Aalborg Universitet AALBORG

UNIVERSITY

A True Triaxial Apparatus

Jacobsen, Moust

Published in:
EUROMECH 157

Publication date:
1982

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Jacobsen, M. (1982). A True Triaxial Apparatus. In EUROMECH 157: Kgbenhavn, 1982

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: July 04, 2025


https://vbn.aau.dk/en/publications/465a1537-a662-48b5-8f92-485d34191d38

ol
A True Triaxial Apparatus. EUROMECH 157, Kebenhavn, 1982. L#53L1_£

EUROMECH 157 QUALITY OF MECHANICAL OBSERVATIONS ON
PARTICULATE MEDIA

Jacobsen, H. Moust, University of Aalborg, Denmark

A TRUE TRIAXIAL APPARATUS

Introduction

At Aalborg University a true triaxial apparatus has been de-

veloped. The basic principle was first used at Cambridge Uni-
versity, but the apparatus has been radically redesigned and

reconstructed, and can now be used for undisturbed samples

of rather stiff, Danish moraine clays.

The best known laboratory equipment for testing and deforma-
tion properties of soil is the traditional "triaxial appara-
tus". But since in this type the second principal stress al-
ways has to equal at least one of the two other principal
stresses, the name "triaxial" is misleading. For historical
reasons it is difficult to change the name and instead the
new equipment is called "the true triaxial apparatus".

The traditional "triaxial apparatus" acts axisymmetrically
and the results have to be modified according to experience

or empirical rules.

Using the "true triaxial apparatus" it is possible to apply
normal stresses to the surface of a sample, which is in-
itially a cube. (Fig. 1). The normal stresses can vary in-
dependently and large deformations of the sample can take
Place. Hence test results can be used directly in practice:
because it is possible to obtain any desired strain condition.
Or the results can be used to built up realistic stress-strain
relationships, which can be used in finite element programs

or other computer programs.

Fig. 1. Cubiecal sample.
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Fig. 2. Some soil types.

The true triaxial apparatus is especially convenient for
studies on the anisotropy, a very important, but often neg-
lected characteristic of soil. Fig. 2 shows the structure of
different soils. The first specimen is a moraine clay. It is
obviously inhomogeneous, but may from a statistical point of
view be isotropic. The second specimen with many thin layers
is anisotropic and only in few cases does a homogeneous and
isotropic soil structure occur. Also the field location of
the sample plays an important role. Fig. 3 shows how a soil
can be prestressed monoaxially or by large shear stresses in
natural slopes. Combined with the fact that the soil is non-
elastic a soil element will always be anisotropic.

Therefore the true triaxial apparatus becomes indispensable
for a realistic assessment of strength and deformation proper-
ties.

Discussion of basic principles

The limitation of the traditional triaxial apparatus has lead
to construction of many testing machines, which should be able
to apply true triaxial conditions to a soil sample. The sample
can be surrounded by flexible faces (rubber bags or membranes)
or rigid platens or any combination of these. And many efforts
have been spent to limit the discontinuity in stresses and
strains to the edges of the sample. Only two principles should
be discussed here in order to show the basic problems in true
triaxial testing.

OEDOMETER STATE SHEAR STRESS STATE

Fig. 3. Natural conditions.



Principle a. Stress control

The sample can be surrounded by rubber bags as shown on fig.
4. The stresses acting on the surface are homogeneously dis-
tributed. The test is stress-controlled. During the test the
surfaces will not remain plane and the stresses inside the
sample will be out of control. Even failure may occur in some
part of the sample. The average values of measured strains do
certainly not reflect what happens in the sample.

Fig. 4. Controlled stress.

Prineciple b. Strain control

The sample can also be surrounded by rigid platens, which
keep the orientation during the test and force the sample,
which is initially a cube, to deform into a right-angled
prism. This principle has been used in the Cambridge type and
in the Aalborg type and in some earlier types, where the dif-
ficulty with altering gaps between the platens has not been
overcomed.

The test is strain controlled. In an initially homogeneous
sample both the strain and the stress distribution can be
considered homogeneous. It means, that the average values of
stresses and strains measured outside the sample are repre-
sentative for every part inside the sample.

Strain controlled tests on moraine clay

Even in a heterogeneous sample of moraine clay the strain
control ensures that the differences in normal stresses along
a surface do not increase considerably during a test. The
average values of measured stresses correspond guite well to
the applied strains. It means that this type of testing equip-
ment is suitable for study of stress-strain relationships.
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Fig. 5. Controlled strain.
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Fig. 6. Stress distribution. Fig. 7. Stress distribution.
Moraine clay. Moraine clay.

The normal stresses are measured by means of four load cells
per direction. Such cells do of course not give the same re-
sult, because the sample is inhomogeneous. Fig. 6 shows the
variation in applied normal stresses as two dotted bands.
Sometimes the variation can be much bigger as shown in fig.
7, where two of the load cells show considerable deviations
caused by inhomogeneities.

The true triaxial apparatus (Aalborg type)

The design based on principle b is shown on fig. 8. The de-
formation of the cubic sample takes place when the rigid
platens slide relatively to each other or push each other.
Large movements can take place without gaps being opened be-
tween the platens. The gaps are constantly 0.25 mm in thick-
ness and filled with a greased rubber membrane, which prevents
attrition of the platen surfaces during sliding. One corner

of each platen does not move relatively to the sample and here
the drainage system is placed. Fig. 9 shows one of the press-
ure heads (or platens) with four load cells and the filter
dise.

The surface of the pressure head must be very smooth and is
therefore polished, greased with silicone and covered with
a thin rubber membrane. Experience from the normal triaxial
apparatus shows that such a surface can be considered smooth.

In practice the sample is encapsulated by a rubber membrane
and placed directly in contact with the greased surfaces of
the pressure heads.

FIXPOINT FIXPOINT FILTER DISC
i |

i F~LOAD CELLS

| |
L
BEFORE TEST AFTER TEST
Fig. 8. Sample surrounded Fig. 9. Movement of sample surface along

by platens. the pressure head.



Fig. 10. The true triaxial apparatus.

A load cell consists of a bottom plate and a sensor head

(2 x 2 cm square platen) carried by four cylindrical legs with
very thin walls (0.08 mm). The sensor heads are flush with

the surface of the pressure head and there is a gap of 0.05

mm to 0.1 mm between the sensor heads and the surface.

All the twelve load cells are able to measure normal loads
with accuracy. The strain gauges are placed in the middle of
the legs, where side movements of the sensor heads do not in-
fluence the moment in the leg. Therefore the measurements of
normal loads are not influenced by shear forces along the
surface.

Three of the lcad cells are able to measure normal loads by
two independent systems, one of which can be used for control

purpose.

Three other load cells have additional strain gauges placed

at both ends of the legs where the shear force moment is maxi-
mum. These measure shear loads in two directions, are very
sensitive and check the smoothness of the pressure head.

The apparatus is shown on fig. 10, to the left in a situation
just before testing. The apparatus consists of six blocks,
which form a three-dimensional frame surrounding the pressure
heads. In the middle is the right-angled cavity in which the
sample is situated. The length of a side can vary from 5 to

9 cm. The forces from the screw spindles cause considerable
moments in the frame which has to be very stiff to prevent
distorsion of the pressure heads.

Installation of a sample into the apparatus is rather easy.
First three of the blocks are dismounted as shown on fig. 10
to the right. The sample is then placed in the corner and

the filtersystem connected simultaneously by means of conical
lugs. Then follows successively remounting of the three blocks
and connection of the filtersystem.



A block consists of a wedge-shaped sliding mechanism, connec-
tions to the two neighbouring blccks and a pressure head. The
three blocks, which are permanently mounted to the socket,
contain also electrical motors and screw spindles, which op-
erate the deformations of the sample.

The deformation of the sample is measured by transducers mount-
ed on a special frame connected to the socket and bottom plate
(not shown).

The testing operation is controlled by an electrical device.
It is possible to make tests with constant rate of strain,
even zero, constant rate of load or constant load (measured
in one point per direction) or tests with constant volume,

or any realistic combination from these. The only limitation
is that the principal directions remain fixed. So this appar-
atus replaces oedometers and traditional triaxial apparatuses
and opens up for a wide range of new test types.

A datalogging system is able to record all required data at
any predetermined time.

Control tests

The mode of operation has been validated by many calibration
tests and two test series ending with an almost perfect copy
of an oedometer test and an undrained test, which shows some
smaller problems. The calibration tests show that the load
cells normally are stable for some years, in some cases for
more than five years. In that period the calibration curve is
a straight line and the standard deviation is very small.
Afterwards the standard deviation increases and the calibra-
tion factor changes as the strain gauge is destroyed. There-
fore the load cells have to be controlled very often, normally
before and after each test.

One problem has not yet been considered. That is the error
coming from the elasticity of the load cells, relative to the
rigidity of the rest of the pressure head. If it is found to
be a heavy problem, the solution is to make this part of the
pressure head as flexible as the lcad cells.

The first series consists of oedometer test copies. The verti-
cal load was applied stepwise and horizontal movements pre-
vented. The most serious and time-consuming problem was to
keep the vertical load constant during a longer period of time.
Fig. 11 and 12 show the results from the two last tests. The
stresses are total pressures, each of them a mean value of
four recordings. It is noticed, that it was possible to obtain
a variation in vertical load ¢, within a range of few per

cent. o0, and o3 nearly equal, corresponding to stresses in an
isotropic soil.

If the load was applied instantaneously the increases of the

total pressures should be identical. During the consolidation
period o, and o3 should decrease and at the end of the process
the earth pressure at rest cé/oi or oi/oi could be estimated.
Fig. 11 shows that the test results are in accordance witn the
theory except for the first few minutes, while the load rises.

A normal time curve is shown on fig. 12. The variation in o;
seems to cause deformations, which are delayed more than one

hour.
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Fig. 11. Development of horizontal, total stresses during comsolidation.

The earth pressure at rest measured in different tests is
plotted against the vertical pressure on fig. 13. It shows
that the results are consistent, but the curve is not repre-
sentative for a preconsolidated moraine clay, because the
stress history has not been reconstructed. It shows the de-
velopment of KO during the virgin loading in the laboratory.
When the preconsolidation pressure is exceeded, K® becomes
constant.
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Fig. 14. Undrained, plane strain test.

The second test series consists of undrained, plane strain
tests. The results from the two last tests are shown on fig.
14. A test starts with an anisotropic consolidation with many
steps. The effective, vertical pressure just before the un-
drained process is called o .. In these two tests the natural
preconsolidation pressure has been exceeded. During the un-
drained part of the test the sample is compressed vertically
with constant strain rate. The volume has to be constant and
small variations in it control the movements in one of the
horizontal directions. It is difficult to control this pro-
cess and many unloadings and reloadings take place instead

of a continuously increase in octahedral shear stress Tgct-

It is possible to determine the undrained shear strength by
using the maximum values of Toct- The two tests show that
Toct,max 1S Proportional to the preconsolidation pressure opc:
which is in perfect agreement with the theory for normally
consolidated clays. Additionally, it is also possible to make
a rough estimate of a performance curve.

Conclusion

A true triaxial apparatus has been developed, which can
apply three different normal stresses to the surface of an



initially cubical soil sample, by means of rigid and smooth
pressure heads. The test operation is strain controlled in
order to avoid increasing irregularities during testing.

The performance of the apparatus has been checked by produc-
ing test results, which are wellknown from other laboratory
equipments such as oedometers and traditional triaxial appa-
ratuses. The apparatus should now be ready for extensive test
series.

However, the apparatus seems to be too complicated and too
expensive for practical purposes and it will probably be used
Primarily in the theoretical field to investigate parameters
for anisotropic soils in drained and undrained states.
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