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SCOPE
This investigation had as ite main purpose a study of

the correlation of shearing strengith results obtained

by the use of Cylindrical Compression Apparatus with
pore pressure measurements, with results as cbtaindd
from Drained Direct Shear Tests. It thus would throw
light on the degree to which the pore pressure measuring
device (attached to the standard Cylindrical Compression
Apparatus) could be accepted as reliable in the attaine
ment of a True Mohr Strength Envelope.

In view of which, it was sougit to obtain the true
Strength Envelope, first by use of Cylindrical Comprese
sion apparatus with use of the pore pressure measuriug
device, and secondly, and guite separately, by use of
Drained Direct Shear Tests. In order to aveid the scate
tering that is almost ineviteble in any investigation
using “"Undisturbed Samples of Clay® ,the msteriel used
for all the testis was remoulded Boston Blue Clay.

The apparatus used for the Cylindrical Compression
tests is the standard apparatus described in the Tenth
Progress Report, "Cylindrical Compression Research Pro-
gram on Stress-Deformation and Stremgth Characteristies
of soils", Donald VW.Taylor, M.I.T., May 1, 1944.

For the drained Direct Shear tests the standard
strain-control machine was used, with a few modifications

which will be discussed below.



CONCLUS IONS

There is littlie that can be said that is not quite
apparent from the plot of the Mohr Strength Envelope.

(1) as far as ecan be deduced from this somewhat li-
mited study, there is very good agroement between re~
sults obtained by the Cylindrical Compression tests with
Pore Pressure measurements, and those of Drained Direct
Shear tests. The pore-pressure pilot is therefore quite
reliable in giving the pore pressures during e oylindrie
cal compressiom test, so that the True Mohr Strength En-
velope may be obtained from mddé-qu Cylindrical Com=

pression tests.

(2) T™he effeet of precompression in the remoulded
Boston Blue Clay shows up as & straight line almost
parallel to the ¢ line but displaced upwards by = small
amount corresponding to the cohesion 3 asnd mear (. =; 0.
thie 'eohesion' breaks down fairly rapidly, from then
on the Stremgth Invelope following the ¢ line.
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GENERAL DESCRIPTION .
The problem of determining the true lMohr Strength In-

velope in undrained Cylindrical Compression tests on
clays was successfully tackled with the development of
the Pore-pressure measuring device. Previous to this

the problem was evaded by use of thé so-called "Apparent
¢ engle” : it being impossible to determine the inter-
granular pressure om the failure plane, it became cus-
tomary to plot the shearing stremgth vs. the consolidat-
ion pressure. Im the gemeral rum of clays, where the ¢
value is about 30, (outside the ramge of effects due to
precompression), it became customary to think of (. as
having stout half the value of the true d sinee [ -(, (1-»in¢f)
and [, ~ (.

As a result of the falrly extensive research program
carried out at the M.I.¥Y. Soil Mechanies ILaboratory in
cooperation with the U.S. Engineer Department, a method
was devedoped for obtaining measuremenis of pore pressures
in samples subjected to Comsolidation or to Cylindrical
Compression tests in a standard Cylindrical Compression
machine., The development of this Pore pressure measuring
device is detailed in the Tenth Progress Report of the
above Research Programi & report submitited by Domald W,
Taylor, Assistant Prefessor of Soil liechanics, on Mayl,
1944. The same progress report gives a wealth of data

on tests carriéd out with the use of the Pore-pressure



measuring device: and it ;Paludes descriptions of test
procedure, It thus becomes unnecessary to describe this
type of test in this thesis., Threc such tests were run
on the same sample. Three tests are not guite sufficient
to allow assertive conclusions on the "fime points®.

But it lay without the scope of this study, in time and
avallable material, to attempt to conduct a more exten~
sive series of tests. Nelither do three tests quite es-
tablish @ Mohr Stremgth Envelope. However, it was pos-
sible to run guite an extensive series of drained Direct
Shear tests, the last few of which were so developed inm
technique as to take only three days. The idea of the
investigation was therefore modified a little:- the re-
sulte from the drained Direct Shear Teats were used to
determine the lMohr Strength Envelope and the results

of the three Cylindriecal Compression Tests were plotted
alomgside and their positions studied in relation to
the Strength Envelope. Actually all the tests wert to
define just one Envelop@es.

The drained Direct Shear tests purport tc be slow
enough so that there is sssentially complete comsoli-
dation: the mormal pressure apyplied on the faillure
plane (horizontal) is therefore the intergranular pres-
sure on that plsne, and the plot of shearinmg strength
vs. normal pressure gives the True lichr Strength Enve-
lope.
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SAMPLE:= The Samples used were prepared from the same
Boston Blue Clay used for the investigatioms descibed in
Progress Reports # 9 and 10, The following is tramscribed
from Page 6, Ninth Progress Report..” It is a typical Bos-
ton Blue Clay cbtained from a large open excaw tion in
South Boston Harbour. This olay has s liquid limit of 50
and plastic limit of 24. Its matural water comtent is ap-
proximately 407 and its unconfined compressive strength
about 700 pounds per sq. ft." On Page 7 of the same re-
PETA N SUMMOANAS. s Mg 0, oo s

of homogeneity. This is worthy of speeific mention here,
because the remarkable agreement obtained in most test
resulits is to & large extemt due to this ‘perfect' homo-
geneity.

The sample used for the Cylindrical Compresion tests
had bnan'=u§ from & large batch that, early in 1944, was
consolidated to 4 Kg¥sq.cm. in the large 15-inch dismeter
consolidometer then but recently designed and set up at
the M.I,T. Soil Mechanics Laboratory. (Vide. Brief des-
eription, Page 9, Ninth Progreas Report ;3 and Page 4,
Tenth Progress Report ). In the motation used by Prof,
D.W.Taylor in his reports, the sample used was Saupk C
of Batch E25EZ2. The oonsolidation date is available at
the Laboratory. The following data is of interestse

Average V\T - 1,467 "4’, Average water content —30.3%,

computed at the end of the consolidation process.
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The samples for the direct shear tests were consolidate
ed either in the 4.Z2-inch diameter consolidometer units or
in the direct shear machine itself. The advantage in comne
solidating them in the consolidometer units was that a
check water content could be obtained out of the shavings
when cutting each sample down to the necessary 3-inch
square. The water content thus determined averaged 30.3%0.l1%.
The smples were consolidated to the 57 psi. (4 Xg/emi)
using 6% frietion ...Vide. Consolidation Research pamphlet,
Fig. 14 on page 32, ( Total frietion as percent of total
applied load at end of primary compression *12% .. average
friction v 6% ).

In placing the remoulded clay into the containers (con-
solidation units, or diree¢t shear machine ) great care was
exerted to avoid entrapping air bubbles. The usual proce-
dure was emplyed 3 vis., of taking the eclay a little at a
time and spreading it thin with a spatula on =& large pore
c8lain dish, thus gettihg rid of the existing air bubbles.
The authow wishes to point out, however, that in his opi-
nion this does not accomplish much for it seems that most
air bubbles are entrapped when transferring the clay into
the container where it becomes next to impossible to
"spread it"out in thin layers® to destroy the air bubbles.
However this does not seem to be a i;mint of major consee

quence.



The apparatus used is
what the author terms "standard” apparatus in that it
has been thoroughly described in previcus studies on
Shear in Clays. The apparatus and testing procedure are
well described in the Ninth Progress Report, and the
additions made necessary by the pore-pressure measuring
device are completely covered in the Tenth Progress Ree-
port.

The first test was Tun with no reconsolidation.
Unfortunately it was run a little too fast for altogether
adequate handling of the pore pressure measurements, which
requires considerable practice. As the pore-pressure mea-
suring device tende to be slow in registering changes,
if the test is run relatively fast, the result is more or
less that there is always a little lag, snd consecutive
readings will straddle the actual value. It is advisable
to run these tests moderately slow unlese and until ome
is quite adept. Anyway, by using the best interpolated
curve from a plot, quite acmaréta pore pressure values
are obtainable. Certainly of better degree of asccuracy
than obtains im the chamber pressure readings .. espe-
clally if due to a small leak in the stuffing-box the
ghamber pressure does not stay quite comstant.

The observed and computed data !'e;r'_ ﬁu test are
given in Tables 1A, 1B, and 1C (Page3o-i?) accompanied
by the graphs ( Page 3334), The computations herein de-

£
i



tailed were based on an assumption of uniform bulging
throughout the lenght of the sample. The use of average
area, over entire lemgth of sample, computed from the
assumption of constant volume, is somewhat in erxror, es-
pecially under larger compressive sirains. In general there
are "depd end" spaces : and most of the change of area (due
to compression and comseguent bulging) takes place in fhe
middle portion of the cylinder. Hemce obviously the values
of (6,-0,)max. temd to be a little high : and so also the
computed shearing strength.

The author ﬁao therefore adppted what he considers a
mach more logieal procedure, based on an eye estimate of
the fraction of the entire length over which most of the
bulging seems to have takenm place. This procedure is ob-
viously only approximate: if precision is desired, actual
measurements of the eircumference of the sample at various
levels may be undertaken. The computations involved in
this correction of basic sssumptic’are indicated inm Table
6 (Pages53.55). The procedure is only approximate indeed,
but the approximation should infallibly bring the results
eloser to actual. The author was not guite avare of the
degree to which t.his' alteration in the basic assumption
wma modify resultsj. In the first test it affected the
results by 2.2% : in the second test by 3.7% : and in the
, third test by 15% ; these figures are based on the correc-
tive assumptions adopted. Being unaware of the impottance
of these alterations, the author failed to setl due store
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by all possible measurements that might have helped in
making the assumptions more precise. Howewver, the one set
of memsurements (of eircumferences) takem previous to the
atart of Test #3, checks pretty well with the results are
rived at by computation based on these assumptions (Vide.
Correction for Test #3, Page 55).

Since the same sample was to be used in subsequent gesgs’
care was exerted to avoid prolomging Tests #1 and #2, which
Were comsequently stopped as soon as it became fairly sure
that (¢ -0:) max. had been reached. |

It is interesting to follow the variations of §, and T,
as the test progresses. In the precompression range the curvé
is somewhat different from the ususliand there is a little
question as to which plane to use ... the 60°plane, failure
plane for ¢-30°(which is close to the condition obtained
with remolded Boston Blue Clay ), or the 64° plane whiech is
the actual :ﬂiiluﬂ plane in this case with comsiderable
precompression effects. In Tsble 1C (Page32) computed data
is given for both, but the curve is plotted only for the
60 plane. This Table is given as a sample : for tests #e
and #3 only the graphs are given., This brief side-invese
tigatidn merely follows a thought developed by Prof.D.W.
Taylor in the afore-mentionsd Tenth Progress Report
{ Page 18,19)

The sample was then set to consolidate to 60 psi. The
stop~cock allowing drainage at the bottom was opened jand
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connection was made to a burette (all air in the connece
tions having been thoroughly boiled out) in order to obe
tain measurement of the totel volume of water drained out
in the consolidation process. Seattered pore-pressure réade-
ings were takem to study the progress of the consolidation
process. This data is given in the Appendix (Page 56 ).

At the end of five days the pore pressure registered a
small enough residual (23psi) so that the second Test could
be run. The height of the sample of course had changed dure
ing the comsolidation process; but was indirectly obtainable
through the number of revolutions of the coumter correspond-
ing to the t-_rnnl necessary for the "compressing plate® to
reach the top of the sample. The volume of the sample is
best epproximated by subtractding the volume of water drain-
ed out, frem the original volume of thé sample. (Vide,Com-
putetions end relevent comments, Table &, Page 54). Thus
the average area was obtainmable, 3

The second test was thus run. The speed was better ade
Justed so that pore pressure readings were more casily handle
ed., Since (T: during the test reaches values higher than the
0.~ 60psi, effects of precompression should theoretically
not exist.

In Table 2 the computations sre carried out under the
assumption of unifeorm bulging occurring over the emtire
length of sample ,..and assuming that the area was still
uniform as a result of the bulging occurring in Test #1.

The corresponding graphs of pertinent characteristics are
plotted in Pages 36-38



Of course, similar to the adjustment undertaken in Test{l,
there is s necessary adjustment of areas for Test #2. The
computations for this are outlined in fair detalil omn Page 54
The speed of axial strain in this test is taken as the
base spesd to whiwh results of all other tests are reduced.
The &ffect of an incrase of speed of shesr is to increase
the shearing strength; and so & "base speed" must be adopte
ed in order to bring =21l shearing strength resulis to com=
pareble values. Progress Report # © brings forth the cone
clusions om a very extensive program of research on the ef-
fect of speed of shear. The tests, on which those counclu-
sions are based, were carried out on the same type of Bos-
ton Blue Clay, resulis being corrected to a base of 29%
Water Content. The average ocurve of Compresaive Strength
vs8. Time Rate of Axial Strain, per cent per min., is used
by the suthor to reduce shearing sirengths at any speed
to shearing stremgth at the "base speedf. Since shearing
strength T-(F,-7,) 4 @ , therefore for ¢ comste, T X (7-7,)
And it is assumeé that at other water contents (especislly
since most water contents we'e very close to 29%) the cur-
ve of compressive stremgth vs. time rate of axial strain
is the same. This might at most involve very minor arpro-
ximations. !

Upon completiom of Teat #2 the chamber pressure was
increased to 120psi., amd the sample was allowed to com-
solidate (three-dimensional consolidation) sbottomiraine



age being allowed. At the end of a coupls of days however,

the volume of water drained being quite appreciable and
condision

the pore pressure refusing to fall, the logical)\was reached

« e osnamely. that there was a leak. Upon inspection it was

discovered that the leak was occasioned by the failure of
the cement used in sticking the rubber nirple to the rube
ber gasket. The apparatus was dismsmtled, the pore press
sure pilot carefully removed, and the sample csrried to
the humid room.. The only way to remeve the gasket with
least disturbance was to slit it down its length with a
sherp razoY-blade., A new gaskel was prepared, the mnipple
cemented (with the same cement ..Goodrich Tyre Cement.. |
since no other was avallable at the moment, snd; after
all, this had behaved satisfactérily for some téme)., The
gesket was put on with great care to svoid disturbance

to the sample and to imsure that the nipple was opposite
the hole left by the removal of the pilot. The pilot was
demerated, the hole in the sample was filled with water,
the sample was set up, and the pilot carefully inserted
into the position it hed previously occupied. The process
of consolidation was started over. But unfortunately

the same trouble developed a second time. Which leads the
author te recommend discarding the use of the said Goode
rich Tyre Cement. The sample was finally set up and the
third test carried to successful conclusion, by using a
Cement # 140 of the Glover Coating Co. (Boston). The same
ple may have Iluffer'ed a little from the inevitable rough



handling, but the plreess of consolidating to 120psi.
should eradicate such effects. In faot, the use of a single
sample in three consecutive tosts involving three failures
might be questioned,. But it is knmown from practice that
consolidation to higher pressures erases the mark of any
such previous failures and in fact this was borme out in
this particular work, for not only was the strength defie
nitely not neticeably impaired, but also the failure plane
was not the seme in comsecutive tests.

Before final consolidation to 120psi. pertinent meas-
surements were takem of the sample : weight, height, snd
circumference at various levels. This data i3 presented in
the Appendix (Page 58 ). The volume of the sample after
consolidation is computed as outlined in Page 58,59

The third test was thereupon successfully run. The
data and computations are presented in Tables 34 and 3B
(Pages3941), ané in the plots (PagesA2-44),.In this third
test especially, however, the assumptiom of uniform bulging
over the entire length of the sample is very prroncous.
There is the effect of bulging due to the previous two
tests ( witness the messurements at the middle and at the
ends). And, there is the effeet of bulging ocourring in
this same test. By visusl examination it is estimated that
matl'. of the bulging took place in the midile half of the
length of the sample. Based on this estimate 2 recomputa-
tion of results is outlined in Table 6C (Page 55).FPinally,
impoPtant data for determination of water comtent etc.
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werw obtaimed. The data and computations are presented
in fair detail in the Appendix ( Page5s).

The two calibration eurveas required for computations
were (1) Proving Ring Calibrations (2) the Calibration
curve of counter revolution vs. compressive strain.Both
these were avilable and are here presented (Pages 60,6 ),
Since the Proving Ring was used somewhat above capacity,
new Proving Ring calibration data was obiained..

t Shear Tests s~ The main purpose gwas to run the
tests slow enough to insure fairly complete comsolidation
during the shearing process.. The choice still lay between
a stress-control test and a strain-control oné, The first
test was attempted as & modified stress-control (since the
machine aveilsble is strain-control) but it had te be gi-
ven up as hppeless, because the author hnd to spend day
and night bc;nda the machine switching the motor om and
off to keep the shearing load constent for some time. On
further thought it became obvious that & strainecontrol

~test had vast adventages. It would be fairly easy to set
up & system of pulleys ete. in order to maintain a cons-
mt shearing load sand then the preudm would be to

/ /start by applying a certain small M. 1.%1:;3 the same
, ple consolidate, then adding some npra.s\ and so om to
failure. Which would involve a lot of wari*y on estimating
the proper additioms of load, there being a?bsolutely no -
control over strain. And towards the amﬁd oih"._; the test this

1
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would mean almost comtimuous attemtion since with a
shearing load zlmost egual to the maximum, shearimg strain
would certainly inerease quite & bit if inadvertently nee
glected for some time., And strains idad to be controlled:
it is fairly well accepted that beyond a certain horizone
tal displacement ( about 0U3 for the 3"«3" sample) re=
sults become almost meaningless becszuse not much is known
about such fundamental characteristics as the cross-sec-
tionsl area i1

In order to uwse the strsin-control procedure the ma-
chine would merely reguire comsiderable slowing down...
It was voughly computed that the speeds obtainmed by run-
ning the motor at its full speed in its present set-up,
with the mere interposition of an sdditionsl 1:150 and
1:25 gear boxes, the speed would be satisfactory (the
speed of horigontal displacement is about 0002 per hour)
It was recognised that the first part of the test could
be run at & much higher speed: therefore the 1:25 gear
box wge mot fixed in at all "permanently®,; but merely
with clamps, so that it could be removed from action at
will. |

Samples; some samples were prepared ightha consolidat-

ion units and some were consolidated in the direct shear

\

machine itself. Most of the semples used ﬁp the range of
precompression (consglidated to 57psi) I%r;hcansolidatad
in the 4.2«inch consolidometers and then cu%ﬁ}nto the

343" square for the Direct Shear box. This gomsolidation

|\

5
I\



22

is standard procedure snd will therefore not be described
any further. The samples were on an average 5/8 « 3/4 ine
ches thick. lany of the samples were set to consolidate
in the Direct Shear machime itself and allowed a period
of & couple of days for almost complete consolidation bee
fore starting the Direct Shemm Test. 3%« 3" porous stones
were directly under and above the clay sample.

It was necessary to surround the shearing plane with
water to aveid drying out. Many ideas were tried out and
finelly & successful method was evelved which was quite
easy to handle. Strips of manila-cover were cut to the
appropriate sige to it around the hqi;tom square leaving
& 1/4-inch edge mbove § were diyped in moltem persffin _
wax to aveid their absorbing water; and were then stuck
to the sides of the bottom square by filling in molten
wax inte the space between the manila~cover and the alu-
minium box. This could be done omnly after the upper frame
had been raised to be quite elear of the lower frame..for
the running of the direct shear test.

The first test run took about 10 day;zr The author only
ran the first 0¥036 at the faster speed (ﬂ'@tar at lowest
speed and additional 1:150 gear ratio). m then Py the
rest of the test, to sbout 0279 at the aloéqr speed
(motor at full spesd; additiomal 1:150 and 1:28 gear ratios).
The motor had its own rheostat control, 80 thnt_. in gere ral
four standard speeds were used... | [ II"

(4) Motor at full speed; additional 13150 gear ratio ..
this averaged 0%032 per hour when the mo tor hrnd warmed up.
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(B) Motor at lowest speed; additional 1:1560 gear ratioe...
this averaged 0%026 peshour.

(C) Motor at full speeds; additional 1:150 and 1:25 gear
ratios..this averaged 09002 per hour with the motor well
warmed ups

(D) HMotor at lowest speed; additional 1:150 and 1:25 gear
ratios..this averag ¢ 080017 per hour. It was seldom used.

The author will heaceforth refer to these standard
speecds as AyB,C,D. Aetmally the speed did not remain cons-

tant at any of these settings; of course while the motor
was warming up the speed varied a lot (showing a gradual in-
creass). But although it is supposed to be a constantespeed
motor, it was not quite well enough so.

The first test run toek nine days but helped very much
in experience necessary in wttmq down the time in subse-
guent tests. The standard stress-strain curve was obtained
and it wes thus discoverecd that the test could be rum at
the highest speed up to about 0150 horizontal displacement
without developing a shearing stress higher than the shear-
ing strength at the lower speed (especially speed C). The
final procedure that was evolved cut dowan the tdme per test
to about three days (Hr the shearing).

The proving ring dial was set up with a little traveling
‘indicator to mark the maximum reached, if this happened to

' have oceurred during the night or some odd time, Read ings
!f were taken of horisontal displacement, vertical displace-
' ment (indiecating consolidation), time, and proving ring.
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Table 4 (Pagess) and the graph on Page /6,are s sample of
the complete details of any one test. It would be too lae
borious to present the data of all other tests in similsr
form, so the abbreviated form is adopted of showing pere
tinent data on & stress-strain plot.

Calibration curves were run for both proving rings
used on the Direct Shear Machine. The calibration data is
presented in tabumlar form on Pages 63,64,

The important result in each test is merely the shear-
ing strengith. The computations of these results are all
prescnted in Table 5 (Page 47) . Of course the results must
be corrected for speed of strain. The speed of shearing
strain is 3/2 the speed of axial strain ae given in the
Ninth Progress Report, for small strains, for the plamne of
maximum shear. (Page 27) Henoe for comparison, 2/3 the
speed of shearing strain had to be used... Several very
good indirset checks on the average curve of Fig.VII
(Ninth Progress Report) were obtained by obtaining the
shearing etrengih at verious speeds of strain and reducing
them to the "bese speed” by use of that curve. The results
are indicated in Table V. The agreement is truly remarka-
ble in most cases.

Two teste were run with a slightly different progedures
~and although theory does mot warrant the expedtation of any
differemce in result, the actusl results obtained indicate
the existence of some difference (Points A,B.. Mohr Strength
/Envelope, Page 7). This will however be disoussed in the
foilw:lng section.
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S ¥ TS
With the only exeeption of a Tew tests, the pointe that go
to define the Mohr Strength Pnvelope (Page7) show such ree
markable agreement with the expectation based on theory
that there is little that cem be said in "discussion”e
It may be noted that in the range of precomprsssion effect,
the precompression effect shows up as & streight line ale
most parallel to the ( line, but displaced upwards by a
‘ small amount corresponding to the ‘cohesion' or 'bomd'.
And indeed if this 'bond' due to precompression were somee
thing definite and constant, theory leads us to expect this:
witness the stremgth envelopes fo metals or other highly
cohesive materials. The precompression effect is ﬁoroforc
fairly constent up to 2 point where §,730psi which would
correspond to a (, of about 50psi (which is close to the ()3
and then this artificial 'bhomd® ﬁpidh breaks down and
the Mohr Stremgth Fnvelope corresponds to the ¢ line passing
through the origin..

The tests that show somewhat questionable results are
indicated by the letters A,B,C, and the number 3. The aue
thor wishes to emphasize that although even the variation
l.hm in these tests is of small enough order of magnitude
that it could be blamed on the random 'seattering' intrin-
/he 'sa any soil investigation, he will not sceept that
line of explanation which might imply ‘'escapism'., The sam-
ples were wery homogeneous. The degree of esre exerted in
each and every test was the ssme .. the best that could be
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mustered with the knowleg@de and experience the possessed..
The teechnique in handling some of the early Direct Shear
Tests was not so well developed as it subsequently came to
be, from much that was learnt by experiences but,neverthe-
less that lack of technique should in no way have affected
the resultes ...rathhr, it made the work more tedious for
the author.

In tests moted A,B,C a slight difference in procedure
is noted, Test C iz the only one of the tests in the pre-
compression range for which the consolidation was carried
out in the direct shear machine itself, previcus to run-
ning the shear test. Theorstieally this does not lead one
to expect any differemce in the results : but it is just
perhaps some of the *fimer points', that theory is forced
to neglect, that may explain 1t."Iha plot of Water Content
v8. log(shearing strength) does mot show any discrepancy
that might explain it.

Tests marked A and B were consoclidated first to & prese-
sure guite a2 bit higher than the [, ,although lower than the
computed 0, . Test A for example was first comsolidated to
120psi: then the normal load was released to 70.bpsi just
before starting the direct shear test. Now, for (-28 and
T, < 70.5psi, T = @ (1-2nd ). [ - 133ped, so theoretically
this change of procedure should have made no difference.
Similarly for Test B the sample was first consolidated to
60psi j [f (computed) = 60psi, The effect of precompression
perhaps may legitimately be expected to a small dOgre@...
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but not teo such am extent that the result plots even higher
than the ‘'average' curve drawn as the strength envelope in
the range of that precompression effect. It is rather sine
gular, further, th&t in both cases the result is somewhat
higher than expected. A study of the readings of the vere
tical dial shows no appreciable compression or expansion
ef the sample near failure (OYO00)L and OLOCOL5 compression
in the peried of about 2 hours between readings, in both
cases) 3s0 that no study of energy relations due to volume
change is warranted. In all other direct shear tests Just
about the same compression existed at failure.

Finally Point 3 (representing Cylimdriecal Compressiom
Test #35) deserves discussion. The point as plotied is al-
ready corrected as the auther deemed most legitimste (Vide.
Table 6C, Pages5s). Of course t.h:is correction may have been
too small or too big by a littlé.. but if's segnitude
should be close to thet indicated, amd minor varigtiona in
the assumptions will not brimg the peint '-mch closer %o
the expected velue, anyway. The water eonmt geons & lite
tle low, but that will not explain much. Tﬁs author can
think of several poinmts, each of which may not explain
away the whole differemce, but all of-én;eh when consider-

\i
\

A

(1) Effect of the rubber. The rubber gasket wes 0025

ed together easily mights=-

thick instead of the customary 02010 : and QQ the time the
third test was well under way the area ¢f t.he\ sample at
the center was 12,27 bigger than the or‘lgiml %\m- This



28

excessive bulging, forcing the rubber to stretch, may
have been responsible for pasrt of the added strength.

(2) The development of the failure plames- Quite early
in the test (ag about 7% strain) a disrimet failure plane
started to develop cutting the plane of the pileot slmost
at rt. angles., As the test progressed, however, this failu-
re plane did mot develop, but others staried to develop on
planes more or less parallel to the plane of the pilot;
ané as the test was concluded there was no distinet failure
plane, but a2 maze of little failure planes erossing each
other in the middle pogtion of the cylinder (the portion
that had bulged most). Perhaps if the pilot had not been
there, the development of the first failure plane would
have continued normslly, and the shearing strength om this
failure plane might have been less than the observed value,

ese more nearly the true value.

The result of the first Cylindrieal Compression Test
does mot indicate the existence of too much of the effect
that might have been expected due to the '"two-year reat
period' between the consolidation and the ecylindrical com=
pression test ; the little added strength may be either
due to that or due to any natursl seattering.

Discussion of results in view of theoretical differene
ces between Cylindriecal Compression Tests and Direct Shear
Tests.

(1) The fact that in coylindricgl compression the failure
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plane develops on the weakest plane, whercas in direct
shear the failure plane is arbitrarily piecked, and is
therefore much more likely to give the average shearing
strength : this is of no importance in these tesis which
use samples very carefully prepsred with a view to perfect
homogeneity .

(2) The effect ﬁ {neglected in theory). In direct shear
tests all that is known of [, values is that they fall somee
where between J, and (; oo "It is gemerally believed, however,
that the shearing strength may depend somewhat on 0, , being
perhaps of the order of 10% greater whem 7, equals (, than it
is when J, equals (,. (Page 8. Supplement to Ninth Progress
Report). It must be moted that no such differemce is indi-

cated in the series of tests undertaken : of course, no

assertive conclusions can be made therefrom.
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Tasre 1A
Counter |Proving| Pore .| Chamber| P.R. ; Area
revs. Ring Press.| Press.| Load® AL* 12 8q.ins.
0 [w<*2.0| 2704 |[30.0p% 1.2 0 | 6.500 | 6.1625
10 5.2 2Be3 6.000.0055| 6.495 6.168
20 11.4 £0.6 13.4| 0.0141 | 6.4886 6175
30 16.3| 3040 ? 19.2| 0.0236 | 6.476 6.180
40 20.4| 30.3 235.8| 0.0334 | 6.467 6.190
50 25-8 30.'? Y 27.6 004843 &n‘-ﬁﬁ 60200
60 2646 30.5 31.0 30.9| 0.0034 | 6,447 €210
70 2848 3l.8 A 23.4| 0.0624 | 6,437 6.22
80 310 Sled : B6.0| 0.0730 | 6.427 Ea 28
90 33.1 50.0 Y 3803 00836 6.416 5024
100 34.9 30.2 30.0 40.3| 0.0938 | 6.406 B.245
120 3%.8 02 45.8| 01140 | 6,386 64265
140 44,0 318 04| 01343 | 6.366 6.28
160 48.3 20.7 B5.2| 01547 | 6.245 6.31
180 BR.2 0.4 30.0 59.4| 041750 | 6,225 Cadd
200 56.1 22,8 63.46(0.1953 | 6,305 6435
220 59.9 31.2 67.7|0.2157 | 6.984 6.37
240 638 300 T1e5| 02360 | 6,264 Ga32
260 66.4 30.0 T80 |0.2566 | 6,243 6.415
280 69.5 | 29.1 78.6|0.2775 | 6.282 Ge.44
00 2.1 0.1 8l.6|0.2975 | 6.208 545
20 4.8 29.7 30.0 84.7|0.23180 | 6.182 6.475
40 772 2041 87.6|0.33886 | 6.1€62 6+50
60 79.2 28.3 E9,8 03090 | 6,141 6.520
80 81.0 30.0 01.9 |0.3795 | 6,120 B 545
400 82,8 | 28.9 | 30.0 03.8|0.4007 | 6.099 6.565
20 84.1 28.5 5.3 04210 | 6,079 6,585
40 86.8 27.8 M2 |0 4412 | 6,059 6.608
60 8%.2 | £9.1 D88 |0+4618 | 6,039 6630
80 8845 27.1 100.2 |0.482 6.018 6 .65
500 89.6 2643 101.4 0.503 5.99%7 6.675
20 9045 20.9 300 102.2 |0.524 5.976 6a70
40 91.1 270 103.1 [0.5445 | 5.986 Ga72
60 02.4 2643 104.4 0.585 5.935 6475
80 930 2547 106.2 (0.5856" | 5,985 6.765
600 Vb 20.1 105.9 (0606 5.894 G« 80
20 b 26,3 10647 [0.827 5.872 6.815
40 0.2 24.9 107.7 (0.648 5.882 G 84
60 05,3 4.9 20,0 107.8 |0.669 HeB31 68.86
80 8.4 2441 10%7.9 Q620 5.810 6.88

Time for 680 reve.- 16 mins ., 80 revs.(1.287 strain) in 1.88mins.

Speed of compressive strain-0.68% per min.
To reduce shearing strenght to speed of strain of 0.365% per min.

use proprotion 48.,65—47.7 ...



Taere | B

" i . = * =
S%ﬁmm-% - b | T /e u [

1
|

o

7

0 0 30.0 2.6 2.6 1.0 27.4 248 2.6
0.085 | 0.98| 31.18 2.9 | 1«9 1.885
0.216 | 2.17| 32,50 29 | 047 438F 20.4| 3.1 0.9
06363 .10 3360 JeB | 0ud| Te0

0.514 3.86 | 24,52 4.2 | 0.4 10,50 30.5| 4.0 0.2
0.682 4.45 35.28 4.6 | 0.1| 46,0

0.821 4,97 35,927 6.5 | 0.5| 11.0 309 | Bl Oel
01975 5.5? 56.12 4.;‘3 *1--0 "4&-3
1.130 5.7? 3627 5;9 “eu.g -6-35 3-0-9 5.‘ wl) o d
1.287 | 6.14 | 36.39 | 6.4 | 0.3| 21.3
1.442 | 6edD | 36.45 | 643 | ~0.2|=31.5 | 30.8 | 5465 | «0.8

1.754 | 7430 | 37430 | 740 | 003|=23.3 .
2.068 8,01 38.01 BuB | @le8| =3240| 3060 T7.35 | «0.65
2.380 | 8.74 | 38.74 Bl | =047 |=11.41 .
2.692 gu 2&7 39&5? 900 ‘*{}¢4 —22 -5 3‘005 k 804 ‘0.6
3Q005 | 10.00 40.00 10,2 | 0.2 51,0
3.32 10&62 40.62 9‘4 "1.2 -7.83 30‘5 10(3 '.Dg;z;
SabB3 11.20 41.20 11.2 | 0 ot
4.27 12.20 42.20 | 13.1 | 0.9 14.57
4.899 | 12.1 43.1 15.4 03| 44.67
S5.21 13.5 43,5 14,4 | 0,7 | 16,0 £D920| 14428 | 0,75
5.585 |13.8 43.8 15.5 | 1.7 .12 .
5.B4 14.05 44.05 1é.1 ] o 28,85 16.2 115
6.16 |14.35 | 44.25 | 15.5 | 1.1 14.1
64485 |14.6 44.6 16.1 1.5 | 10,73 | 28.35| 15.25 1.65
6+795 |14.8 44.8 17.0 2.2 773
710 (14490 | 44.95 | 15.9 | 0.9 | 17.68 | 27.75|17.2 £e29
7.42 (15,08 | 45.08 | 18.0 | 2.9 ol
7745 |15.2 45.2 18,9 37 S.11 | 27.0 |18.2 30
8,006 15.29 | 48,29 | 19.4 4.1 4,73
Be37D |15.36 | 45.35 18.4 3.0 8.1% | 2645 |[18.85 Sud
9.01 15.55 | 45.55 19.8 | 4.3 4.60 | 268 (19475 | 4.2
D33 156,58 | 48.58 | 20.5 | 4.9 4.18
9.65 15.64 45,64 1943 ST D22 | 25425 |20.4 475
2496 . |15.70 | 45.75 20.9 5.1 4.10

10,29 15.70 | 45.70 20.8 | B,l 4,07 | 24,55 (21,15 5.45

10.61 15.656 45,65 Fled | 5.9 Seb4d | 244]1 (21,55 5.9

% values obtained Ly use of best interpolated U eurve.

AL and P.R.lLoad values obtained from calibration curves.

A figured on the basis of constant volume , average avea
over entire length.



J\fbs
/52__ ,’bn= /bx;‘bu + »’51;;59 00’529‘ = /5):.5 AL 2o
’h)’:\ ‘ :b" Dy = -——-——/b‘z'/b" AN2O + Dy o> 20
Q , \l(/bxy
Dn which weduce o
™ _ —r i _3 U——a‘ [T;
U-G 4 5 + 5 Cod 26
Tapre 1€
c—= & 4 Te {Te Te (T:a
STRAIN L 5 2 oN 60° PLANE oN B4° PLANE
€05 20=-0-500;An20 +0-866 | co520:-0614 ; Ain28= + 0. 787

0 246 0 2eb 0 246
0216 2.0 0.285 1.48 Q.86 1.33
0.514 2:1 1.68 1.18 1.50 0,93
0. 821 26 2416 1.356 1.9% 1.06
1,130 2.5 2.81 1.05 Benf 0.72
l.442 Led2 2.79 0+81 2.54 De.d4
2.068 3«38 Sedb 1.36 3edB 0.89
2,692 Je95 J3«85 1.73 3:80 1.21
2« 320 5.00 4.59 2s35 4,17 1.74
3.945 5.85 5.07 2&92 4;6’0 2.25
4.575 6.77 Ded? .61 4,98 288
5.210 750 54,85 4,12 B5.31 SedB
5.840 Bel1% 6.07 4,66 5»,53 3486
6.485 8.45 5489 5.05 B35 4,29
7.100 D72 650 5,98 5.88 D.12
7.745 10,60 6.58 6.4 20 5,98 D.23
8.37"8 11.17 6.64 T34 6,04 G445
9.010 11.97 6,93 8.09 6,12 7.19
V.65 12,57 8.7% 8.66 6,16 V76
1029 1330 G+ 80 B:38 618 8.4%
10.61 20eTe 6.77 9.81 6.16 8.90

using values of U picked from best interpolated c““ﬂ
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Tapre 2

Counter| Proving| Pore U Gham PoRe Area
T8V, Ringg Press. elgfr Load * AL" ® 8g. ins,
: E T
o [*%"31.6| za.0m|l; 012 1.9 o 5.640 | 6.700
10 l4.1 35,0 | 166 [0.00322 | 5,637 | 6.703
20 58,0 320 65.8 [0.00797 | H.632 | 6.708
30 1l2.2 45.5 129.7 0,01204 | 5.628 | 6.71
40 146.0 B2.0 166.4 (0,01862 | 5,622 | 6.718
168.1 55.8 21.1 132.2 | 0.0R263. 5&&14 6.72
2 4.1 60.0 222.4 | 0,0443 5 096 | 6,75
8 204.1 61.9 91.0 2338 | 0.,0039 | 5,586 | 6.76
90 212.0 62.9 | | 243 00,0629 | B.D77 | 6,77,
120 232.2 64.9 R66.2 | 0.0921 | 5.548 | 6.805
160 260.5 67.4 2874 | 01318 | 5,508 | 6,853
180 258.3 67.5 . 296 0.1518 | 5.488 | 6.89
200 260.0 69.7 3038 | 01719 | 5.468 | 6,90
220 271.1 66.1 3106 | 0.,1920 | 5,448 | 6.93
240 264.0 66.6 . B02.,6 | 0.2135 | 5,426 | 6,26
260 258.0 66.1 21.0 2958 | 0.2350.| 5.405 | 699
Counter| Strain = 03 T, /—
rove. % 0~ 0, 0. pai 07 pai 3 pal 0'—/0;
0 0 0.284 91.4 57.4 57.2 1.000
20 0.141 9.808 101.0 62.0 B2.2 1.188
30 0.213 19.02 110.2 64.% 45.7 1.416
40 0330 24,78 116,0 64.0 9.8 1.632
50 0.466 28460 119.7 63.9 35.3 1.810
60 0.624 31.086 122.2 66,2 35.1 1.887
70 0.785 32,95 124.0 64,0 Slel 2058
80 0.956 84,58 126.6 637 23.1 219
l.114 35,9 "125.9 63.0 2.1 2e24
- 1-632 39-1 12{;01 64;2 26.1 2 46
i%g 1.985 40,25 131.2 66.1 26,9 2455
160 2,335 41.9 132.9 65.5 23.6 2775
180 24690 47,0 134,0 66.5 2deD 2.83
200 3.045 44.0 135.0 673 233 2089
240 3.785 42.5 134.5 679 24-4 2.78
260 4.165 42,3 133.3 67.2 24,9 270

200 revs. of counter in 10 mins.
e 60 vrevse. ( 1,095 % strein ) in 3 mins.
oo Tate of axial strein 0.365 4 per min.
This speed is taken as the base to which all others are
reduced,
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Tasre 3A
Proving | Pore U| Chember| P.R. Area
°§3¥§°’ Rins Presa. Press.| Load®| AL® " 8q.ins,
o [~ 15| 1301 J130 px 0 0 5,75 | 6.28
10 £1.0 13.2 128 2345 | 0.0021| 5.78 6.28
20 40,7 13.6 &6 0.000% | B.74 6,29
30 52.1 16.8 130 59.1| 0.0190| 5,73 6420
40 81,4 2048 923 | 0.02790| .72 6.31
80 132 26.9 128,97 15l.4 | 0.0306| 5.72 6431
60 200 Sde7 289 00323 | 5,72 631
70 206.2 44,1 289 0.0376 | B.71 G SED
80 297.8 83.5 129 335.5 | 0.0436 | 5.71 G6.3256
90 329.1 58.8 127.85 6807 | 0.,0506| 5.70 B4
100 3B2.0 639 128.4 294,85 | 0.0886 | 5.69 6.38
£0 bod o b S 74.1 130 4277 | 0.0762 | B.67 6,365
40 407 T7ed 128.4 456 0.0044 | 5.66 6,378
60 421. 3 82.8 128,58 472.5 | 0.11368 | 5.64 6.405
&80 445 82,8 128 498 0.1319 | H.62 B.42H
200 462.1 8%.8 130 Bl6.3 | 0.1508 | 5,60 6.45
20 458.8 86,3 128.2 B45.4 | 0.1689 | 5.58 Ged7
40 49Z2.8 88.3 128,5 549.9 | 0.1891 | B.56 G.46
60 506.1 87.0 128,58 864,232 | 0.2085 | H.54 6.58
80 519.5 0.5 130 B77.5 | 0.228 B2 5545
300 531.7 87.5 128 %042 | 042475 | 5.50 G.5%
20 b4z 89.0 129 600.8 | 0.267 5448 6.59
40 552,11 B6.5 127 .4 6lZ.3 | 0.286% | B.46 6.61
60 861.1 89,2 130 622.2 | 0.3065 | 5.44 6.645
80 870 86.1 128 631e2 | 03265 | Bu42 6,665
20 H585.1 B39 1273 6472 | 0.3665 | 5.38 6,71
40 592.2 86.5 130 6556 0.5865 | B.26 6.735
60 598.3 83.3 128 66l.4 | 0.4065 | 5.34 6.765
80 603 B4.5 128,8 666.5 | 0.427 Ba.32 679
500 607.5 8Bl % 127.8 6716 | 0447 5,30 6.8156
£0 610.8 84.1 130 675 0.4675 | B.2R8 6.84
40 613,73 80.1 128 678 0.488 .28 6.8658
60 612.9 80.8 128.,4 680.7 | 0.508 8.24 6.895
80 618 77.8 1272 EBR2.7 | 0.529 D22 6.925
' ”
% | eaicd |98 |80 |888.2 |8:845° | B:88 | 618998
40 621.5 79«1 129.8 GB6.5 |0.591 516 7400
60 621.7 76.4 127.4 E86.7 |0.612 S.14 T.0£8
80 621.3 T9:7 130.5 686.3 |0.683 B.12 7085
700 621.2 7%:0 128.3 686.2 (0.654 $.10 7.08
20 6205 79.0 129.1 GRB.E [0.675 5.08 7108
40 620 764 127 .4 684,.,8 |0.696 5,05 715
centinued
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TABLE 3A
Counter | Proving | Pore U | Chamber | P.R. Area
rove Rig _ | Press.| Press.| Load ¥ Az L" | Bq.ins,
» tnp K 10 pai .

740 | 620 .4 [G12774 | 684.8| 0.696 | 5.05 | 7.15
60 621.4 807 130 68644 | 0,717 503 7175
80 624.4 7842 128 689.2 | 0.7375| 5,01 T 20

800 627.3 EQeR 128.2 692,77 | 0.7575 | 4.99 724
20 629.6 w9 127 .5 6894.6 | 0.778 4,97 Ve 265
40 622.8 80.9 130 6978 | 0.799 4,95 T30
60 G662 T8.7 12842 7013 | 08195 | 4,93 7« 528
80 638.6 80.1 129 704 0.840 4.91 736

900 640.9 70 12% T06.5 | 0.860 4,89 Ted9
20 643.6 80.6 130.4 T09.4 | 0.8805 | 4.87 TedZ
40 645.9 78,0 128 711 0.901 4,85 7«45
60 648. 797 129 714.8 | 0.922 4.83 7475
20 6561 778 12%7.2 T17.7 | 0.942 4.81 7.505

1000 653.1 82.0 130 720 0,963 4.79 754
20 | wee
40 658,3 80,0 i29 726 1.003 4.75 760
60 66042 778 127.1 728 1.028 4,73 763
80 661.8 0.6 130 729.8 | 1.043 4,71 7.66

1100 663 79.0 128 731 1.084 4.69 770

TaBLE 3B

Counter| Strain " T T 0/

reva. % 4 g'gi 0 paé J paL I o /6—3
0 0 0 130 117 117 1.00
10 0.036 Se74 131.7 118,85 115 1.08
20 0.1%72 732 138.2 121.8 114.5 1.063
30 0.32 .88 139.4 122.6 113.0 1.084
40 0.4% 14.61 144.6 123.8 109 14136
50 0.533 24,0 152.7 126.8 102.8 1.232
60 0.58 3643 164.4 122.7 94 1.378
90 0.655 45.% 17%.8 129.% &4 1.543
80 0.76 83.0 182 128.5 755 1.702.
30 0.88 58.4 185.9 127.1 68a7 1.88

100 1.02 62.1 190,.5 126.6 64.5 1.963
20 1.328 67.2 197.2 123.1 55.9 2,2
40 l1.64 71.5 199.¢ 122.86 51.9 2.36
60 1.9786 73.8 202.,3 119.5 45.% 2.616
80 2,29 77.5 205.5 122.7 45.2 2.715

200 2.625 80.1 210.1 122.3 42.1 20905
20 2.94 B4d.3 212,56 126.2 41.9 de01
40 329 Fd o9 213.4 125.1 40.2 3410
80 Se63 86.5 215.0 1238 41.5 5085
80 397 B8.2 218.2 12%.7 395 Sel3

40



TaBLE 3B
Counter| Strain == = T, i
revs. % A OEPM. aJ; pae 0 Bk T, posi /G:
80 3.9% 88,2 218.2 127.% 39.5 323
300 Ge3 89,8 217.8 130.3 40 .5 Se22
20 4.65 91.25 220,2 131.2 40 328
40 4,99 92.6 220 13245 40.9 Seld
60 5.34 93.6 2283.6 134.4 40 3436
80 5.68 94,7 222.7 136.6 41.7 Jel8
400 6.03 95.% 224.2 136.9 41.2 3. 325
20 6.38 96.4 223.4 139.5 43.4 Se22
40 6.72 e 227.3 140.8 43.5 3.24
60 7.08 7.7 228,% 142 .4 44.7 3«19
80 T.43 98,25 229 142.5 44.3 3.22
500 7.78 98,5 226.3 145.3 46.8 3,108
20 8.14 8.7 228.7 144.6 45,9 SelB
60 8.84 98,7 227.1 146.3 47,1 Jell
80 9.20 287 225.9 148.1 49.4 Z.00
600 9,55 8.6 228.6 147.6 49 3.01
40 10.29 98.1 2276 148,85 50.4 2.95
60 10.64 978 2256,2 148.8 5l.4 20895
80 11.00 973 227.8 148.1 50.8 24915
700 11.37 7.0 226.3 148,.3 51 2.91
20 11.73 6.5 22046 146.6 50.1 2.925
40 12.11 95,8 2R3 2 145.8 50.1 2.91
60 12.48 95.7 225.7 145.0 49.3 2.94
80 (l12.81 95.6 22346 147 .4 49,8 2.92
800 13.18 98.6 224.8 144.6 49 2986
20 13.52 5.6 2231 l46.1 5065 290
40 13.9 95.6 22846 | 144.6 49,1 2.95
60 14,25 3548 24,0 145.3 49,5 2.94
&0 14.6 96,0 228.0 144.9 48,9 2.986
900 14.96 987 222,7 145.2 49,5 2935
20 15.31 2b46 226 144.4 49.8 2.90
40 (15.68 96.5 223.5 145.5 80 2,91
60 16,02 95.6 224.6 144.9 49.3 2.94
B0 16.39 95.6 222.8 145.0 49,4 2,935
1000 16.74 985.5 225.5 143.5 48 2.99
20.. b
60 17.80 28.5 228.6 l44.8 49,2 2.935
80 18.15 953 2285.3 144.7 49,4 293
1100 18,51 95.0 223 144 49 2294

1.065 % strain in 80 revs. , in 3 mine.
o+ 8peed of axial strain - 0.355 £ per min.

negligible correction for speed.
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Tasre 4

Horiz. | Vert.Proving | P.R. Rate of

Time Dial |Dial | Ring |Load +|T psi str;u ?Strai:n
o s o e
( motor at full speed ; 1:150 additiomal gear ratio )

1/10p«m. o 955 0 0 0
1/42 1.8 | 958 80 30 3483 | 04,06 0.00158
1/47.5 3.0 | 959 68u5 | 24.2 | 3.80 | 0.10 0.,00690
2/00 6.1 | 961 Ble? | 4048 | 4454 | 0.203 | 0.00845
2/3% 21.0 | 966 | 106 B2.4 | 5482 | 0.700 | 0.,01342
3/00 31eS | 964 | 111.5 | 55.0 | 6.11 | 1.050 | 0.01522
3/38 49,3 | 962 | 118,1 | 5841 | 6.46 | 1.642 | 0.,01695
4/00 6l.2 | 962 | 1R82.2 | 60.1 | 6,68 | 2,040 | 0.01589
5/36 115.0 | 920 | 134.0 | 65.8 | 7.31 | 3.832 | 0.01869

( motor at lowest speed ; 1:150 sdditiomal gear ratio )
5/3%7 115.6
7/49 17343 885 141,82 69.7 775 5,977 0.01458

( motor at full speed ; 1:150 25 additiomal geer ratio )
/52,5 174.8 |
8/00 175.5 | B8B83 | 135,00 | 66.3 | 7.27 | 5.850 | 0.00307
10/59peme | 17848 | 879 | 138,7 | 68,1 | 7.57 | 5.960 | 0.000615
9/16a.me | 19243 | 872 | 14542 | 714 | 7.93 | 6.410 | 0.000729
12/48peme | 197.2 | 867 | 14445 | 71.0 | 7.89 | 6.573 | 0.000769
4405 20049 | 866 | 144.5 | 71.0 | 7.89 | 64,697 | 0.000625
9/02 20648 | B63 | 145.0 | 712 | 7.91 | 64893 | 0.000663
9/12a.ms | 22146 | B57 | 14642 | 714 | 7.93 | 7.287 | 0.000675
1/09p.ms | 22648 | 854 | 14448 | 71.1 | 7.90 | 7.560 | 0.000730

24 2328 | 858 | 145.0 | 71.2 | 791 | 7.760 | 0.000635

( motor at lowest speed ; 1:150 additiomal gear ratio )

6/32 233.1 15140 | 74,3 | 8.26
6/40 236.0 | 851 | 149.5 | 73.6 | 8,18 | 7.867 | 0.01385
6/46.5 240.0 | 850 | 147.5 | 72.5 | 84,08 | 8,000 | 0.02048

Pe.Ro.lLoad obtained by use of calibraiion curve for the proving
ring.
T rei based on assumption of constant oross-sectional ares
( 9 sq.ins,. )
Rate of strain computed as average between any two successive
sets of readings.This becomes necessary because the motor une
fortunately does not keep at constant speed,although supposed to.
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TasrLe 5
x2/3-Speed J
comparable | Proportion,Shearing Shearing
Rate of to that to reduce |Strength Strength
T ghearing | of axial Tiar 88 at at
i Strain strein in | bese speed | actual base
pi | % per min |eylimdrical % speed | speed
compression pac pai
10 0000675 | 0,000478 | 40.7— 47.7 .24 6s14
+ 0.000075
15 0.000%3 0.00048% 4047 — 477 793 0629
+ 0.00006
0.015 00090 B340 —=4T7 8o 26 bt P
t 0,002
20 - 0.000924 0.000482 40.7 — 4.7 980 11.50
+ 0.000020
26 0.00086 * | 0.00057 40,85—47,7 12,20 1463
30 000101 000070 41.0 —4%.7| 14.88 | 17.2
+ 0.00010
40 0.000712 | 0000475 |40.7— 47.7 17.95 | 21,086
t 0.000020
+ 0.00014
70 0.667 * 0.445 47,9 —47.7 367 3646
0.0006556 | 0,000436 |40.6— 47.7 3l.1 3645
70.5 | 0.00077 0.00080 40.75—>47.7 331 387
+ 0.00003 |
0.0158 0.01055 43ed — 477 35.4 38.9
t 0,004
90 0.000725 | 0.000485 40.7— 477 40.8 47,88
1 0.000020

* Ollained by we of fig. VU P44 | Tunth Progresy Feporl

47



‘SSYW 'TOOHAWYI “IAY SSVI oF A S D °H'3YOI1S A90TONHDIL




C

‘SSYW '3901HaWYD "IAY .wm; By 'S ‘D H '3OLS AS010NHDIAY,




SSVW ‘32aIHEWYD “IAY “SSVW OF 'S."3 H "3¥01S A90TONMDSL LT wao4



——

=

i

g

ple ¢orva

SSYW '3O0MEWYD "3a ‘SSYW OF

*S "2 'H'3YOLS A9OTONHIIL - 1T waod



EnEE ARy 4R

S

S

= -

¥ . : i
—u y SSYW 'IOQIHawWYD "3AY ‘SEVW o 5 _U_.H.I;wmo.ﬁ ASOTONHIIL 1T wiod



53

TasLe ©

Correction for computations in the Cylindrical Compression
Tests, discarding the assumption of uniform bulging through-
out the length of the sample, and replacing it hy the more
sound and legitimete assumption of the bulging due to ®@om-
pression taking place only in the middle portion of the sam-
ple 3 the fraction representing this "middle portion® is
estimated by eye in each of the three cases. It obviously
does not represent mccurately the true conditions, but should
logically bring the result much closer to ite proper value.

TABLE 6A
for Test #1; assumption that agfactive length of sample is
Vﬁ of the eylinder length. 1L-5.200 $§ A=6,1625°

Stain®| AL’ B A" [PRLood| -0 il [ pse | [ psi | T psi

.01 | 0.585 | 4,615 | 6,95 | 105.2 | 15,14 | 45.14 | 19.34 | 4.20
9465 | 0,627 | 4,573 | 7.01 | 106.7 | 15,20 | 45.20 | 19.95 | 4.75
9.96 | 0.648 | 4.552 | 7.05 | 107.0 | 15.27 | 45.27 | 20.37 | 5.10
10,29 | 0669 | 4.531 | 7.08 | 10748 | 15,21 | 45.21 | 20.66 | B.45
10.61 | 0.690 | 4.510 | 7.12 | 107.9 | 15.15 | 45,15 | 21.05 | 5.90

-mcngé-;-?ré— = __5:27 = 0599 . - 3648
1 3

-0 1+ein@) - §,(0.401) = 8.17 psi
tan §-0.748 .. U= 0 tand:-6.11 pei
and ecorrecting for speed &a.ﬁﬁ-r47.9;11= 5.99 pei
To draw Mohr Diagram corrected for speed :
tan §- 232 = 0.733 ; @- 36'15' .. 6-45+% - 63° 7.5
+s tam €=0.5068

—

0, = 8el7 = (5.99)(0.5068) = 5,14 psi

0.- 827 + oes = 19:98 pat

Correction for Test #2

Volume correction ;- Volume of water drained in consoli-
dation was 2.37 cu.ins.. It is usually found that only about
2/3 of the amount thus measured is actually drained from the
sauple, the rest being water that seepfs into the sample
through the rubber gasket ..which is perhaps permeable ,
however little,



The test data available is too scant to allow any definite
assertion on this score ; had there been no leakage at sll,
the total volume of water drained,in consolidations for Tests
# 2 and # 3, could have been checked against the drop of
water content. ( But the cement used to attach the nipple to
the rubber gasket gave way .. twiee over .. during the process
of comsolidation after Test § 2 :so this was mot possible ).
The only way of checking is by computing the water content for
Test # 2 under each assumption :~ (1) no appreciable seepage
through the rubber gasket ; (2) seepage through the rubber as
outlined above: and then deciding which is the more reason-
able from a study of the plot of water content va., logaritim
of shearing strengith..

Maybe it is duye to the fact that the rubber used was 03025
thick rather than the 0010 used in previous investigations,
based on which the above assertion was made : maybe it is due
to something else.. But the fact is that in this test the ags-
sumption of no apprecisble scepage through the rubber gasket
seemes much tter.

Volume = 40.005 « 2,37 = 37.68 cu.ins.

Original ares = % = 6.69 sqeins.

Ratio of ares st middle to average area due to bulging

oceurring in Test # 1 = -%:%%‘ = 1.035

Assume bulging to take place in 374 height of sample:- 48230
Using value of pore pressure from best interpolated curve.

Stxain % AL" " A°" |PR Load *| -0z poi| @ px | @, p¢ 05 p
«085 [ 0.172 | 4,058 | 6,97 | 303.8 | 43.6

3405 | 0,192 | 4,038 | 7.01 | 31046 | 44.3 | 135,323 | 67.9 | 23.6
D785 | 0213 | 4017 | 7.06 | 302,686 | 43,0
€.160 | 0235 | 3,990 | 7.08 | 295.8 | 41.8

Using the correction factor for Ares at middle sinde failure
plane developed near the middles«(i-0;-42.8, (-133.8, (766.4 psx

oin - $528-0.476 .. ¢-28'22' ; tan §-0.5398

0r=(1.478)(23.6) - (0.525) (66.4) = 34.8 psi
T.-(0.5398)(34.8) = 18.8 pei

54
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Correction for Teast #3

Volume correction :« Computing the volume by measuring the
average circumference and height of sample (before final con-
solidation to 120 psi) and then subtracting the volume of
water drained out during consolidation, V= 36.12 cu.ins.
Computing it by use of the water content (at the emd of Test#S)
V =35.9 Cueinsee.. Hore again this is an indication that there
is no appreciable seepage through the rubber gasket.

36
Using Volume - 36.0 cu.ins.; Original ares - 5o4® - 6.26 sq.ins.

Ratio of area at middle to aver., ares in Test #2 = %:% = 1l.012

Due to Tests #1 and #2 combined , ﬁﬁrf*ggidl“ =1.035 x 1,012

Vhich checks with messurements =1.049

 (23.88) _
of circumference : %‘2’:’:—:_5%}*— = 1.08

Using wvalue of pore pressure from best interpolated curve.
Assume bulging to take place im 1/2 height of sample;~- 2¢88

TABIE 6C
Stain®| AL" | L" | A® [PRleady| (-6 ] 0 psi | T pi | B po
6.38 | 0,366 | 2,614 | 7.18 | 647.2 | 90.2
6472 | 0386 | 2,494 | 7.24 | 655.0 | 90.4
7.08 | 0.406 | 2.474 | 7.30 | 661.4 | 90.6 | 218.6 | 134.4 | 43,8
7443 | 0,427 | 2,463 | 7.36 | 666.5 | 90.6
7.78 | 0.447 | 2.433 | 7.42 | 671.6 | 90.5
Be14 | 0.467 | 2.412 | 7.48 | 676.0 | 0.3

Using the correction factor for Area at middle sinece
failure plam s developed near the middle :=-

(-G=-86.4 5 (=214.4 3 §;-130.2 3 (,-43.8 psi.
.mcp=f$-:-‘- = 0.4968 .. ¢-29"46"; tan - 0.5719
(- (1.4966) (43.8) = (0.5035)(130.2) - 64.7 psi

T« (0.5719) (64.7) = 36,9 psi.

T™he values obtained in these computations are used in
the final study ef the correlation with results as obtain-

ed from the Brained Direct Shear TestB...
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APPENDIZX
Miscellaneous data obtained in the various tests snd used
in computing the results thereof.ee..

Observations made in commection with the Cylindrical Come
presasion tests .
At start :~ length of cylinder = 6450
eircumference = 8.8047 .. dismeter - 2.80
whence, Area = 6.1625" and Volume - 40,056 cu.im
Weight of oylinder (+gasket,ring,rubber stopper)=- 1314 gm.
Weight of gasket,ring, and rubber stopper - 3I6.lgm.
Water content determinetions :-

Watch glass I 1§ il v v
Wt. of dish wet sample |28.495 [24.035 28,665 [37.580 |50.635
Wte of dish dry sample | 26,734 |[22.500 |57.330 |35.969 (38.278
Wte of clean dish 21123 |17.590 (33,075 |30.876 33,993

1,761 | 1535 | 1.335| 1.611 | 1,357
5611 | 4.010 | 4255 | 5.003 | 4.2886

= 31@3&% 31.25% 51058% 31.65% 51065%

Vater content

L]

Average water content - 31.46%

Process of reconsolidation to 60 psi for Test # 2

Lﬁ) T Poxe Burelle readings ﬂi&;m of walex
L tehh uhe ; codhed oul
ay ime B %&P“ 0, @ erelfing ?_g.sn o)
6‘10*46 515 Dellle €0.0 % 45,556 o8 o
Gelle46 1010 a.ne 368 25.45 48,38 2010 cee.
fwlledt 4,10 Pslle 363 46,20 46,20 2:15
G=llm4E .00 aems | 25,7 30480 48,20 635
6=13=46 10.00 a.m. | 13.4 42,85 48,50 D65
6uld=48 9.15 a.m. 7.0 §5.75 49.50 2,75
GwlBw46 .20 a.me Seb 4790 50.00 1.60
6ml5=46 1.30 petie 30 | 49.80 | www=e 020
33:56“05.
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The height of the sample im Test # 2 was obtained by noting
the number of counter revolutions corresponding to the ne-
cessary tﬁvel of the "compressing head” to reach the top of
the sample..

Process of consolidation to 120 psi for Test #3

Readings corresponding to those detziled in the table sbove
were takem § at the end of three days, after draining about
30 ot+, the pore pressure still was gWo 110 psi ..y which
was a clear indication of a leak .The cement used in attache
ing the nipple to the rubber gasket had failed.

The sample was very carefully removed and taken to the
humid room. The pilot was carefully extracted. The rubber
gasket was cautiously removed after being slit down its
lenghth with a sherp rasor-blade. A new gasket was put on,
avoiding ,as far as possible, any disturbance to the sample.
The pilot was carefully inserted in the same place it had
previocusly occupiled.

The process of consolidation was atarted over again. How-
ever, the same trouble arose sgain after a couple of days.

This time a new cemant was tried. The gasket and nipple
being (supposedly) pure rubber, the Glover Coating Co. (im
Boston) recommended the use of their Cememnt § 140 instead
of the Goodrich Tyre Cement which hed been the cause of so
much trouble. This new cement was found to be entirely
satisfactory.
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Weight of sample + gasket - 1412.8 gm.

Measurements taken on sample : height - 6.00 ins.

Circumference at five levels ; 23,00323,303235,080323,30525,05¢cms
Average circumferenge = 23,32 cms.

Whence : diameter - 2.92 - 2(thickmess of rubber)- 2.87

Height of sample after consolidation - 6,00 = 242revs.- 5.75

Pore Buelle zeadings Yobume of walex
D CI.H Tl. me Pren b::: b D) @ atf,b@u&'ﬂ-g d\ié " cd@ouf

Teded6 | 4000 pems | 130 cwmwe | 50400 | emw-=
Y=de=dE 10,00 a.ms | 78.4 29,55 50,00 | 20.45 oo
Tw=B=df 0.20 gem. | 42,0 3740 50.00 | 12,60
Tobudd 10,15 pems | 7.0 46,10 50.00 390
Tufudl Cedd a.me | 19.0 47,60 50.00 2.40
VTl 9230 a.m. 0.0 47 .28 50.00 2475
TweBud P15 @ems 4.5 48.%5 50,00 l-ﬁg
7‘9*‘6 9.45 Sellle 10? 49. 5 e Qa7
zz.ﬁﬁ CCe

Volume during Test #3 = wxﬁ -(g‘ﬁ)

= 38.32 w 2,70 = 36,12 cu.ins.

Vater content determinations at end of test -

Weight (with top eww,pilat,gnsht) = 1391.8 gms,
top cover,pllotsgasket = _ _184.5
Weight of weti sample =  120%.3 gms.
Dividing the sample into three portions :-

Dish 1 I T 2
Vteof dish wet sample 516 590.8 (422,28 ||1538
Wi.of dish dry sample 43644 | 502,8 |361.7

Wt.of dish 108.7 | 108.8 [115.,1 | -332.6

1

Water content

79.6 | 97 80,5 [ 12954
3'2%:'7 394 24e.¢ =

| = 24.3% 24.6%| 24.5%
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Calculation of water content for Test 2.

Volume at start - 656 cc.j water content = 31.46%
Vee Wam. Wt.of wet sample-1214-36.1 = 1278 gme.
306 306 {whenee 22,78 )

Check on dry wt. of sample :-

350 972

= 3277 + 394 + 246.6 = 968.7 gmo.

I

For Test #2:1- wt.of water = 306-38.8 = 267¢gm
o'. (0 = %% = 2?05%
Or, assuming that only about 25 ¢c. are actually drained

656 1278

out of the sample: wt.of water = 306-25 - 281 gms.
Gows #2 = 28.0%
Check on the volume for Test #3, computing from water content”
Wt. of water =(970)(24.5%) = 238 gms.
o+ total volume of sample = 350+238 = 588 ec. = 36.9 cu.ins.
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Unload | Xoad | Uaload | Load | Unboad | Zoad
740 | 671.2|| 671.0 | 671.3 || 671.0 | 671.2|| 671.0
720 | 653.5|| 653.0 | 654.0 (| 653.1 | 663.8| 653.1
700 | 637.0|| 634.7 | 63645 || 635.1 | 6236.7|| 635.0
680 | 617.5|| 615.0 | 616.7 || 614.9 | 616.9|| 614.9
660 | 600.5'| 597.0 | 600.0Y| s97.1 | 600.2Y| 597.1
640 | 582,2 | 578.2 | 582,5 | B78,5 | 582.3 | 578.4
620 | 563.3 | 558.8 | 563.6 | 559.4 | 563.5 | 550.2
600 | 545.2 | 541.0 | 544.5 | 541.5 | 544.7 | 541.3
580 | 522.5 | 521.7 | 524.0 | 522.0 | 523.8 | 522.0
560 | 504.3 | 520.0 | 505.8 | 582.0 | 505.6 | 502.0
540.| 486.6 | 483.6 | 487.7 | 484.0 | 487.5 | 483.9
520 | 468.8 | 466.4 | 469.4 | 465.9 | 469.2 | 465.7
500 | 450.0 | 446.8 | 450.5 | 446,8 | 45043 | 446.8
430 | 429.5 | 428.,0 | 430.5 | 428.0 | 430.3 | 428.0
460 | 412.9 | 410.5 | 413.6 | 410.5 | 413.4 | 410.5
440 | 396.0 | 392.5 | 396.5 | 393.1 | 396.% | 392.9
420 | 378.0 | 374.4 | 377.9 | 30444 | 377.9 | 3744
400 | 360.4 | 256.4 | 360.0 | 356.7 | 360.2 | 356.6
380 | 341.5 | 339.0 | 342.0 | 339,0 | 341.8 | 339.0
360 | 324.0 | 320.0 | 323.5 | 320.1 | 323.7 | 320.1
340 | 305.6 | 201.3 | 304.8 | 301.5) 205.0 | 301.4/
320 | 287.6 | 282.8|| 287.1 | 284.0|| 287.3 | 284.0
300 | 269.6 | 265.5 || 269.6 | 265.5 || 269.6 | 265.5
200 | 177.1 | 173.0 || 176.4 | 173.0 || 17645 | 173.0
100 | 91.5 | 88.0|| 90.7 | 88.0|| 90.8 | 88.0
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LIGHT PROVING RING,DIEECI
# Proving Rineg Reabing
Load | abiga | Zosd | Brilbel | i | Uil | Had
250 | 511.4)| 511.0 | 511.1|| 511.1 |511.2 || 511.0
240 | 491.3|| 490.5 | 491.0|| 490.7 | 491.2|| 490.6
230 | 471.0(| 469.8 | 470.9|| 470.0 | 4v0.9 || 469.9
220 | 452.7|| 451.1 | 452.6|| 451.3 | 452.6 || 451.2
210 | 432.0"| 430.7 | ¢32.0Y| 420.9 | 432.0Y| 4z0.0
200 | 411.3 | 409.5 | 411.3 | 409.9 | 411.3 | 409.7
190 | 390.8 | 389.0 | 391.0 | 389.4 | 390,09 | 389.2
180 | 371.2 | 369.0 | 371.5 | 369.5 | 371.4 | 369.3
170 | 350.9 | 348.5 | 350.9 | 348.7 | 350.90 | 348.6
160 | 330.5 | 328.0 | 330.5 | 328.2 | 330.5 | 328.1
150 | 310.0 | 307.8 | 310.2 | 307.8 | 310.1.| 307.8
140 | 289.0 | 286.3 | 280.3 | 286.7 | 289.1 | 286.5
130 268,2 2686,9 E68.5 2660 268.4 266.0
120 | 248.2 | 245.8 | 248,2 | 246.0 | 248.2 | 245.9
110 | 227.8 | 224.2 | 227.0 | 224.4 | 229.4 | 224.3
160 | 205.0 | 202.5 | 204.8 | 202,56 | 204.9 | 202.8
90 | 1B4.4 | 182.5 | 18%.8 | 192.9 | 184.0 | 182.%
80 | 164.2 | 162.3 | 163.6 | 162.1 | 163.8 | 162.2
70 | 143.8 | 142.4 | 143.2 | 142.2 | 143.4 | 142.2
60 | 123.7 | 122.0 | 123.1 | 121.9 | 1283.5 | 121.9
80 | 102.2 | 100.8)| 101.9 | 100.9)| 102.0 | 100.9 4
40 | 8.1 | s0.0|| mo.0 | s0.0|| s1.0 | 80.0
30 | 61.0 | 60.0|| 60.9 | 60.1|| 60.9 | 60.1
20 | 40.4 | 40.0|| 40.2 | 40.0|| 40.3 | 40.0
10 | 20.4 | 20.3|| 20.4 | 20.1|| 20.4 | 20.1
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CALIBRATION OF HEAVY PROVIBE RING, DIRECT SHEAR MACHINE
+# Proving Rineg ReAping

1000 | 197.2|| 196.8 | 197.0(| 196.8 | 197,0(( 196.8
980 | 193.0|| 182.7 | 192.7 || 192.7 | 192.9|| 1928.7
960 | 189.1|| 188.8 | 188.8| 182.8 | 189.0|| 188.8
940 | 184.9|| 184.,5 | 184.5| 184,4 | 184.8|( 184.5
920 | 180.7|| 180.0 | 180.2 || 180.,0 | 180.3|| 180.2
900 | 176.6(| 176.0 | 196.1 || 176.0 | 176.,3|| 176.0
880 | 172.9y| 172.3 | 172.4y| 172.3 | 172.6/| 172.4
860 | 169.0 | 168.3 | 1685 | 168.,3 | 168.7'| 168.4
840 | 165.0 | 164.5 | 164.7 | 164.56 | 164.9 | 164.5
820 | 16l.1 | 160.4 | 160.9 | 160.,5 | 161.0 | 160.5
800 | 157.3 | 106.6 | 1D6.9 | 106.6 | 157.1 | 156.7
780 153,2 152.5 162.9 162.6 | 168.1 | 152.6
760 | 149.8 | 148,05 | 148,9 | 14B8.6 | 149.0 | 148.6
740 | 145.5 | 144.8 | 145.0 | 144.8 | 145.0 | 144.8
720 | 141.8 | 140.9 | 141.3 | 141.0 | 141.5 | 141.0
700 | 138.0 | 137.0 | 1357.6 | 137.1 | 137.7 | 137.1
680 | 134.0 | 133.2 | 135.7 | 133.3 | 133.9 | 133.3
660 | 130.0 | 129.4 | 129.8 | 129.5 | 129.9 | 129.5
640 | 126.3 | 125,68 | 1285.,9 | 125.6 | 126.0 | 125.6
620 | 122.4 | 121.7 | 121.9 | 121.7 | 122.0 | 12l1.8
600 | 118.5 | 117.7 | 118.0 | 117.8 | 118.1 | 117.8
580 | 114.4 | 113.8 | 113.9 | 113.9 | 114.0 | 113.7
560 | 110.4 | 109.6 | 109.9 | 109.9 | 110.0 | 109.%
540 | 106.7 | 106.0 | 106.2 | 106.2 | 106.2 | 106.0
520 | 103.0 | 102.3 | 102,5 | 102.5 | 102.5 | 102.3
500 99.2 | 98.5 98.8 98.8 98.8 9E.5
420 98.2 94,8 98.0 95.0 95.0 98.9
460 91l.4 909 91.0 91.1 91.0 90.9
440 87.5 87.0 87.2 879 87.2 87.1
420 83.8 83.1 85,3 85.8 83.4 e
400 80.0 79,3 78.5 9.7 79.5 7963
380 7640 75.4 75.8 76.8 75.9 75.6
260 72.0 71e3 | 719 719, 71.8 71.6
540 63.0 6?04 i 67.8 67.8 6709 67.6
320 64.0 63.4 [ 63.8 6.8 63.8 €65.5
300 60,0 59.2 59.8 59.8 59.8 50.4
280 58.9 $6.1 55.9 £5.8 56.8 56.4
260 51.8 51.0 51.8 61.6 Bl.6 51.1
240 47.8 4%.2 47.8 47.7 47.9 47.3
250 44,0 43.5 43.8 43.9 43.9 43.6
200 40.1 39.8 398 40.0 40.0 9.8
180 36.1 35.8 36.2 36.2 36,0 35.9
160 3242 3le8 || 3J2.1 SEe S 523 Sl.GJ
140 28.3 29.8 28.4 2843 £8.2 27.9
120 24,2 23,8 24,3 24,2 24.2 2349
100 2042 19.9 20.2 202 20.2 20.0
80 16.2 15.9 16.2 16.3 16.3 16.0
60 12,2 12.0 12.2 12,3 12.2 12.0
40 861 8.0 8.1 8.4 8ol 79
20 4.2 4.0 4.2 4,2 4.1 39

—
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i
Note on symbols used. 0

The symbols and notathons used are the Q@ns ag those used
in the reports of the "Cylindrical cqnwr&psinn Research
Program on Stress-deformation and Btrengﬁﬂ Characteristics

of soils ", They are in general agreement s-ith those adpp=~
o
ted by the American Society of Civil EngineqTs.
\




