?;’ o
v 0y . . y , . . .
1/¥ 13 P Z 66 géz 2 % 3 % VA g:' Yef [
oo T 2525 5l RS AL s
ol 233 | 6. 4 o/ 3
/93| Yo3 220 | £Z3 | 283 | 280 T¥ | Zox | ¥ 22
208 | H o/ 217 | b8 ([ 28S | 3. £3 % Zo/ | Yr8
ZY¥ | 4oS Zo¥ | 4. 2 P9 o3 | Yo7
2.66 gos Z.00 2% §.os 00 7 | 2 .o
3.0# (2] /[ | 597 | 3./¥ | Yo? /oo | Z 395
3/ | 3 82 /9K |52 | 297 z.oé [ o8 /)9 | 385
2./ | 237 /.95 | 5.32 | 2.73 | ¥4o% /.49 | 3.6¥
3l | 2.75 2oS | ¥ g0 | K. 395 £ 38 | 3.43
Jo7 | 242 oS | Y .37 | 3. /. 38| 3. Yo
30¥ [ 2.47 2./ 22| 203 3 &8 /09| 3.20
£97 | /- S§ 226 | 385/ \/.67 | 2.7 .78 [ 3.0
287 | fo¥ 238 | 239 /4 |2 68 &2 | 287
268 .37 }% 2.76 | (/6 | 3- & SP? | 2.5
2.69 | 26 -3 R o Hhl | 3.66 I3 | 2 Y7
2 S7—. 2/ . _;% . . -l | 2Y
L 29| ~. 38 £.56 4 . 3 -9 | 2.37
£/ | -.S0 2S5¥  Zo¥| .8/ | 3% -.25| 2.2
/-98 |- . LR 29| /.87 78 | 357 -3 | 2./8
[ 30|~ 72 £- 7;’ [723 | .72/ | 3.SE -.3 | 209
/ /6 - 93 2.5 66| . 6¥ | 3 Y - %7 | 2.)2
. F¥ |-/o? LS¥| /9 .S7 | 3% -.8S| /.99
59 -135 2 5F | L2 YT 3 Y —47] /P2
n . T . () A=S2Zo% M : e ! o~ -
CORRECTED ForR A2 2 VX3 A= So—ao- FOR COMPRESSION TESTS REMARKS ? /Z C - S‘__)

>

2) au FOR ao03=0 FOR EXTENSION TESTS



Arrs?# 2 /e

CONSOLIDATED - UNDRAINED

TRIAXIAL TEST -

DATA SUMMARY SHEET

"801

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY
TEST NO. AU ~Coy C-£52 D W,% | e |S,%] Viee| L,em|A,cm? PRE SHEAR DURING SHEAR
soIL sov, INTIAL |47 £ [ Zee| 8.3 80 F|8.00 Jp.17 5. .00 tes CONTROLLED sTRAIN __ ¥~ STRESS
— . oy
prosECT LRl Teremce PRESHEAR |34/ .86/ /p0 |68.81742 T 5 b.oe  ppr-_ TS5 % rate__ bo& ™ ém
resteo o M oare Vo= s 6 L 77 __  1vee ceLLCoEm ROl - b0 - 3ee PATH%E&LMM
ALL STRESSES IN A?éw‘ PRESHEAR STRESS HISTORY o -t CX TS o
ELAPSED | AxiaL | _ _ | (5 -&yp i _ o @ | au® ) @ B ~ ~
TIME  |sTRaN, % | ‘R | TE o o ‘a @/ ad Fic A a P r %a
.3/ | -/57 Zie 115 |- ¥3 | 3.3¥ -7 |/ Po
A7 =168 273 |/o& | - Yo | 327 - 43 | /G0
-57 |-/.92 2.8 .92 | 32 | 3/6_ -.96 | /. 58
- 727 ~-(.857 255 | .98 38 | 3.¥s = /-7&
1
au=ad
w CORRECTED FOR @ A= g FOR COMPRESSION TESTS REMARKS: (%) ? /A (éa _a_'_)
AU~ AGy

(2) au FOR ao03=0

FOR EXTENSION TESTS



Seco nq/ {7/e/c

—

CONSOLIDATED - UNDRAINED

SOIL MECHANICS LABORATORY,

TRIAXIAL TEST -

DEPT. OF CIVIL ENGINEERING,

DATA SUMMARY SHEET

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

TESTW % | e | S,%| Viec|L,cm|A,cm? PRESHEAR DURING  SHEAR
SOIL AZE rev, LBLC wnTaL 92 6|/ 20983 Seollay 5, b.oco fos CONTROLLED STRAIN %7 STRESS
PROJECT:Q’%é Tessire e PRESHEAR [3/./ |.&4{\/oo 7-6217 o0 6,c=_.@_ prrR-_ DS % ratE 606 il 7P
TesTeD oy WA oare 23 b5~ 6y 27 vee ceLL Ceome G ~9-7- w-_Z oo PATH 2'7‘:&5‘ CcowmpresSioy
ALL STRESSES IN 7/(*‘ PRESHEAR STRESS HISTORYAQKM_%_QLS . Yo b.co “;f/c"" — extension
ELAPSED | AXIAL | _ _ | (5 - &) _ _ o @ | 2w ® \(,3) ¢/} _ _ ~
TIME  |sTRaw, % | (@O | —F— L @ a/5¢ au T A g P s %
-852 |—.78 1.92 | /77 | . &f | Y08 -2 |1l.t6
.o¥ | .o/ 62| LE3| L0/ o - .co8| 1.3
.23 | . 3¢ (37 | /.73 | L.2¥ | .23 68 A7 1 L.Se
38 | .§7 /26 | /- 83| J¥€] 36 63| 29| |.5%
L7¥ | 77 o8 | 2as | /Fo | - S¥ -S7 | Y8 | ISk
117 | /38 loo | 238 | 232 | &= s 7 | AT
/S7 | /.70 G7 (267 275 | &S . 28 .8SC | |1.82
ZLoo | Zo7 T7 ([ Jo¥| 34| &S 31 | {.o¥] 201
2.5% | Z.87 Lo¥ A 3.47 % .23 | .29 2.33 >
2.2z | 307 . /3 (20 | 3.72 | . 16 | || S¥| 2.6 Q
413 | 3.43 [23 | ¥ee6| 3.7?2 | .39 172 2.5 ¥
47¢ | 3. 67 23 | 492| Yoo | .37 | 1L.gC] 3 08
23 | 3 &2 30 | & /12 | 39 | .37 o83 1.9/ | 3.2¢
220 | 387 132 | 5/9 | B9 | .30 .078 | 1.9% | 3.2k
729% | 296 /32 | 528 | 4 .30 .076] 198 | 3.3¢
K20 | 396 /37 533 3.&% .28 .03 | 198 | 3.3%
£261.2/9 ,33| 452 3% | .29 o9/ 1&0] 293
B L8 | Z.o /So | 3.82 298| /2 oz | 2.82
8.8/ [ /33 /53 Z% /87 . o2 bte | 2/7
L/0 | .¥43 LY¥S | /. /3 Wi .22 | ]-€7
793 |~. 20 /£ | /- 30 7 | /= - 10 | /- ¥
£.66 | ~. YO 12¥ | . & L2 | .33 -.20]| /.O9
6.37 |-. SO yFi /4 -6:9 .Y/ -. 25| .9¢&
3. 60! -.52 /22 ?1 &2 | Yo - 30| -9z
&, 06 [~ 67 /18 | . LF | ¥z | Yo -3¢ . 8¥%
432 |~ 8/ 718 | 37| .3/ | .4 ~. Y| .78
wcorrecTeD For P F ¢ F..S. I A=—::,a+§:.;:- FOR COMPRESSION TESTS REMARKStL“)

(2) au FOR ao03-=0

_ AU-AG
AG- AT,

FOR EXTENSION TESTS

1 L] '/z (é-—q. "%r')



TEST ;%Z(zz - Cﬁ’ Z’. fi
soiL L&y

CONSOLIDATED - UNDRAINED

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING,

TRIAXIAL TEST -

e S,% | V,cc I L,cm

A,cm2

INITIAL

¥4.0\/ 2090.9809| Poc

DATA SUMMARY SHEET

PRESHEAR

/1o.41 Fe" _6.00 1=

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DURING

CONTROLLED STRAIN ¥

rrosecTr oo Sy erve. e PRESHEAR |S/.7 |, M?“ 906 5. 6:06 oo, VS o PSS rate _ Ob nide 2o
TESTED BYWDATEM Gg = 2.77 TYPE CELLE=@ el Tac® _é co ug* Soo PATH Cacfle’o&Pf‘Of"ﬂﬂ
ALL STRESSES IN é’é"z PRESHEAR STRESS HISTORY .08 h/@ﬂn illddadtd
ELAPSED | AXIAL | _ _ wl (5, - &) _ _ o @ | au® ) (v) ) ~ - 2
TIME  |sTRaN, % | ‘W% | TE > @ & au %ic A 4 P o Ja rela-five
Yoz |~ Yo 7 | .87 |.87 | —4S ~20| .77 s
¥75 | .13 - 63 | .76 L2/ | .08 LO06 | .69 /8
W/ .32 -¥3 | .78 /eZé . &3 72 26 .59 . Y7
A3 . AS | fo/s | 238 . 7 2P| .73 .67
Seo | 8L .38 | f20 | 3./ | .33 -3/ /A, .93
3. L O K A 2.6/ .32 /¥ S/ - 9o /-3/
. _%i;; $/ | /92 | 3727 | .20 o5S ;%zé /- 28 2N
L% 4 < %1;{39 &? /6 IS Xy 75 // A §7;
. 2.37 % . A E2 . 09 -~ o3| : . .3
;RS' L. P ) Y| &7 ~-.09 - 073| /Y7 2.27 Y28
/o2 | 3.9 .96 | Yo | #SE| -.28 —.o0%| /22| 2&8 483
/) /o 358 O3 | 49| #YS| ~.32 ~. 09 /.2% 2.8/ 6.Y3
/. %0 3.70 LO¥ | ¥7¥ %4Se|(-. 23 -/0¥ | /. 2.89 y 4
(2.2¢ Z-73 l /o | 4£3] 438 —.39 —No | L E7| 297 7~S3
/2% 3.8/ (/3 | HAFY| 437 - Y=z =17 | /L9 | Zo¥f £.2/
/345 3 ¥ 217 | S0l 428 | — shS - /23| /IR | 309 895
/Yoa 3.25 l/E | 93| /8 . Y6 —~/32| /87 | 305 9.3/
/S oc 3.88 /22| S fo| Y4/8 | - S =7 /. F¥| 3./6 /o-3
/S.07 3./6 L RS | LY | 383 - S¥ /- S8 283 lo0.%
1489 /LY /.3 .3.02_2%?——. 67 SR Z.20
€| / /¥ AR 1 282 | /.83 —. 67 -S7| L FS
s | .6/ /3! | /92] L¥E]|- 6o .30 | /.&/
(42 Ss3 [tz | L &S| L Y7 | — H . 26 | /-%8
/3.2 1 - 30 /o8| 7P| -72[-.3) -/5| .53
/20 |—. ¥3 F6 | . S3| S8 |-.2¢8 —R2 | .72¥
/1.8 |-.82 IR S¥| Y6 - 28 -26| .70
/0.8 |-.52 F2| . 3¥| .37 [-.23 -2 63
10./ (- LY PR | .28 30 |-.-2Z3 --32| .bo
2?85 -~ 7, Ie | /| .28 |-.23 - 35| .87
4 [ | .23 | .22 |-.30 -39 | 62
78 = 87 /o3| /6 | ./5 -.3=2 ~¥¥| . S¥
S Vo LA AR R . Ay
YLl ~/22 [36] /¥ | /0 |- &5 -. &/ };
L XyAR ) L3 .30 36 | —. /2 -27 .
 CORRECTED For 42K~ () A:=="2% FOR COMPRESSION TESTS REMARKS: (%) ; s % (Sa- ’51)

@) au FOR ag3=0

>

FOR EXTENSION TESTS

Q1L



/Z'p'“,/é C('7c/c

SOliL mo/

(ad

orovEcT Lr o Sy cerce

TESTED BYMDATEM

CONSOLIDATED - UNDRAINED TRIAXIAL TEST -

SOIL MECHANICS LABORATORY,

TEST NO CE’CVE -£ /09

DEPT. OF CIVIL ENGINEERING,

W, % e S, % | V,ecc | L,cm

A,cm? PRESHEAR

INITIAL /20

0.9 \8.00

X E,C=__ém_ 1

PRESHEAR oI /1947 |foo (68.517.62

L)
__’?;7_7—_ TYPE CELL

4

Foe 633=__é-_L PPR.= %

DATA SUMMARY SHEET
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(-72% | 3 L¥ 22 | S & | Z6¥ 388 fesk| [ ER | Yox
2/8 268 Zoo | 5.8 783 [Hob LUR | [SZ8 | Z£28
292 | 3.70 [ FZ| B .83 302 |23 7/92  /
3.60 | 2.73 (70 |5 ¥2| 83.20 | 436 /167 | fS5ES| 3 -
Yo& | 3.73 17/ | 5. %4 278 43S L/F2 /58| 257D
¥ /2 | 3.30 1. 15.¢/ /- 6Y | 236
3.97 | 1.8¥ /925 3277 .72 [ 2.88
336 | o0F 202 | 2.0/ C¥S | 2cé
L27 |- Zb zoo | /[ /¥ - Y51/.857
/.87 -~/ 0& FAXIVA-Y4 -3 /- &/
wcorrecTeD For A2 @) AsTo=2 FOR COMPRESSION TESTS remarks: (3 ? s o (S —&-,.)
@ au FOR a0y =0 A=24"8%  op EXTENSION TESTS

AG- A0,



o

a? QCQ CONSOLIDATED - UNDRAINED TRIAXIAL TEST - DATA SUMMARY SHEET
SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

TEST No. C/¢/ = £ (#) W% | e | s, %] V,cc|L,cm|A,cm2 PRESHEAR DURING SHEAR
soIL 167/ Macl | nminc Jﬁﬁ'[o@ (oo fo.08 s - bo6 . ¢ stress

CONTROLLED STRAIN

ov c” c ———— .
PROJECTM PrREsHEAR | I6. 7. F4% foe 5/.16’7 0|7 Fgc=~éié— PﬁRF@ rate__ & 00 .07 mnr/c“
testeo oy VELZ oare /RZ L6 6 P77 tyee cELL (xsrer Tac* r

6 .06 ug = Soz PATH ’ Gé, LSl —
z :\;? 7
ALL STRESSES IN ?/6‘*4 PRESHEAR STRESS HISTORY / . . /& ExFoirsic «

ELAPSED | AXIAL w| (&, - &) ~ - o @ au ® (3 ¥ _ _ -
Tive  |sTRam, % | @90 | TE o Y W au L A q( / P 5 %
/. S70|. 003 ASs7 (/.87 |Jeo | O - XSV AYi
[ 376 .28/ 33 | /. &f (L2 | . 2¥ ES5Z | /¥ | LD
/-S| 306 [32 | [ 63 | /.28 | -2 L7 | /83| L7
i .¥27 [ 287 SJEF | L 3% | -3/ 225 | . 2/3 | /. %6
[ LST | 26 /.20 | [723 |/ ¥¥4] .37 20z | .26 | [ Y
172 | .L2S (/S | L78 | /.85 | . ¥3 &87 | .3/ | /Y
[ ¥ | 278 los |/ F2 /76 | . SZ LeF| 237 | [ #¥
/.97 |. Z=§ TFE LY | /95| .87 L35 | ¥ | J S
2/4 | Lok P 203 | 2./ .62 S76 | . S¥ | /SP -
228 (/.20 PS8 | 2 /8 1 226 | . &2 S/6 | .o _| /.S re
2.6 /gq;s Y | 294 28| -6 ¥32 | 765 | /78 g
Za8 | LU Q3 I &Y | 306 | £¥ . 23%#| 985 /588
2 SHK| 233 F¥ | 327 |3.¥45 | .57 253 | 7768 2. /08
Ho¥| Zo0¥ /o5 | ¥o?|.3F0 | - S2 Y | fS5X | 257
“e7| 3. /o [ /S |28 370 | .= /38| LSS | 270
A 20| 322 /. /7 | ¥ .78 | . Yo (2L [ &1 | 2.78 |
3521332/ (-2 | ¥ 521373 | .36 ./o&lgms
6.2 | 2. A4S /.30 [ #7253 66] .37 fo7 |/ 725 | Zoz N
72 | 252 L 27 | ¥77 | 375 | .30 086 /.75 | Joz
oL 3.56 /.28 (4 &/ | 2855 .32 o%0| /78 | Io3
2.7271 3.-57 /- 3/ (P00 | 3.2% | .26 100 | 725 X/cs”
. 6¥ 3 | 4P 3.78 36 0?7 |/ EZ | 3./3
363 32 | 42 3.75| . 35 0?7 |/ 85| 37
2?2 6 /. 32 | 478 723 | Zox
827 | 247 /- Y| 4.9Z (233 | 2.685
LA ~.2) /17 | Lo/ — /8| /17
L6d | = % /-2Z | . 74 -2z | .95
K83 |~ 23 /-2¥ | . Y7 - 378 | . 7¥
493 -~ Z¥ | .45 -39y . &¥
 CORRECTED FOR __AZA_ @) Axgo2T FOR COMPRESSION TESTS REMARKS: (4) ‘? . //z (S - @7)
@ au FOR 4&0G;=0 A=2Y"2%  for EXTENSION TESTS

AG-AC



j""/éjc/c.

TE8T NO. AU =L - £E£ o

CONSOLIDATED - UNDRAINED TRIAXIAL TEST -

SOIL MECHANICS LABORATORY,

DEPT. OF CIVIL ENGINEERING,

DATA SUMMARY SHEET

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

W,% | e |5s,%]| viec|L,em[a,cm? PRESHEAR DURING _ SHEAR
soiL cC | inTiaL ,e#fgajéo SH & co/a Ge=- bob CONTROLLED STRAIN / STRESS
PrOVECIER Y Bevemee PRESHEAR (A 7| BW: loo (A2 70 ?/" _6 cé6 PPR.: % RATE HOO.O/ ‘m%"
testeo o _/MELZ  onte P25 bbe Gy 2-22 TYPE CELL £OCDMar 6.06 362 PATH < /i e PreS#c
ALL STRESSES IN /et PRESHEAR STRESS HlstY‘,Z&ML'Lé_Qé /{7/ exfonsrown
7
ELAPSED | AXIAL | | (& -5, _ _ _ @ | au® @ _ _ _
TIME | sTRAN, % | (&~ %) B s i G /% ou Sic A a P o %
S/l0 | ook S¥| . S5¥ | feo | © — ooz |.S¥
S/ . ors 22 | ¥ | foE |~ /8 ~-/2¢ |.0075 | . 78
S/ | Lo .20 | .S0 | [t |- /¢ ~/éo | .08 | .75
S./43 22 .60 7 £ 37 [— 06 =225 | ./ . 77
S.36 .33 .¥6 | .7 L&6P | ¢ 08 rZR . [6& |. 625
S L¥ | A4S Vg PP | Zoz |4 /0 $.222 | 225 |. 66S
Z3¥% | L25 . /-7/ 1 372 £ 0 +. 0L¥| . 625 |/ 68
96 | [ 28 H71 /75 1 3.7Z2 |y 07 £ OSS| . ¥ | /. /7
g% | L7 8§57 1230 | 3H |-.08 -0 . 558 | [ Y¥S y
(0.67 295 82 | 320 | Yoz |- 37 - /3 | L2¥ | 276 i
7/ S3 Zok P | 3L6 | H2¢ - - /25 | /Y75 | 2358 o
/220 | 220 9S 397 | 4/8 - ¥ - / 4S8/ | ZYe
27| 227 o3 | 473 | ¥/z |~ S¥ -/S3 |/ 6o | Za3
/(3.52| 2% o8 | Y437 | Yok |- 70 /¥ ] ¢S 2725
/S 60| 356 LZ¥ | Y ¥, | 3K |- &8 - 206 | )70 | 2F¥
/5.82 .Lss £2Z | & 77| 39/ |- 7% = /F2| [ 778 | 2995
/5. 90 (28 | HES | 378 | —-7F — 2081 ). 725 | Z oSy
/5. % 3 ss‘ /28 | Y52 | 3.7 | — W -.202 )70 | B8
1 CORRECTED For _ A2/ @ A=:;:§§: FOR COMPRESSION TESTS RE MARKS :
2) Au FOR a03=o0 _ AU~ AG

AG- AC,

FOR EXTENSION TESTS



TEsT Nno €0V = P2/

CONSOCLIDATED - UNDRAINED TRIAXIAL TEST -

SOIL MECHANICS LABORATORY,

DEPT. OF CIVIL ENGINEERING,

DATA SUMMARY SHEET

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

W,% | e [5S,%] V,ee|L,em|A,cm? PRESHEAR DURING SHEAR
soiL (- nTiaL  (I8S|/ /0 |9.8\72 /|2 5% /0 28 CACTI ~9 - Y S CONTROLLED STRAIN b STRESS
PrOVECT e b Serence prestEAr |(F0.0|. @F|/oo 67.0|7¥29.03 7 b.0k prr-_l00 % RATE _+ 00O Y “Vonere
resten oy VLT DATE_%&G_L 6y 77 Tvpe ceLL_MA/ET G b.0Ol6 - 3.0 earh_ Loaclrvg
ALL STRESSES IN_/?}/M‘* PRESHEAR STRESS HisTorY £=2 Yo /S A:'Auﬁ" -0 318, .75, 1.5, 85,606 </
ELAPSED | AXIAL | _  _ w| (5 -5y _ _ o @) au @ - _ _ _
TIME  |sTRAN, % | (F1 03! o % o %/% au Tic A a P o %a
&:13 ) _Q ) 6.0 | b.OL | I-00 °© ° - ) .06
o8 | .22 % | L2/ | .21 | oS .3 o2/ | . Y7 | .1¥ | b.07
o | ¢ | .073 | £92 | £. 36| /.08 | .J¥ | .oz3 | . 2x | -22 | &I¥
22 .75 | 12% | 8722 | 64?2 | /.73 | .8Y | .ase | .45 | .38 ¢&.t0
39 | .87 |.13¢ | 543 | LYY | /) 1¥ | 43 | 07 | S3 | . 0¥
) 85 | 1% | 8./ . /- /6 | . &S5 | /o7 | .77 . Y3 | S &Y
MY | )49 | 244 | K45 | £.L3] /.29 .97 | [So | X | . 7¥ | 559
M7 | /.69 | . 279 | ¥87| bSL| /35 (.79 | /27| -7/ L2 | & 92
S2 | 2.48| Yo | Y52 | T eo| /. So| / SY¥| Z5¥| .62 | 1.2%] 576 -
56 | 2.70 | . ¥ Y35 7.o8 /a2 | 72/ | 8B ¥ | /.35 | & 70 -
672 | Slo| 522 | 3.8F| 7os |/ 8/ | 2172 | 3R®| b9 | /55| K547 ™
Fos | 3.22 | . 532 | 3. 82| 709 | /25| 2./9 36/ 68 | 1.6/ | S5¥8
87 | 3.5/ | 580|339 | 690 | 20o¥ | 2.7 | 442 .26 | /.76 | S /s
118 | 3L8| . bo? | 3.07 | 6.2 | 220 | 300 | 425 .82 | /. &¥| ¥
1.3/ | 3.72]. 287 | 659 230 | 2./17 | . K26| .8 /. 24| 473
/Sy | 377 | 622 | 2.5¥| 6.3/ | 248 | S ¥0 | s562| Fo| /. 89 | ¥.¥a
/-73 | 3.8 . &30 2% | 6L.23 | 259 3.52| .58 | 9| 1.9/ | ¥3z2
RIF | 8. 8Y| 633 | 228 (6.12 | 2.68 [ 3.28 | . .92 | /92 | Y20
276 | 2.95 . &8 .09 | Loy | 2.89| 3.9 £ | Lot | /. P8 | Yo7
3.6% | 3.97| LS50 | /.89 | S8 | 3./70 | ¥£77 8% /oS | /.99 | 2. 88
“4.¥ST Yor| ¢ 777 45_7& 3.27| %29  7209| /.07 | Zoos| 3.785
HTE | Yor | ol | /.57 | &0 | 3.37 | 435 . 2/6 | [.08 | Zoos| 3.7
SEZ | Ko/ | . eht | /.68 | Ke9 | 3.38 ‘;ﬂ e8| /. /0 | Peos| 3.69
| A§: 26| & Y5 | Yoo | bLho | /.66 | Sé6 | 3 ¥ ‘Yo | .7264| /.10 | 200 | 3.66
» CORRECTED For &2 E . ) A=:;'a:—§$ FOR COMPRESSION TESTS REMARKS :
@ au FOR a03:=0 aA=2U0%

a0-aq, FOR EXTENSION TESTS



CONSOLIDATED - UNDRAINED TRIAXIAL TEST - DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

TesT no_C UL — 2] W.% | e |S.% ] V,cc|L,cm|A,cm? PRE SHEAR DURING SHEAR
smWM‘ WaCl it |39/ %-S\7/. | | 243 \/0. 42 5. 606 - CONTROLLED sTRAIN _ & sTRESS
rrosecr Eacty Sdewee. PresHEAR |30.4 leo7 0l7Y2 703 5. b.06 prr- OO % ratE s 0O LE osey
TESTED BY NFg DAT|~:3’3z b Gs:ﬁz__ TYPE CELL_b_V_'_F_:.__. Eac=__é_a_6_ u8=4<?.J__0 PATH_‘!MQL.M
ALL STRESSES IN k%/cm" PRESHEAR STRESS HISTORY So Ffroor .S . . ?A'W‘
ELAPSED | AXIAL | (5 -ayp ~ B o @ an ? . _ _
TIME  |sTRAN, % | (0 %) | Ta o3 o 01/ au Tic A q p or %
o 2 Lot bot | foo | O - ) G0k
.06 |.2¢ S.73 | 6.21 | oS | /3 AN, BN -X-Yi
/o0 | ¥ 5.92  &£36 | LOF | ./ .82 | .22 | &./¥
22 . /5 S.72 . /3 | ¥ S| . 3728 Jo
.29 .f/’ S 43| 6. ¥4 /7K | H43 53 | . o¥
. ¥3 54 X AW S AV és' 77| . Y3 | SEK
R CAWA 4 S/ LeE (727 . T ez .7 25y
Y7 | [ &7 87| £S6 | /. 35| //7 | B | 8. 72
Y725 | Z.o0/ £& | &82 | /42| /.25 &2 | for | 552 .
L SR | X% A2 7o |/ SO |/ SY¥ R | [ 2¢ | S5 TL -
.S | L 70 (25| 7es | /.62 | [ 7/ ¥ | S35 | S 7 A\
&7 | 3./76 382 Zos|/E5/ | 277 &7 | /58 | & Y?
. 708 | F. 2% X871 70721/ F3 | 2/F b8 /6 |5 Y%
L &2 | 387 337 | LF0 | 20¥ | 247 .76 76 | S5./85
/1S [ 368 o7 277% Z20 | Zoo . P AR L 4
/.3/ 72 287 - 230 | 3 /9 . . /.73
2./¥ 339" 228 | &/7 | 268 | 278 98 (92 | oA 20
276 | 2-7s 209 | Lo¥F | 287 .98 Lo | [TF | o7
227 /.22 %Lé 3.0 | ¥/7 oS | [99 | L&
Y. YS Hol .77 | 5. 78327 ¥ 29 /07 [ 2.coS| 3-78
Yy Yo /&7 _§-_Z_0,_3L37 ¥ 33 .08 | 2.005 X 70
382 | Lo 46 7?1338 | +3p /.70 | 2008 267
L.YS| oo /[ 66 | 5 6C S Y| ¥ /.70 200|366
m CORRECTED For _ 2 P . (3) A=§;‘u:—§“; FOR COMPRESSION TESTS REMARKS :

@ au FOR A03=0 A= aoac FOR EXTENSION TESTS



CONSOLIDATED - UNDRAINED TRIAXIAL TEST -

DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY
TesT_no. L H O = LSS £z W,% | e |5.%] Ve |L,em|A,cm? PRESHEAR DURING _SHEAR
solAermolalc 76 Ve Mactl vt | S2810n2| 99 @&f eol/n/ 5, 3. 00 s CONTROLLED STRAIN._“_/_ STRESS
provecT ERrFly St e PreSHEAR 1S 908 /00(72.3|7.23 /0 5, Rl prr-Brloa RATE __» ©O/S t-r/‘"-_'
testeo oy ME LB pare %2 A 6 - 277 Type ceLLC £_4°3 Toe® 3.0 Uy:_>-0© PATHIJ__L_#__’L“' eore tre * ewOrESor sty
ALL STRESSES IN ’g?/""‘ PRESHEAR STRESS HlSTORY&QQi,ZIC cer s, I{Z L S TYS ! wa
ELAPSED | AXIAL | _ _ | (§-& _ _ o | au® s - _ _—
Tive  |sTRam, % | O %) | TE T3 o 91/7 au' Sic A a o %a s (S ﬁ: ':.:
o Pe) ‘rSF e 2.07 | 397 | 10.00| 7223
07 | ./l6
475 | .26
Z9F | 3%
. ¥SS | . 489
. 629 | 522
:6%7 8%
.6 . 972
L2706 |.FE2 ,
- 3%/ 797 4.»
.27 /-3;2 =3
EB¥ | £ 7F
9 | 2%
.28 2.3/
/- /R .56
[./S | 2.78
/.17 | 29%
SeTEZE
. XS
[.57 | 3.4¥
/.92 | 3.47
L.s0 | 3.8/
2945 2850
' -
o o _ cord SPear {E3 | 37 fo/9][ 7/~
o7 |./6S
i 53
(¥ | 4SO
JE | . éoo
/A7
- 7AVA-YY
.28 [ /(8BS
.36 | /-
A3/
o CORRECTED For A2 A= () A:gr—2o- FOR COMPRESSION TESTS REMARKS :
@ au FOR agy=o0 A=BUT2%  eor EXTENSION TESTS

T acg-ac



CONSOLIDATED - UNDRAINED

TRIAXIAL TEST -

DATA SUMMARY SHEET

hi

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY
1esT No.ChaO- ~f22 W,% | e |S,%]| Vicc|L,cm|A,cm? PRESHEAR DURING  SHEAR
501@&/&@@%5‘ INITIAL L&V /12| 79 \K0.88 00 l0./ 5. a3 .00 fe= coNTROLLED sTRAIN & sTRESS
brosecT Lo Py Sescmce rresHEAR |32 8L K8 K| fop (72.317 2310 0 7 R0 ppr-d2zl.m0  Rate_ NS '%ﬂ"’
resteo ov ML onre 02 66 6. T2 v el C-H Sy 5 - 3B.ov PR~ ; ) PATH ubra/"at"vc<7/6é~;p
ALL STRESSES IN A(/ﬁé‘“‘ PRESHEAR STRESS HISTORY ﬁZc&rfJO//ﬂ/ﬁ 7//.0‘7/. Sice ™ é‘ofgcw‘ 3.0
ELAPSED | AXIAL w| (F - &) ~ ~ o @ au? (3 _ _ _ —
TIME STRAIN, % (5, - &) Tc T3 g, T /T au Ge A B o, A Ss wa ﬁ‘ ;‘:‘.
SO [ 78
.87 |/ FL£
¥ | 270
2/ | 228
&7 | 2.52
/e | 283
/- 25 | 3.0
/.42 1 3.70
/]. 77 | 3.22
2./% | Z.2%
2497 | 326
3.Z20| 3.28
— e
o pe) [ Tlrar 1O0? | 3.97 | 1058|428
O | .076
o7 |.33
/. Kb
/S |- 63S
A9 .72
L6 | . 56
.83 .97
X /ARVA>Y/]
52 [ /Z/
. %3 [ 33
. 20 | ].¥%6
.92 | [
.20 | /.97
/. %8 | 726
/. 58 | 2Z¥46
O3 4
Z.¥0 | Z 7
277 2
33| 290
Y$ o7 7.89
Y gol 297
 CORRECTED FoR A2/~ ® A=:‘;’:§§" FOR COMPRESSION TESTS RE MARKS :
@ au FOR a0y=o0 A=2U"2%  por EXTENSION TESTS

AC- A



CONSOLIDATED - UNDRAINED TRIAXIAL TEST - DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

TEST QMM: W,% | € |S,%]| V,cc|L,em|A,cm?2 PRESHEAR DURING SHEAR
SOI‘MMC( INITIAL LEV/2 | TP S8\ Loo fo./ 5 - .00 e CONTROLLED STRAIN & STRESS
PROJECT&’?‘AGQ"C“C presuear (T2 E | P#F foo | 72.31 723\ l0.0 L A S NS A RATE _« O/S Y evier

resteo oy AUMELZ DATE%Z_L‘_ 6o X277 v eLCH VbS5 . B0 - FBoa PATHMM;L

PRESHEAR sTRess HisTory ffo CettaSoOls ‘/ﬂ/'é‘r, S T b0 SR = 3.

ALL STRESSES IN ",/f*

ELAPSED | AXIAL | _  _ | (-5, _ _ o @ | au® ) _ _ _ -
TME  |stRan, % | 1% | T s % 5/8; au %ic A g . o % = lE g»" :\:
L.S5¥ | 298
6.2F | 796
739 zqy pro— ry] Y
[fon LeAaAr, O.88 397 | 7123 | 6.8 |
o &
37 |. Z
.077 | . B2
/X | . EY
Je | .537 -
20 | .597 =
.28 | .&9% >
37 |. ¥23
S/ /.03
- |l /0
7 BRWELS
o8 | /Y3
AL
. /.
/€7 | [ 9¥#
/.86 | 207
276 | 225
288 | 2.9
Z29¥ 252
2.3 257
3723 | 763
’6/43; 2.658
£ 7- 2.7/
8559 | 2.7
bl | 272
wcorrecTeD For A2 L () A=gTot FOR COMPRESSION TESTS REMARKS -
@ au FOR acs=o0 A=2U"8% o EXTENSION TESTS




UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST — DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

TEST NO. (3' - -/ W, %[ e S, % A,cm?

Vice | L,em PRESHEAR DURING _SHEAR
SOIL MM NTIAL 36 ¥ oXZ| Joo |8no |fs /0 “, "oc CONTROLLED sTRAIN_ & STRESS
PROJECT CAZLE 5 FINAL fo o ,,.: y‘; . So RATE _1 €5 Yogrrn
TESTED BYM DATE_M G, 278 TYPE CELL _C- A wr FH Ty *. FPo /.00 PATH foacime
ALL STRESSES IN kfémz PRESHEAR oy /-ec
/4 PRESHEAR B / ©o
ELAPSED | AXIAL 0 ~ B B @) B SAMPLE
TME | sTRam, % | (7% % ° /8, au A 9 ° DESCRIPTION
/S¥P| O ; AFTER  TRIMMING
. 37 . 203
637 |.30% Hcdc&;\ﬂ
PSS | . 367 \ue €
/27 . #oF b 2
(ST [ s - ===
197 | .s1z I |
223 | ..5$9 | |
25% | . ez I |
/¥ |- &6bd ! ':»J
280 |.Lb l l
S | X | |
77 | . 7¥2 | |
S. ¥ | . 770 L J
boS | 780 —
i
-3/’ Kol

7 yA %376 AT FAILURE
- 02 f .

(I) CORRECTED FOR REMARKS :
(2)au FOR agy=o




UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST — DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS |INSTITUTE OF TECHNOLOGY

9" dnl

TEST NO. ZZS) O7-2-7 W, %] e |5% .V,cc L,om ] A,cm? PRESHEAR DURING _SHEAR
so BC_etent' sAbeel s A Y774 8ao |8.00 |loo ”!z % conTroLLED sTRAN_Y_ sTRESS
prOJECT___ ChTAES FINAL ;ﬁs’]jy{ leo liq ; TR : go RATE _: ©8 W/
resteo s MEB DATEM 6, 2.72& Tvee ceLL Co M. =X . b? l.co PATH
ALL STRESSES IN Vs 2 PRESHEAR o l.oo
[/4 PRESHEAR B (Y-
ELAPSED | AXIAL W ~ ~ ~ @) . SAMPLE
T™ME | sTRam % | (0% % o /T, au A d P DESCRIPTION
e gl} 271 AFTER  TRIMMING
637 [ 478 _54}5/ VA
9<s | . S70 /
.27 | .6¥3
.39 | . 692 ——— =1
Lqrs . . ! 1
255 | |
.‘35. 4 1, | |
w.t4
e | |
S5.07 | . I |
5.7¢ |
.3 | |
.00
y 3 L
2
.92/
7.6; AT _FAILURE
o.
/22 4
/1.8
/2.7
127
(1) CORRECTED  FOR REMARKS :

(2 au FOR agy=0



DATA SUMMARY SHEET
INSTITUTE OF TECHNOL OGY

UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST —
SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS

TEST NO. M W, % | e S, % | V,cc PRESHEAR DURING _SHEAR
smmaéci nTiaL B8 7| Llee| fov |00 ;6 _ % CONTROLLED STRAIN_¥__ STRESS
PROJECT CATULE S rval | 28.2 ) 1) /00 = zs:— OO.SO ratE_e © 3 "unin
Testeo sy YAELS DATEM 6, R 7§ Tvee ceLL O A withS . 298 . co PATH
b PRESHEAR (oo
ALL STRESSES IN ’ ?Aﬂ PRESHEAR gc o
ELAPSED | AXIAL 0 N B ~ ) . SAMPLE
TIME sTRaN, % | (07 % % 5/ ad P DESCRIPTION
;‘? (24 AFTER  TRIMMING
:755' '-27?2 Bluwe <) \ cavidveg
/.27 | L& . Ao~ e
[ [ Fez e Rintas
L8V | . P82 - — -7
S/¥ | P8 ! '
Z8R |\ Ph | |
Y| [oog I l _
S5.092| [oZ/ | =
| & 7% /. o5s I (o
6.3¢ | J.o7z l |
Zoe |/ o&s | |
[ o, | |
2 /. 093
A /WA L
255 | loss
/0Z | ] oFe
/0. oz AT _ FAILURE
/-7 | /o8 AT _FAl
(l) CORRECTED FOR REMARKS -

(2)au FOR ag0y=o



UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST —

SOIL MECHANICS LABORATORY,

DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS

DATA SUMMARY SHEET

INSTITUTE OF TECHNOLOGY

TEST NO. MQ&&) O7-4-/ W,%| e | 5 %] Vcc | Lyem| Aom? PRESHEAR DURING _SHEAR

SOIL Mu nTaL 3392141/ /a'p 80.0 &.wlloo Y "OC CONTROLLED STRAIN ¥~ sTRess

ProveECT CHAFE S FINAL 33.9 [// /oo VAL : 22/9 . So RATE - OS5 "/m,-‘-r

TESTED BYM%EM 6. D28 Tvee celL C-H Sy +.76 {.co PATH

Yens PRESHEAR o, /. c0
ALL STRESSES IN /7 (- P @ o
ELAPSED | AXIAL w @) SAMPLE
(0,-0y) g, 5,/5, aAu A q P
TIME STRAIN, % DESCRIPTION

;g 2003 AFTER  TRIMMING
627| .2£7 50{4 ',-ov.\ccl\w.-
L2551 -3ek
[-27 | .38 \
/. S?| . L4
[.9/ | . ¥57 ' '
2.23| . Y£9 | |
255 .52/ | | -
2.66 | - 37z | 5
2/¥ 563 ! "
3.50 | . 872 | |
PR AN Yk | |
Y77 . 683 | !
S.2/7 ], £&78 L N
Lol . 756 - T
6.77 | . 838
7.2/ . 266
729C | 876 AT _FAILURE
£ 60| .96 |
923 | 937
7.86 | . 9z0
0.8 | . 2/2

(1) CORRECTED FOR REMARKS :

(2)au FOR agy=o
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UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST —

SOIL MECHANICS LABORATORY,

DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS

DATA SUMMARY SHEET
INSTITUTE OF TECHNOLOGY

TEST NO. W, %] e | S %] Vicc | L,om| Acm? PRESHEAR DURING SHEAR
soL _BBC - wudiaducloed wtaL |89 1.58 | foo 8.0l Lasldp0 ‘_;4 _ gc controLLED sTRam_ ¥ sTRESS
-, b . .
ProvECT_CHIE S rnaL (89138 /e 0.3 .38 OS50 rate__- ©3 “fimiy
Slaz Ly = 13S
restep sy NE B3 pate/z2 G, 2.78 TYPE CELLM(@’ + . &3y l.oco0 PATH
ALL STRESSES IN ('(‘\/Cm"" ' PRESHEAR o [. o0
N PRESHEAR B | I -Ye
ELAPSED | AXIAL o B ~ (2) ) SAMPLE
TME | sTRAN, % | (7% % G/% au A a b DESCRIPTION
o (<) AFTER  TRIMMING
L3189 | . Y2¥ -
637 |- 600
- 4SS | - J2C
\.27 | . XIS
\Gi . 295 =
2.855|. 827 ! '
3.0¥] .80% | |
l | s
| | 3
2
| 1
‘ |
I |
L |
AT FAILURE
{I) CORRECTED FOR REMARKS :

(2au FOR agy=0




UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST —

DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY
TEST NO. S - -/ S, % DURING _SHEAR
soLdZBC  wsrcteslnrbce foo u % CONTROLLED sTRAIN Y STRESS
PROJECT CIES /00 4 g—o g— RaTE__- ©3 " wiy
. . So
testeo ey VEL DATE_M Tvre ceLL C A (S ) l.ee }. oo PATH
ALL STRESSES IN A?/cm & PRESHEAR o¢ lLoo
/ PRESHEAR B \.o0
ELAPSED | AXIAL ) SAMPLE
s 7, 5 A 5
TIME | STRAIN, % DESCRIPTION
;5’ g" AFTER  TRIMMING.
37 | .@ag very Very sobh,
S| . b isdsloedy T
.27 | a3l
'q ’ hd I‘*l - — — /7
2ss | IS8 ! :
A 163 | |
3.82 | .25 | | -
V¥ | 183 | Ky
o209 | 187 I -
S5 7% /128 | |
6.36 | . 20¥ | |
Zeoo | . Zlg | |
A 2/
28 | zz20 L
)’-?L .R23
.8 .226
loZ | .233 AT _FAILURE
10.8 |.232
[{-8 233
12.1 |.237
2.7 | .2/
[3. | . 2
I¥o |.2¢7
121 .2Y7
12 | 250
ISS7 | .Z2¢9
12 2¥9

(1) CORRECTED FOR
(2au FOR acy=o




UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST — DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

p—

TEST NO. . W, %| e S, % Vyec | Lyem | A,em? PRESHEAR DURING _SHEAR
SoIL Mﬁﬁr&‘c?/ ntaL | 296! .82 | Joo Svolfoe|lae — ”d Z ;C controLLED sTRam 7 sTReSs
ProvECT _CAHUE S FvaL RZ6LE2 |foo Z 50 + .'WS- So RATE . OB “fos'sy
testen sy VEFE B ,DfATE ‘%7&& Gy 2.78 Tvee ceLL _CoH with CG':) .95 |.®o0 PATH
st PRESHEAR o | Be-2)
ALL STRESSES IN ({7 <: PRESHEAR B Q7
ELAPSED | AXIAL 0 _ B B @) _ SAMPLE
T™ME | sTRAN, % | (DT % % % 9/0y ad A q P DESCRIPTION
:79 23 AFTER  TRIMMING
WAY ARN-Yi
238 | .02
L 38 | .12
4726 | . /s e — o
637 /7 ! '
ISy | .2z | |
/ S? . 30 | |
223 ‘38 | o
7.86 | . ¥3 | it
350 |82 , S
S1¥ | -SS | |
27 é | '
A. Z
7.3/ :%
& o ‘72_ AT FAILURE
<. 56 | .78
lo.S | .76
/% 4.
lz¢4 .77 | - - - [ ° "7 1 ______
137 .77 r 1
/Y& .77 } |
162 | 27 X |
(7% 72 | |
/57 7 , |
/8.7 1. 7% |
Z2C|-78 { |
|
[
L |
{l) CORRECTED FOR REMARKS :

(2)au FOR ao0y=o0



UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST — DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

e
TEST NO.M@ML@‘_ASL W, %] e | S %] Vicc | Lyom| A,cme PRESHEAR DURING _SHEAR

son.M?ﬁtf&a/ NTAL | Lol /oo &e | foollo.0 u % coNTROLLED sTRAIN_ & sTRESS
PROJECTC AP S FnaL |38.¢|lo7e fee lo.1/ ; ?;_\, /‘%o RATE . OF Vbwe'n
testen sy _VFL onte 6/ZZ ¥ 6. L 78 TYPE CELLQA@:;) r 1.2 /.5 PATH
ALL STRESSES IN A?/é‘m il PRESHEAR o // Yo
PRESHEAR B -1
ELAPSED | AXIAL " _ ~ - ") ) SAMPLE
T™ME | sTRAN, % | (9T % % o G/3; au A g P DESCRIPTION
o (< AFTER TRIMMING
079 | - Y e
/859 | 28 v e
€ | Xt G// ¢S
Y | ¢
L6857 | .52 ——— _]
9SS | 65 ! !
/.59 | . Zé | |
23 .82 [
86 | 59 | I -
Zso | . 9s | o
Y/¥ | . g | |
477 | . | |
K./ 5 a; | [
N . ©
/) of L
L3/ | Lo/
B25 | Joz
G233 Le) AT _FAILURE
(1) CORRECTED FOR REMARKS :

(2)au FOR aoy=o0



SOIL MECHANICS LABORATORY,

UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST —
DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS

DATA SUMMARY SHEET

INSTITUTE OF TECHNOLOGY

TEST NO. -/85-/ W, % | e PRESHEAR DURING _SHEAR
solL C trer L1 AL 7 YAV ¥4 4 “,V _ o"C CONTROLLED STRAIN & _STRESS
PrOVECT _CAPLE S FINAL ".,Zf /79 B 97:' ) .03 Yy
resteo sy NMEL DATEM G, 7% TyPe ceLL € /[ 375 Y
ALL STRESSES IN A’/Cn‘ PRESHEAR o¢ ,.So
(/ PRESHEAR B /- co
ELAPSED | AXIAL ( o _ B -, 2) ) SAMPLE
TIME | STRAIN,% | 1% % i G/ au P DESCRIPTION
o i~ AFTER  TRIMMING
.09 | o8 NN
/ST | .69 avc% [PEPRY {o oA
. 3/ .lo c..\aax
L Y7 | ./
.63 W74 T
. qS-S’ . /9‘ ! 1
[.27 | /3 ! |
L9 | ./8 u |
. Ss | .20 I
3/¥ | .23 !
3 A I |
Y$YS| . 29 | |
So02| .35 | |
S.7¥41 .36 L _
£.36 | .29 —
Zoo | .9
7.6 /2
28 . ‘ﬂ(‘ AT FAILURE
/4 s
9.5y | .
(002 . ¥7
y/23 5 0 - T 1T rrT
[/’/- Ky !J'y "_
2./ .
/2.7 7"‘7 !
7/5.# . ¥9
Yo | .So
/47 XY l
oz .87 | |
59| .5 | |
/S| . So | |
| by — X
(I} CORRECTED  FOR REMARKS :

(2)au FOR ao0y=o

*HSL




TEST NO.

UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST —

SOIL MECHANICS LABORATORY,

DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS

DATA SUMMARY SHEET

INSTITUTE OF TECHNOLOGY

*561L

W,%] e | S %]| Vyec | Lyom | A,cm? PRESHEAR DURING SHEAR
SO"MM INITIAL x—? /02 /oo .0 w /ao ';' % CONTROLLED ST/RAIN » STRESS
- -] PY) .
PROJECT =S FINAL 367 Loz fov /33 36 RATE- OF Sooyr o«
e .E&6 .o
TESTED BY.MDATEM G, 7P Tvpe cELLC A withSS (.38 { PATH
ALL STRESSES IN h/ew‘ PRESHEAR o l.so
VF PRESHEAR B l.oo
ELAPSED | AXIAL ) ~ B B 2) _ SAMPLE
T™ME | sTRAIN,% | (9T % o G/5; ad A q P DESCRIPTION
07? ‘;/ AFTER _ TRIMMING.
. O .
/S99 | .68 /)éu ou
.3’/6 .67 éc«am e ‘/ 4 ~e.
7 /0
) 337 /2 “nhcﬂ —"’~c/
g /8 !
L27 | .17 I
/ q/_ . 2/ | ]
288 . 2l |
3%; .30 ’
. 52 | . 36 | |
L 4 | |
15‘ 7“ 2 .\gg L o __j
Zoo | . &/
7.6% | . L¥
;.25 ész AT _FAILURE
PSS - 68
/o2 | .68
lo-& .28' _____
//- L7 :” 7'
|
|
|
| |
| |
|
I’ |
| |
|
L _ a
() CORRECTED  FOR REMARKS :

(2)au FOR aoy=o



UNCONSOLIDATED - UNDRAINED TRIAXIAL TEST — DATA SUMMARY SHEET

SOIL MECHANICS LABORATORY, DEPT. OF CIVIL ENGINEERING, MASSACHUSETTS |INSTITUTE OF TECHNOLOGY

TEST NO. -/7 - W, %

e | S %] Vicc | L,om]| A,om? PRESHEAR DURING SHEAR
soIL MQLM wraL (MY |. 87| foo| 520 L0 fo.0 u o % CONTROLLED STRAI/N vV sTRess
7S Y. 871/ m - e e L 03 Yfuin
PROJECT FINAL 06 A V23 <o RATE
TESTED BYM DATE_ééLég Gs Z7F TYPE CELL & /X .o PATH
ALL STRESSES IN A"’/CHL PRESHEAR og l.eo
PRESHEAR B \ .o
ELAPSED AXIAL w _ _ (2) _ SAMPLE
TIME STRAN, % | (7% % o /0, oY A 9 P DESCRIPTION
g_’q g AFTER  TRIMMING
. Se ‘»4
- (ST oY
Y] .07 one k%ti&m >
Y76 .67 Bean ot five aandd
L37| .2 ——— -7
A 13 ! :
L. §7 | .18 | |
223 | .22 l | -
& .26 | Ky
3.8b| .30 ! o
L4 | .38 r |
Z77 . ¢ | |
S Y| . ‘gg | |
: XY L—— -
73/ | . LY
795 | . b7
§.60! 70 AT FAILURE
L23 | 72
LEL | 7Y
Iﬁ.s 3%
Jq 127\ e
hyl .77 - 1
z2¢| .77 l
12.11 .27 | |
Yo | .76 [ |
| |
|
: |
| |
[
(I) CORRECTED  FOR REMARKS :

(2)au FOR a0y=0
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157.

Iypes of Triaxial Tests.

an elevated.bar over letters denoting a type of shear

test, indicates that pore pressures were measured

during shear,

compression test on isotropically normally

consolidated samples.

compression test on isotropically overconsolidated sample?

compression test on "perfect" sample after K, consolidation.

Perfect sampling denotes an undrained release of K,

stresses to attain an isotropic state of stress (Ladd

and Lambe, 1963).°

compression test on isotropically consolidated sample

after Ko consolidation, i.e. sample is consolidated to

K., unloaded undrained to attain an isotropic state of

stress (&ps) and then consolidated isotropically to
where & < @-',

cyclic compression~extension test on isotropically

consolidated sample.

cyclic compression test on K, consolidated sample.

cyclic compression-extension test on K, consolidated

sample.

compression test on isotropically consolidated sample

rebound to zero total stress before shear.

compression test on K, consolidated sample rebound

to zero total stress before sheare
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Sv, Sy

S,
e

Se

SR

OCR.

158,

List of symbols,

vertical and horizontal total sfress

vertical and horizontal effective stress

ma jor and minor effective stress

maximam past consolidation pressure
consolidation pressure (isotropic)

consolidation pressures (anisotropic)

effective residual.stress after perfect sampling
effective residual stress after actual sampling
void ratio

unit weight

total unit weight

unit weight of water

ratio of horizontal to vertical effective stress
ratio of horizontal to vertical effective stress when

no strain is taking place in the direction of minor stress

Skemtons A-factor = -Q = Q&S
nAGSi-— o5y
" " . during unloading = A - ASh
ATy - AT,

Skemtons A-factor at failure

undrained shear strength

undrained shear strength at perfect sampling
undrained shear strength at sampling
Hverslev's cohesion parameter

Hvorslev's friction angle parameter
Hvorslev's equivalent pressure

_ Sew TSow

overconsolidation ratio = —— er —/——
Se Sve




159.

'E?H..aﬂ' ﬁdvalent "overconsolidation® ratic = 88
5, , &y strain in major and minor stress directions
pore pressure

residual pore pressure

water confent

liquid limit

plastic limit

natural water content

depth

N
“ gL s el

A preshear crossectional area of triaxial sample
Le  preshear length of triaxial sample

S degree of saturation

ARF. piston friction

FS. filter strips

(v d



