CORRESPONDENCE

A NEW SOIL TESTING APPARATUS
(Ko, H. & Scorr, R. F., Géotechnique 17, No. 1, 40-57)

Green (1967) has effectively stated the case regarding certain serious deficiencies of the
Authors’ new soil test box. Ko and Scott mention that small volumes of the sample at the
corners and along the edges of the box may not be in a homogeneous stress state but did not
consider this to be important. This would appear to represent simply an error in judgement.
The Writer agrees with Green (1967) that the soil cube was appreciably restrained by the rela-
tively stiff stainless steel spacing frame. The Authors offer insufficient evidence to support
the conclusion that the stress state generated in the sample contained within the new soil test
box was found to be uniform or the opinion that the present equipment measures the true
deformational behaviour of the soil tested. The opinions of Green (1967) and those of the
Writer can easily be verified analytically or through the performance of simple experiments.

The following brief and approximate analysis based on the theory of elasticity analytically
demonstrates the possible importance of edge restraint for a particular stress path and a
cylindrical specimen. Fig. 1(a) represents a free cylinder with homogeneous triaxial com-
pression while Fig. 1(b) represents the same cylinder subjected to identical vertical loads but
laterally fixed at four vertical edges.
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Fig.1. Free and laterally restrained cylinders subjected to vertical loads
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Fig. 2. Superposition of stress and strain for a laterally restrained disc

The ratio of the axial strains from the restrained to the homogeneous case e,3/e. o represents
a measure of the error involved due to the restraints. The solution to the homogeneous case
is well known and is given by

% Al |
Ezo—'E—tzE . . . . . . . . (1)

where P, represents the vertical load, D represents the diameter of the cylinder and E repre-
sents the modulus of elasticity. The solution to the restrained case may be obtained approxi-
mately by superposition of conditions for a central element (Fig.2). The compressive strains
for Fig. 2(a) are

4P,
€0 = 7?D_2E— . . . . . . . . . (2)
and
4v P,
€xpA = €y = —VEp = ——ﬂ_————;)zE B )
while those for Fig. 2(b) are
14 2 X!
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where v represents Poisson’s ratio. The solution for stresses at the axis of a circular disc
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according to Timoshenko and Goodier (1951) for the loading of Fig. 2(b) is represented by

Oxp = Oyp = ;D- . . . . . . . “ (6)
where Py is the lateral restraint force per unit height. For the combined case, Fig. 2(c), the
resulting principal horizontal strains along the x and y axis vary, but the average value is zero
because points at the origin and at the boundary are laterally fixed. Upon substitution of
equation (6) into equation (5) and assuming for ¥ = 0 that e, = e,a+e,s = 0 and
€,c = €4+ €, = 0, the following expression is obtained:

PH=§(1—1-V)% T

The axial strain for the restrained case, Fig. 2(c), is given by

4P, [(1=2)(1+)
€0 = Caatan = ThiE [ - ]

and the axial strain ratio for the restrained versus the free case is given by
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A similar analysis was carried out for other elements along the x axis which resulted in the
conclusion that surfaces originally orthogonal to the axis of the restrained cylinder will warp.
At a representative distance from the axis of the cylinder, x = D/3, the axial strain ratio was
found to be

Sp _ |1 o (10)
< 1-015 + 0-015v oo

The calculations required to obtain equation (10) are lengthy and are not presented here.

According to the foregoing analysis if Poisson’s ratio is zero and horizontal expansion does
not occur, then the axial strain ratio is unity and the restrained solution is accurate in accord-
ance with physical reasoning. For the case of constant volume where Poisson’s ratio is 0-5,
the axial strain ratio is 0-76 according to equation (10) and the associated error is 249%,. The
error involved with the restraints is seen to increase with the tendency of the material to
expand laterally.

It is recognized that the Authors dealt specifically with a sand cube with a square cross
section and that an approximate theory of elasticity for a cylinder does not represent well the
non-linear, non-elastic behaviour of any soil. Several triaxial compression tests were per-
formed by the Writer and Clarence T. Y. Fung at Colorado State University to demonstrate
more clearly the importance of edge restraint in the Authors’ apparatus.

The triaxial tests reported here were performed on 4 inch Ottawa sand cubes confined under
a vacuum of 24 inches of mercury in a thin rubber membrane. As nearly as possible, the
medium dense samples were formed identically by dropping sand from a height of 30 inches
into the same membrane held in a cubic vacuum mould. A thin rubber sheet was cemented in
place to form the top prior to the application of vacuum. The only variable considered was
the presence or lack of 4 vertical edge restraints in the shear test (Fig. 3). An Instron testing
machine automatically recorded loads and displacements with the rate of axial deformation set
at 0-02 in./min. The lateral deformations were measured with a caliper periodically at mid-
height for the free specimens. The results of two tests are shown in Fig. 4. The data were
considered unreliable below 0-29, axial strain and somewhat in error below 1-09} strain. A
comparison of the axial strains for the free versus the restrained specimen clearly indicates the
role played by the restraints. The axial strain ratio appears to decrease with shearing distor-
tion to approximately 0-4 at the peak point for the free specimens. The overall behaviour
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(Fig. 4), is qualitatively in accordance with that indicated by the previous approximate elastic
analysis and equation (10).

The six faces of all test samples in the main remained nearly plane and orthogonal through
yield but the restrained specimens were seriously distorted in a zone extending from 0—} inch
from the aluminium dowels (Fig. 3). Edge restraint would appear to have been much more
serious in the triaxial tests described by Ko and Scott (see Authors’ Fig. 13, Test TC a-1)
where twelve edges of the sand sample were in physical contact with the stainless steel spacing
frame. Tests of the type reported here require no complex equipment, are easily performed
and take about 45 minutes to carry out.

Kjellman (1936) first emphasized the importance of maintaining homogeneous stress or
strain in obtaining true mechanical properties of soils from physical tests. The effect of the
intermediate principal stress on the yielding of real granular materials has been of major
practical importance for some time but still remains to be conclusively decided. The Writer
is of the opinion that although it is not possible to construct a general stress-strain apparatus
for soils which will completely satisfy those ideal conditions which are desired, further attempts
must be made to improve existing apparatus and develop new tools to investigate the true
physical behaviour of soils under load.

The various types of apparatus developed must yield the same physical parameters re-
gardless of sample size or shape for similar stress or strain paths before the quality of any
particular apparatus can be practically insured. In this light, improved models of existing
special purpose apparatus still may well have a useful purpose in stress-strain and strength
research. The value of the more common shear tests will also be increased by better interpre-
tations made possible because of an improved knowledge of true soil behaviour. In addition,
it is thought that if a general stress or strain controlled apparatus is ever to have widespread
application then it must be simple in operation for a wide range of materials. It would appear
that a considerable amount of research remains to be carried out before these important goals
are achieved. The Authors did state clearly why stress-strain relationships should now be of
increased practical importance.
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Ko and Scott recently described a new triaxial soil testing device using an approximately
cubical sample stressed on all six sides by water filled pressurized rubber bags. The differen-
tially pressurized rubber bags are separated by a frame of rigid vanes. Stress-strain curves
were given for Ottawa Sand.

In his letter, Green (1967) pointed out the large disparity of these results from those for the
conventional triaxial test and suggested that interference of the rigid spacing frame with the
sample causes additional stresses.

A modified version of this apparatus has been built and is in use at University College
London. The modifications lead to results close to those of the conventional triaxial test.
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The cubical sand sample is prepared in a separate rubber membrane and mould to give a
high degree of control over the sample shape. Then the sample is subjected to a negative pore
pressure and transferred to the soil test box where it is tested. The side vanes have been
relieved so that the sample does not come into contact with them at any stage of testing.

Internal strain measurements carried out by the X-ray/lead shot technique (Roscoe,
Arthur & James, 1963) showed that sample contact with any of the rigid side vanes caused
considerable strain distortion.

Figure 1 shows typical curves and other data for the conventional and cubical triaxial tests.
Both samples were prepared by the same pouring technique and tested in drained triaxial
compression, o3 being held constant at the same value in each test. The major principal
strain distribution on a mid section of the cubical sample for point 6 in Fig. 1 gave an average
of 4-549, over 85 elements with a standard deviation of 1-06. There was no apparent pattern
in the variations of strain. It is possible that the difference between the stress—strain curves
shown in Fig. 1 is due mainly to an under-estimate of the maximum strain in the triaxial cell
test, because, in this case, the strain was calculated in the conventional way from the relative
movement of the end plattens.

REFERENCES

GRrEEN, G. E. (1967). Correspondence on A new soil testing apparatus, by Ko, H. Y. & Scott, R. F.
Géotechnique 17, No. 3, 295.

Roscok, K. H., ARTHUR, J. R. F. & Jaues, R. G. (1963). The determination of strains in soils by an X-ray
method. Civ. Engng Pub. Wks Rev., July and August, 1963.

J- R. F. Arthur and

B. K. Menzies,

Department of Civil and Municipal Engineering,
University College London,

12 February, 1968.

Downl oaded from http://ftp. nowpublishers.confjgeot/article-pdf/18/2/271/3182688/ geot _1968_18_2_271. pdf by guest on 07 July 2026



CORRESPONDENCE 273

In reply to the correspondence by Green (1967), the Authors wish to emphasize that the
research programme in which the new soil test box was developed was aimed primarily at
obtaining the stress-strain relations of soils and not at defining a failure surface, although some
information on one form of the latter has also been obtained and is reported in a Paper by Ko
& Scott (1968), in which failure itself is also defined and discussed.

It was considered necessary, from the point of view both of determining constitutive
relations and failure behaviour of a soil, to carry out tests at constant hydrostatic stress. To
the Authors, this seems to be an essential feature of any soil testing arrangement.

The Authors feel that the doubt raised by Green concerning the rigid spacing frame inter-
fering with the transmission of stresses from the water across the rubber membrane onto the
soil sample is ill-founded and may be based on a misunderstanding of the functioning of the
apparatus. The purpose of the spacing frame, shown in Fig. 4 of the original Paper, is to
separate adjacent rubber membranes so that, when these membranes carry different pressure,
the one with a higher pressure will not bulge into the other with a smaller pressure and thus
give erroneous readings of the changes in volumes of water in the spaces behind the membranes
(see Fig. 2 of original Paper). The members of the spacing frame are only § in. wide and, as
Green pointed out, at least half of this width is in contact with the rubber membranes, the
remainder being in contact with the soil. However, a very large portion of each face of the
cubical soil sample, measuring approximately 4 in. by 4 in. is still in contact with the flexible
rubber membrane. Only a very narrow strip of each face along the edges of the sample is in
contact with the spacing frame and therefore not subjected to the stress applied by the rubber
membrane. Therefore, although a completely homogeneous stress state is not attainable due
to the fact that allowance has to be made for the membranes to move as the sample deforms,
yet over the bulk of the soil sample the stresses are known and equal to the pressures applied to
the water in the spaces behind the membranes. The Authors believe that the measured uni-
formity in deformations on each face of the sample, confirms that the apparatus gives a good
measurement of the stress-strain relation of the soil being tested.

The difference in behaviour of the Ottawa sand tested in the new apparatus and in the
conventional triaxial apparatus or in plane strain devices of design similar to triaxial apparatus
is believed by the Authors to be due, to a large extent, to the inhomogeneous (and therefore
unknown) stress conditions in the triaxial test specimen. This inhomogeneity develops from
the difference in rigidities of the specimen and the loading plates, and from the friction be-
tween them, as analysed by Haythornthwaite (1960) and Balla (1960). Even without these
two undesirable effects in the triaxial compression test, the stress condition in the specimen is
only one of radial symmetry, with the axial stress being the major principal stress and the
radial stress being the minor principal stress. But the intermediate principal (tangential)
stress is unknown, its value depending on the material properties of the specimen, which,
however, is under investigation. Therefore, it is impossible to compare the results from the
triaxial test over the complete range of stresses for one specimen with those from the soil test
box which is believed to apply more homogeneous and, what is equally important, known
stresses to the soil sample. However, at the start of a conventional triaxial shear test pro-
ceeding from a hydrostatic stress state, the minor and intermediate principal stresses are
equal, and the end friction and rigid end plate effects are relatively less important. Hence, the
results obtained during the initial stages of the conventional test can be validly compared with
those from the soil test box, and indeed a good comparison was obtained as shown in Fig. 13 of
the original Paper. As the test develops, the intermediate principal stress begins to differ
from the minor principal stress and takes on an unknown value, and the rigid end plates and
end friction constrain the sample to deform in the middle portion away from the ends. Even-
tually, failure zones develop in the sample so that most of the deformation takes place in these
regions.
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In other words, the stress and the strain states in the triaxial specimen are both non-
uniform and unknown beyond the initial stages of the test, and therefore the stress-strain
relationship measured is difficult to interpret and is not directly comparable to that obtained in
the soil test box which maintains a uniform stress and uniform strain state throughout the test
up to strains of a few per cent. When the strains in the soil in the box become larger, the
adjacent membranes would protrude beyond the spacing frame so as to interfere with one
another, and the sample would undergo uneven deformation. All the tests reported by Ko &
Scott (1967a, 1967b, 1967¢) developed maximum strains below the levels where interference of
membranes began, and in none of these tests was a ‘peak’ behaviour observed in the stress—
strain plot. Whether such a peak does occur when the soil is allowed to deform continuously
without membrane interference in the box remains to be investigated and will receive attention
from the Authors in their future work with the soil test box.

Although a great number of tests have been carried out on the conventional triaxial
apparatus and reported in the literature, the Authors suggest that caution should be used in
employing such test results as a standard of comparison for the stress—strain behaviour of soils
as determined in other equipment. The Authors have also found it difficult to accept that
some of the judgement and intuition developed by triaxial test experience might be misleading.
It was one function of the investigation utilizing the test box and described by the above series
of papers to explore the extent to which previous experience might be inadequate.
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STEREOGRAPHIC REPRESENTATION OF JOINT SURVEYS
(PricE, D. G. & KniLL, J. L., Géotechnigue 17, No. 4, 411-432)

While agreeing with the Authors that upper hemisphere projection is best suited to joint
surveys, it would be of interest to know if the stereograms are based on a polar equal area
stereographic net, since this net has the effect of grouping steeply dipping joints closer to-
gether, thereby artificially increasing the density of poles around the periphery of the stereo-

gram.
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