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hydrostatic wlith respect to the water-level in
the upper sandlayer R.y.

Section 34 (Left Bank) fig. 2e.

Independent watertables are found in the
layer Pl, of fluviatil origin and in the sand-
layer R2b'

In the claylayer R,, was put the closed

iezometer C. Although located very near the

ase of the claylayer, it doean't show any in-
fluence of the waterlevel in the lower sand-
layer, but the recorded pressure is nearly hy-
drostatic with respect to the waterlevel in the
upper pervious layer Pll.

In the claylayer Rlc were put the closed

piezometers A and B, which give nearly hydro-
static pressures with respect to the water-level
in the upper sandlayer RZb'

GENERAT. REMARK.

All of the piezometers are not more dis-
tant than max 10 m from the trangversal drains,
Some are even located at only 4 & 5 m, from
these drains. In spite of these very short dis-
tances, the piezometers located in the clay-
layers, and even those located in the clayey
layers, are practically not influenced by the
existence of these drains. At the contrary the
waterpressures in all the sand- and gravel-
layers are very influenced dy the same drains.

GENERAL, CONCLUSION.

The waterpressure measurements performed
at Godarville and Eigenbilzen indicate that in
case of claylayers located between more per-
vious layers, in which exist two independent
water-tables, the waterpressures in the clay-
layer are practically not influenced by the
water-level in the lower pervious layer, but
are generally nearly hydrostatic with respect
to the water-level in the upper more pervious
layer. These results are surprising, because
the waterpressure in the clay should be expect-
ed to be a mean between the upper and the lower
watertable. The much higher recorded water-
pressures are a very peculiar fact for the
stability of slopes in claylayers. When deep
cuts are to be made in such layers it is thus
suggested to control the waterpressures in the
claylayers by means of closed piezometers,
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LOADING TESTS ON CLaY

llc3

STEN ODENSTAD

The Royal Swedish Geotechnical Institute.

SYNOPSIS.

This report deals with the strength of
clay. In certain borderline cases, where
ground rupture has occurred at a known load,
the strength according to computation by
tentative sliding surfaces is compared with
the strength obtained in the laboratory by
nonconfined compression tests and by Swedish
cone tests on undisturbed soil samples taken
from the same ground. A hypothesis is stated
for the relation between the strength of the

soil sample and that of the native soil, in-
dicating in principle how strength of soil
may be obtained,

INVESTIGATIONS.

In the laboratory, nonconfined compres-
sion tests ere made on "undisturbed" soil
samples according to fig. 1. The vertical
normal stress is increased from zero until
either reel rupture occures, usually in an
inclined sliding surface, or the height of
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the semple has been decreased 10%, this strain
being considered equivalent to & real rupture.
During the test the soil sample is placed in
paraffin oil, preventing it from drying, The
tate of the loasd increase is 0,05 kg/cm2h.
For such fine-grained clays, as are now in
question, this rate 1s great enough to render
the consolidation of the sample negligible.
The strength according to the test is Tpgy=
/2 at rupture.

The cone test is another method of ob-
taining the strength of clay, which to some
extent is used in geotechnical laboratories
in Sweden and also in the other Scandinavian
countries. In this test one observes how deep
a smell metal cone with sharp point sinks in
the soil sample, when released from the posit-
ion where the point touches the surface of the
sample. By means of stability computations of
known borderline cases, where the soil is con-
sidered to be near rupture, one has obtained
a relation between the impress depth of the
cone end the strength of the soil. This re-
lation is different for different kinds of
cleay.

i Usually the strength, according to non-
confined compression tests in the laboratory.
is lower than the real strength of the soil
according to computation with sliding surfaces.
As an example from practice a stability com-
putation for a slope of a clay pit in a brick-
yard at Falkenberg (fig. 2) may serve. The
slope is 14-=15 m high and very long. After a
slide, which raised the bottom of the pit 2
or 3 m, a geotechnical survey was made, the
results of which are shown in fig. 2. The na-
tural ground, in which the pit is dug, has a
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top layer of sand, 7 m thick, and under it
down to a @reat depth clay and silt with thin
layers of "mo" (grain size 0,2-0,02 mm). A
8tability computation was made for the ten-
tative sliding surface shown on fig. 2, as-
suming that the slope before the slide was as
shown by a dashed line on the figure. Giving
different importance to the different soil
samples according to the length along the
sliding surface which they represent, the
average value for the cone tests is 0,52 kg/cm2
and that of the nonconfined compression

tests 0,28 kg/cm2. The stability computation
shows that the shear stress along the ten-
tativa sliding surface_in the part through
the clsy is 0,51 kg/cm?, snd thus in accord-
ance with the cone test but greater than the
nonconfined compression test. These results
are representative for many such cases.

In order to investigate further the re-
lation between strength according to stabil-
ity computations and strength according to
laboratory experiments the author has made
loading tests on clay in the field. These
tests were conducted in pits 1,1 m deep and
2,0 m square, which were cut through the dry
crust to the underlying soft clay. In the
test place the ground has never been consolide-
ted by any overburden. The soft clay was homo-
genous in the thin layer, the strength of
which was tested. The test slab was made up
of steel beams and steel plates and was rigid
compared with the clay. Its area was 2,0 x 0,4m
Bquare, end it was placed on the levelled
bottom of the pit along one of the sides. The
load was applied on the centre of the slab
from a steel bar 1 m in height, which had a
bearing at each end and which before the test
was made exactly vertical with water-level.
The load was produced in a speciel loading
test device by pouring water into a barrel,
the total weight applied to the steel bar
being enlarged 10 times by a lever arrangement.
Tbe device was arranged in such a way, that
only the load from the test slab acted on the
tested earth volume. The load was increased
at such a rate, that the rate of the shear
stress increase in the presumed sliding sur-
face was the seme as in the nonconfined com-
pression test. The sinking of the sladb was
measured by micrometer dials at its 4 conters,



and the raising of the pit bottom beside the
slab was measured at 8 points along a line at
right angles to the length of the slab drewn
from its centre. The load was increased until
ground rupture occurred. The rupture was very
distinct as seen in fig. 3, which for one of
the tests shows the sinking of the corners of
the slab and the corresponding load. The load-
ing tests were made in 9 pits.
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The load at rupture bveing q, the shear
stress 7 g in the circular arc sliding surface
is computed to 7p = 0,173 q the stabilizing
moment of the shear stresses in the end faces
of the moving soil mass being taken into ac-
count. In each test pit 4 soll samples were
takén, on which nonconfined compression test
and cone test were made in the laboratory.
The results from the loading tests snd the
laboratory tests are collated in fig. 4. The
results of the nonconfined compression tests
appear to correspond well to the real strength
of the soil, while the values of the cone
tests are somewhat too high,
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THEORETICAL EXPLANATION.

As mentioned above the nonconfined com-
pression test usually gives too low strength
values. The author will give a tentative ex-
planation of this circumstence. This explae-
nation elso shows why in the loeding tests
described above the relation between the
strength according to laboratory tests and
the real strength of the soll (i.e. according
to stability computation at ground rupture)
diverged from its usual value. For this pur-
pose the stress conditions of the soil be-
fore and after the sampling in the laboratory
test are considered.

The clay is considered as a 2-phase
system consisting of a solid phase, the grain
skeleton, and a fluid phase, water. To the
s0lid phase may then be assigned that part of
the water which, owing to molecular forces,
more completely adheres to the grains and
possibly surrounds them as a more or less
solid envelope. 'he fluid phase consists of
ordinary water. The strength of the clay,i.e.
its capacity for transmitting shear stress is
then identical with the strength of the grain
skeleton. The grain skeleton is considered as
a somewhat yielding but yet solid body pos-
sessing cohesion, owing to internal molecular
forces, and internal friction. Slow shear
tests, which have been published, show that
the angle of internal friction-of clay, i.e.
of the graln skeleton, usually is arc tg 0,2
to arc tg O,4. The rupture condition of the
grain skeleton is shown in fig. 5 where
Mohr's representation is used and the angle
of internal friction is presumed as arc tg
0,3; the principal stresses pj and p2 then
cause rupture if the revelant Mohr's circle
touches the inclined streight line that is
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characteristic for the substance, In order to
illustrate the stress conditions somewhat
further we may assume that the grain pressure
in the soil after sampling is pg (fig. 6).
This grain pressure is hydrostatic, i.e. equal
in gll directions. Furthermore we assume that
the grain skeleton behaves like a homogeneous,
isotropic elastic body following Hooke's law.

The soll sample being suhiegted to nonconfined
compression 0f the smount 03 the normal stress

in the grein skeleton increases by ap, = 2/30
in axial direction and decreases by & po =1/3 o
perpendiculerly to the axis, and the pore

water pressure increases by 1/3 6. The total
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change of pore water pyessure and axial grain
pressure then equals the load; further the
equationAapy - 2Aapy = O is vallid, i.e. the
volume of the grain~skeleton is unchanged,the
pore water preventing volume change. The shear
strength of the soil semple is found to be 7 ,.
If, instead of this, the sample is subjected
to direct shear test at constant water con-
tent, the equationAp] = A pp is valid, and
the shear strength 75 is obtained.

If an entirely undisturbed soil sample
could be taken, the original vertical and
horizontal grain pressures should be convert-
ed during the gampling to a hydrostatic aver-
ege pressure pl of such a magnitude that the
volume would b unchanged. The shear strength
T3 should then be obtained in the laboratory
(ffg. 7). In reality also an "undisturbed"
soil sample becomes somewhat disturbed during
the sampling, as is apparent inter alia from
confined compression tests. The grain skelet-
on may now be compared to a kind of framework
having the grains as bars and exposed in_the
ground to the internal average stress pl .
During the sampling the adhesion between® the
grains break down to some extent and thus the
grains find a chance to avoid the pressure;
they turn and slide one on another and the
average pressure of the grain skeleton or the
fremework sinks to a lower value pgs. In the
laboratory then a shear strength 7g 1is ob-

tained which is lower than the shear strength

7'% of the native soil. Evidently the decresse
of~ the grain pressure mentioned can taeke
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place without volume change precisely as the
decrease of strength when clay is remoulded
at maintained water content.

It is to be expected that in entirely
consolidated clay layers the grain pressure
and thereby also the strength usually should
increase downwards., Such is the position at
those tests with a rotating auger which are
publ’shed by Lyman Carlson in a report to this
conference. In accordance therewith the ab-
solute difference between the vertical and
horizontal grain pressures of the soil pro-
bably increases downwards, at least in or-
dinary cases. Therefore if an entirely un-
disturbed soil sample could be taken, the
change of the grain pressure during the tran-
sition to hydrostatic pressure also should
increase with the depth, from which the sample
was extracted. The injury to the soil sample,
i.e. the reduction of the hydrostatic grain
pressure from pl to the lower value pg, there-
fore seems to increase with the depth from
which the sample was taken, provided that it
is caused by the change of the grein pressure
mentioned gbove, The injury can also be caused
by the sampler acting on the earth mass out of
which the sample is stemped; also in this
case the injury seems to increase with the
depth from which the sample was taken, as the
greater average grain pressure makes possible
a greater pressure reduction in the grain
skeleton,

The hypothesis that the injury is great-
er at greater sampling depth explains why in
the laboratory the nonconfined compression
test and the rapid direct shear test give
lower strength then corresponds to the real
load in those cases, (e.g. Falkenberg) where
the bearing capacity of the earth to a great
extent depends on the strength of rather deep
layers. The circumstance, that the cone test
often gives a better result, is dure to the
fact that it is celibrated from such cases.
Furthermore the hypothesis explains why on
the other hand the load tests in the field
and the nontonfined compression tests in the
laboratory belonging thereto correspond fair-
ly well; owing to the small sampling depth in
this case no pressure reduction in the grain
skeleton occurred at the sampling. The reason
why the cone test gave somewhat too high
values may be explained by the circumstance
that it is calibrated from cases where the
sampling involves strength reduction of the
sample.

Thus, according to the stated hypothesis
the following should be observed, Prior to
executing the nonconfined compression test
or the rapid direct shear test in the labo-
ratory, the sample should consolidate in such
a way, that its grain pressure is restored to
the same vaelue as in the native soil. Other-
wise the strength should be determined in
some way directly in the ground.(The reader
may compare with the conference report by
Lyman Carlson concerning a rotating auger).

SUMMARY.

Experience shows that nonconfined com-
pression tests and rapid direct shear tests
at mainteined water content give lower strength
than corresponds to those normal loading
cases, where the bearing capacity of the
earth at least partly depends on the strength
of rather deep clay layers. The inferior
strength of the soil sample is explained by
the average grain pressure being reduced at
the sampling. The grain skeleton is thereby



considered as a kind of framework under pres-
sure in the earth, at the sampling the soil

sample is injured in the manner that the "bars'

of the framework, the grains, to some extent
turn and slide one on another, whereby the

303

average graln pressure sinks from pé to pg
and, according to fig. 7, the shear™ strength
from 7 4 toT,. This statement conforms also
with lodding= tests which have been carried
out.
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MEASUREMENT OF PORE WATER PRESSURE

Ir. T.K.

HUIZINGA

Director of the Soil Mechanics Laboratory, Delft, Holland

INTRODUCTION.

In the Proceedings of the First Confe-
rence on Soil Mechanics Ringeling and Ble-
mond reported on the measurement of pore wa-
ter pressure in peat and clay layers (F 8,
F9). The importance of such measurements in
view of the preparation, the design or the
construction of civil engineering works needs
hardly be stressed nowadays. Since then many
measurements have been carried out in the
Netherlands, in most cases under the guidance

or under the supervision of the Laboratory.

In the course of these measurements we en-
countered various difficulties which had to
be overcome, resulting in the gradual improve-
ment of the apparatus.

OBJECT,

The measurements may serve several ob-
Jects, e.g. to collect the necessary data for
the estimation of the probability of earth
failures in excavation works, both for a con-
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