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Versatile triaxial equipment in the University of Oulu 

Un équipement triaxial versatile à l’université d’Oulu

O.RAVASKA, Professor, University of Oulu, Finland 

K.KUJALA, Lic.Techn., Academy of Finland, Finland

VKALLIO, Civ.eng., M.Sc., University of Oulu, Finland

SYNOPSIS: A versatile triaxial apparatus has been developed in the University of Oulu, Finland, by 
automation of a conventional triaxial apparatus Geonor K-ll and installation of a variety of special 
facilities for conducting tests on freezing, frozen and thawing samples. Examples of different kinds 

of tests are presented.

1 INTRODUCTION

A new triaxial apparatus was installed in the 
geotechnical laboratory of the university of 
Oulu in 1985, based on the Geonor K-ll, which 
is designed for both tension and compression 
testing of triaxial samples.

]i) TRIAXIAL CELL (TEMPORARILY INSULATED)
2) LOAD GAUGE

3) DISPLACEMENT TRANSDUCER
4) STEPPING MOTOR
3) CONTROLLER OF STEPPING MOTOR
0) HP 9915 COMPUTER
1 ) HP 3 497A DATA ACQUISITION/CONTROL UNIT

8 ) DISPLAY AND KEYBOARD
9) HP PRINTER 
IQ) REFRIGATOR
131) CONTROLLER OF RELAYS

Figure 1. The automated triaxial apparatus.

Load transfer is electro-mechanical. The 
stepping motor drives a constant precision 
reduction gear which is connected to a 
ball-screw complete with a thrust-bearing 
assembly. All the mechanical drive components 
have a common axis of rotation. The press is 
equipped with limit switches for its range of 
travel in both directions. A constant load is 
applied during anisotropic consolidation, while 
during shear testing the load is increased in

order to exert a constant strain rate in the 
sample. A dynamic load can be applied by means 
of a pneumatic device mounted on the upper end 
of the loading part /l/.

The triaxial apparatus was automated by 
furnishing it with an electrically controlled 
pressure system. The cell and back pressure are 
obtained from a pressure circuit, the maximum 
pressure of which depends on the compressor 
capacity. The pressures are adjusted by valves 
which allow air from the pressure circuit into 
the compressed air storage compartments. The 
air pressure is then changed to the water 
pressure needed in the triaxial cell. The 
instrumentation for the cell and back pressure 
system was constructed in the geotechnical 
laboratory of the University of Oulu /3/.

2 AUTOMATION

2.1 Equipment

The laboratory automation was carried out at 
the geotechnical laboratory of the University 
of Oulu in the form of a distributed system. 
The host computer is an HP9836 , with a micro
computer HP9915 operating independently for 
performing the triaxial test control and 
measurement functions.

The process control and data collection 
systems are presented in Fig. 2. Data are 
transferred between the computers, test 
processes and output devices through the HP-IB 

channel.
The HP9915 computer controlling the process 

is a Basic oriented modular computer that can 
be extended with ROM units connected to I/O 
ports. The core memory is a 3 2 kb RAM. A 
cassette magnetic tape unit and a 
plotter/printer are connected to this computer 

for data acquisition and presentation.
The process control tools comprise control 

valves, relays and electric motors. The 
computer has following tasks in the process 

(Fig. 3):
- setting the initial measure
- generating a control measure from the initial 
measure according a certain algorithm
- measure transformation and handling
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In practice one computer can handle several 
control loops, as seen in Fig. 3.

Figure 2. Process control and data acquisition 
system.

Figure 3. Process control loop.

The parameters measured are the principal 
stresses, strains, air pressure, pore pressure 
and volume change. The measurements are made 
by transducers which convert the physical 
measures into electrical ones. Most of the 
transducers are motion transducers in which 
forces are converted into displacements.

Volume change was one of the most difficult 
parameters to measure automatically. The 
quantity of water is measured by a pressure 
difference sensor, to which a back pressure can 
also be applied.

When estimating the accuracy of the test 
control it is important to separate the ability 
of the system to attain the desired state of 
stress from the measurement accurary. E.g. in 
a triaxial test control which will be stored 
in the computer as a stress measure to be 
multiplied by a calibration factor. When the 
computer tells the controller to exert a 
pressure p( on the sample, the controller sets 
the pressure p The accuracy of the controller

ps - pc depends on the properties of the stepping 
motor and gearwheels, being in general within
0.5 kPa.

2.2 Software

The programs for triaxial test automation can 
be divided into the following main functions:
- process control
- data acquisition
- data transfer from process computer to host 

computer
- data processing
- data recording
- test result presentation

In the Oulu University system the first two 
functions were performed by the micro-computer 
HP9915 and the others by the host computer 
HP9836. The software is composed of the 
following modules:

- AUTOST initialization of devices and input
data

- COMPRO static triaxial test
- DYNAMI dynamic triaxial test
- SIIRTO data transfer to host computer
- FKALIB, PKALIB, VKALIB modules for

determining force, pressure and 
volume change calibration factors 

As an example of the programs, a rough flow 
net of the COMPRO program and details of its 
shear part are presented in Fig. 4.

Figure 4. Flow graph of triaxial test and 
details of its shear part
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In addition to the program modules mentioned 
above, a set of data processing, recording and 
output programs GELA has been constructed for 
the HP9836 computer in Pascal. This contains
9 program modules which are connected together 
in a certain hierarchy.

3. TESTS ON FROZEN SOIL SAMPLES

3.3 Creep tests on frozen samples

The creep tests were carried out using the 
stepwise loading technique proposed by Ladanyi, 
in which the compressive stress remains 
constant for the duration of each loading step. 
The effect of manner of loading on the creep 
was examined. The use of stepwise loading 
resulted in hardening of the sample (Fig. 6 ).

3.1 Equipment and handling of samples

For the purposes of testing frozen soil 
samples, a cooling pipe system was installed 
in the triaxial cell and the temperature was 
lowered by circulating a cooling agent in the 
pipes, the refrigeration thermostat being 
controlled by computer on the basis of cell 
liquid temperature measurements. The triaxial 
apparatus itself was located inside a 
refrigerator in order to minimize thermal 
losses. The tests were performed on 50 mm 
diameter samples, frozen isotropically in a 

cold room. The frozen samples were kept at the 
experimental temperature in the triaxial cell 
for 24 hours to ensure on even temperature 

throughout.

3.2 Shear tests on frozen samples

The undrained shear tests were performed at a 
constant strain rate up to a 2 0  % deformation 
at different temperatures. The test results 
showed increasing shear strength and modulus 
of elasticity with declining temperature or 
increasing strain rate. The effects of 
temperature and strain rate on the deformation 
properties of a clayey silt, for example, are 
depicted in Fig. 5.

Mk. 5TRA* [X]

Figure 5. Effects of temperature and strain 
rate on the deformation properties of frozen 

silt. / 2 /.

* W

Figure 6 . Effect of manner of loading on creep 
in frozen silt. / 2 /.

The moment of rupture was considered to be 
the point at which the tertiary phase of creep 
began. This was achieved at smaller stresses 
the higher the temperature.

4. TESTS ON FREEZING SOIL SAMPLES

Frost susceptibility can be assessed on the 
base of laboratory frost heave test. The 
annular freezing cell employed for this purpose 
is illustrated in Fig. 7. This cell is 
constructed of five rings which are able to 
move freely with respect to each other as frost 
heave takes place, without any lateral friction 
developing between the sample and cell. The 
temperature of the side wall is measured with
1 0  copper-constantan thermocouples, five of 
which can alternatively be pushed into the 
sample itself. Pressure transducers are also 
pushed into the sample to measure pore water 

pressure.
The sample is frozen from the top downwards, 

the freezing temperature and the temperature 
of the unfrozen end being regulated by separate 
thermostats. The control, regulation and data 
acquisition parts of the equipment are as 
depicted in Fig. 2.

This equipment enables the desired vertical 
stress to be exerted on the sample or the frost 
pressure to be measured in terms of the 
resistance necessary to prevent deformation. 
Boundary value can also be set for the frost 
heave, heaving point beyond which measurements 
of pressure is commenced. Outputs include
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measurements of force, deformation, freezing 
temperature and the temperature of the unfrozen 
end, temperatures of the thermoelements in the 
sides of the sample and pore pressure 
measurements.

The frost heave test advances in stages, each 
of which can be regulated with regard to 
length, freezing temperature and the 
temperature of the unfrozen end at the 
beginning and end of the stage, and maximum 
permitted deformation and temperature. The 

freezing temperature and temperature of the 
unfrozen end can also be kept constant 
throughout a stage as a function of time, 
allowed to fall in a linear manner, or altered 
in accordance with any desired function, e.g. 
a cosine function. In order to achieve uniaxial 
freezing, the frost cell is insulated in 
approx. 150 mm of polystyrene chips and the 
whole apparatus placed in a refrigerator at 
+2°C to reduce the temperature differential.

An example of the results of a frost heave 
test at constant temperature is presented in 
Fig. 8 . The till sample is prepared by 
compacting it to natural density in frost cell. 
The test was performed using -3°C as freezing 
temperature, the temperature of the unfrozen 
end being kept constant +1°C. The rate of frost 
heave was more or less constant at unstationary 
freezing phase. The total frost heave was 23 
mm during the test.

The cell type may also be adapted to permit 
thaw settlement and consolidation tests to be 
performed, for which purpose the cell has to 
be solid to prevent the meltwater from 
escaping. The sample can also be frozen rapidly 
to prevent frost heave, or sufficiently slowly 
that heave will take place. This enables 
samples to be prepared which best correspond 
to the products of artificial freezing or 
permafrost foundations with frost heave 
features. Thaw settlement and consolidation

tests may then be carried out on the same 
samples, employing the desired thawing 
temperature and pressure loading.

time Chi

Figure 8 . Frost heave and temperature 
measurements from freezing test on till.

CONCLUSIONS

It was readily seen that automation of the 
triaxial equipment repaid the effort devoted 
to its development. The long-term tests on 
freezing and frozen samples would have been 
practically impossible without computer 

control. E.g. the very sensitive temperature 
control would have required one person to 
monitor the test for 24 hours a day. The 
automation ensured faultless and versatile 
usage of the equipment and highly compact data 
acquisition and storage.
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