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No. D-2 THE SHEARING RESISTANCE OF SOILS
L. F. Cooling, M.Sc. and D. B. Smith, B.A., of the Building Researoh Station (England)

Introduction. The study of the shearing resistanoe of soils is of prime importance in all problems con
cerning their stability. In ooramon with other soil properties it is influenced largely by the water 
content, but in addition its investigation is further complicated by the fact that the shear resistanoe 
itself is of a oomplex nature. The basio assumption generally adopted is that shear resistance depends 
upon the combined effect of two physical properties, oohesion and internal friction, the oohesive resis
tance being that portion which is independent of any applied pressure. However, for the analysis of 
praotioal problems concerning stability it is necessary to separate the contributions made by each of 
these factors towards the total resistance.

Of reoent years the type of test most generally adopted to measure shear resistanoe is performed on 
the Krey shearing box or some modification of it. This is too well known to need any description here, 
but mention may be made of the conditions which it imposes, namely the shearing sideways of a layer of 
soil from a condition of complete lateral restraint and under applied normal loads. From a series of 
suoh tests, values for both the cohesion and the angle of internal friction of a sample of soil are de
duced. However, apart from the movement of water which may be caused by the application of these oom- 
pound stresses to a completely restrained sample, this type of test has the further disadvantage that 
the stress distribution is of a oomplex nature, and that the shear stress may vary along the dividing 
plane.

Torsional Shear Tests. In the work described in the present paper the shearing resistance of d a y  soils 
has been examined by mqans of a torsional shear apparatus which subjects the specimen to pure shear and 
does not impose compound“stress. Although the research has not yet reached an advanoed stage a descrip
tion of the experimental methods and a discussion of the results so far obtained are presented in the 
hope that they will be of interest to workers in this field.

The apparatus whioh is employed is illustrated in Figs. 1 and 2, the sample used being an annulus 
of soil with an outside diameter of i|. in., pji inner diameter of 34 in. and a depth from 1 in. to 1-J in.
A torsional couple is applied to the specimen under conditions of zero normal load and there are no re
straints at the inner or outer circumferences of the annulus. The torque is increased at a uniform rate 
until the maximum value has been passed and records of the applied torque and corresponding angular ro
tation are registered automatically on a smoked glass plate. This apparatus has the added advantage 
that the annulus is under visual observation throughout the test.

To calculate the shearing stress from measurements of the torque, two assumptions may be made:- 
either (l) That the shear stress is uniform from inner to outer radii, or (2) That the shear stress i6 
proportional to the radius. With assumption (l), taking a uniform shear stress q]_i-

Torque = 2 7 7 } where b is outer radius, a is inner radius. With assumption (2), taking 
"triangular” variation:- <4  Q 4

Torque = 2 IT q^( )

Thus, the relation between the values of the shear stress calculated on these assumptions is:-

312 " â ) = b(b3 - a3).
In the present apparatus b * 2 in. and a - 1.625 in. and henoe q.̂ a .912q2 » It seems likely that the

first assumption is sufficiently true and the results quoted have been calculated on this basis. It 
may be pointed out, however, that whiohever assumption is adopted for the oalculation of the shear 
stress for a series of tests, only the absolute value of the shear stress is affected and the shape 
of the shear stress water content curve is unaltered.

Experiments have been performed mainly on samples either remoulded from their natural state or pre
pared from the air-dried oondition by thorough manipulation with different proportions of water. Undis
turbed samples have also been tested by a technique whioh allows annular rings to be prepared and 
transferred to the apparatus without distortion of their form.

A number of typical English days has been tested in pure shear by this apparatus, inoluding very 
"plastio" clays and those of a more sandy nature. The results have indicated the pronounced influence 
of the water content on the ultimate shearing resistance and isolated tests on samples of undisturbed 
soil have also shown the influence of the structure of the soil on its mechanical behaviour. It is 
hoped to investigate the influence of structure much more fully in the near future.

Figs. 3, L., 5 6 6how the results obtained for the variation of ultimate shear resistanoe with 
water content for a number of typical samples of English clays. Values for oertain simplified physical 
tests are also included to give an idea of the character of each particular soil.

The behaviour of different types of clay shows interesting differences. With "plastic" clays the 
usual failure is along a horizontal plane through the middle of the annulus. In these cases the 
torque strain curve presents a smooth, well rounded appearance and the drop in torque after the maxi
mum has been reached is quite gradual. Sandy clays by contrast exhibit a failure by a shear plane 
which is usually inclined to the plane of rotation and there is a rapid drop in torque after failure 
has occurred. In both cases the failure plane extends right through the specimen from the inside to 
the outside ciroumference.

Normally the torque is increased at a uniform rate such that the time of test from start to 
failure amounts to approximately 3 minutes. Tests have been done at different uniform rates over a 
range such that the time of test varied from i? minute to JO minutes. The shape of the torque strain 
curve is not the same for different speeds, since with a fast loading there is not sufficient time for 
all the "plastic" deformation to occur. However, the value of the maximum torque was not found to vary 
appreciably over the range of speeds examined.
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Fig. 1. Fig. 2.
Torsion&l shear apparatus (general view). Torsional shear apparatus.
Torsion-apparat zur Bestimmung der Scherfestigkeit. Torsion-apparat zur Bestimmung der Scherfestigkeit»

Compression Tests. In a recent paper Jurgen6on has pointed out that one of the most simple and reliable 
methods of investigating shear strength is by the axial compression of a cylinder laterally unrestrained.
The failure produced in this test is not one of pure shear on account of the accompanying normal stress on 
the plane of shear, but nevertheless the relation between the results of shear strength calculated from 
compression tests and those obtained by the torsional shear method are of especial interest.

Compression tests have been performed both by a spring loaded apparatus in which the load is increased 
by small increments corresponding with small increments of strain and by an apparatus illustrated in Fig. 7» 
Here the load is applied by a device similar to that used in the torsional shear apparatus and load- 
deformation curves are recorded automatically on a smoked plate.

Tests have been made using different sized specimens and with different rates of loading, but for 
most tests a specimen of diameter 4 in. and if- in. long is used, the duration of a test varying between
3 and 5 minutes. In preliminary tests flat end pieces were used but "barrelling" of the specimens re
sulted and, in consequence, coned end pieces were adopted. By using such conical end pieces with 
suitable base angles of cone, varying between 5° and 15°, the specimen remains approximately cylindrical 
throughout the test.

The form of failure which occurs varies with the type of soil and, to a lesser degree, with the 
moisture content. In most cases a well defined shear plane passes right across the specimen clear of the 
end pieces, and in some oases shear plane6 occur inclined equally to and on apposite sides of the axis 
of compression. Sometimes Ltlder6 lines are visible in early stages of the test and multiply rapidly.
With "plastic" clays the deformation to failure is large and the compressive stress falls away slowly 
after the maximum has been reached. With sandy clays the strain to failure is small and rupture is of 
a brittle nature, the stress dropping rapidly after the maximum has been reached. This behaviour follows 
that exhibited by different days under torsion.

Observations of the angle at which the shear plane is inclined to the axis of oompression show that 
it is 1+5° or slightly less. In some cases angles measured in repeated tests have shown close agreement, 
but in the majority of cases they have not been sufficiently consistent to form a basis from which de
ductions could be drawn.

Experiments have been made on both disturbed and undisturbed samples. The remoulded samples were 
prepared by a similar process to that used for shear specimens and the results of tests on a number of 
typical English clays are given in Figs. 3» hi 5 and 6, in which the compressive strength is plotted on 
twice the scale of shear strength. This comparison shows that with "plastic" clays the shear strength 
is equal to one-half the compressive strength. Since these clays are believed to possess negligible fric
tion this relation is of especial interest. With sandy clays the compressive strength is greater than 

twice the shear strength and this excess is more evident in the drier condition. The difference is 
probably associated with the internal friction, which in sandy clays may be appreciabe, and a tentative 
theory for estimating the angle of internal friction from the relation between the compressive strength 
and the shear strength is being investigated.

Test6 on undisturbed samples have shown that the structure of the soil may have an important in-
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Fig. 7 .
Apparatus for compression tests 

Druokfestigkeitsapparat

fluence on its compressive strength.
Fig. 8 shows the variation of compressive 
strength of a number of undisturbed 
samples of London clay with the natural 
water content at which they were obtained. 
It also shows a similar relation for the 
clay in a remoulded condition.

Practical Application. The methods 
described above have been applied in con
nection with the examination of the site 
of a recent landslip. Unfortunately it 
was not possible to obtain undisturbed 
samples of the various soil types occurr
ing in the soil profile, but specimens 
for test- were obtained by remoulding at 
the natural moisture content. Fig. 9 

shows the results obtained and is of 
interest since it indicates the soil 
stratum through which the slip surface 
probably passed.

Future Work. The extension of the 
torsional shear tests to inolude experi
ments under normal loads is contemplated 
and preliminary experiments have been 
carried out. The magnitude of the 
normal loads which can be applied will 
naturally be limited owing to the absence 
of lateral restraints, but on the other 
hand troubles due to water extrusion are 
not anticipated. It is hoped that work 
on these lines will throw light on the 
influence of the structure and physical 
properties of cohesive soils on their 
mechanical behaviour.
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Ho. D-3 REPORT ON THE INVESTIGATION OF THE COMPRESSIBILITY
OF THE GROUND OF THE HYDRO-ELECTRIC POWER PLANT 

SVIR 3 AND ON THE APPLICATION OF THE TEST RESULTS 
TO THE COMPUTATION OF THE SETTLEMENTS 

A. Frey Samsioe, Dr. Eng., Sweden
/£i"

Introduotion. The great power plant Svir 3 in USSR, constructed 1930 to 1935» is founded on Devonian de
posits of a very great depth. In these deposits strata of different thickness of olay, sandy clay, and 
more or less oemented fine sand, interchange in a much varied way. The stratification is nearly horizon
tal and, due to continuous sandy layers, the ground is fairly permeable in,horizontal direction. The 
Darcy coefficient of flow in this direction was estimated at about 1+. x 10 m. per seo. In vertical 
direction the permeability is 100 to 1+00 times smaller. In the virgin state of the ground the sandy 
layers were the site of artesian water the hydroBtatio pressure of which inoreased with the depth.

To be able to construct the power plant in a suitable way, i.e. to find means to render the ex
pected settlements and tiltings harmless, it was necessary, among other things, to estimate as nearly as 
possible the magnitude of the swelling of the ground due to the unloading through excavation, and of the 
settling due to the subsequent loading by the structures*

As consulting engineers to Professor Henry Graftio, M.A. So., who is the Engineer-in-chief of the 
power plant, Messrs. Vattenbyggnadsbyran (VBB), of Stockholm, have been entrusted to deal with this ques
tion. In the following a short account will be given of the experimental and theoretical work which was 
oarried out for the elucidation of this question.


