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In the classic Triaxial Test the sample is cut or reconstructed 
in a cylindrical form, covered by an impermeable membrane, 
subjected to an hydraulic pressure within a special cell and 
then tested to failure under an axial load.
The purpose of the test is to ascertain the shear strength 
of the sample and determine the relationships between 
stresses and strains.
The advantage of the Triaxial Test over the Direct Shear Test 
is in the recreation of real conditions: the failure plane is no 
longer conditioned by the apparatus itself but develops along 
the plane of lesser resistance within the sample.
The control of drainage and pore pressure allows the study 
of the effect fl uids have on the mechanical properties of the 
solids in the sample.
The triaxial test also allows radial strain of the sample under 
load, a feature not present in consolidation tests performed 
with oedometers. Therefore the triaxial test may be useful 
in identifying deformations where the Poisson Ratio of the 
material is of importance.

2. SAMPLE PREPARATION

Samples of cohesive soil are normally taken from undisturbed 
specimens by either boring or turning on a lathe. The former 
method is acceptable in soils of medium consistency whilst 
the latter is preferred for soft or hard material. With the boring 
method, as well as a Sampling Tube of suitable diameter with 
relative accessories, it is advisable to have a Hand Extruder 
to extrude the sample from the tube. A special Electric Lathe 
is available for turning samples to the required diameter. 
Naturally, the lathe must be equipped with Support Platens of 
the same diameter as that of the required sample. Once the 
sample has been turned or bored it can be cut to its correct 
length (two times its diameter) with level and parallel faces 
by placing it in a Two-Part Split Mould and trimming the 
ends with a trimming knife or wire saw. To reconstruct sand 
samples a Three-Part Split Former of suitable diameter 
is used.

3. ELEMENTS USED WITHIN THE TRIAXIAL CELL

The Triaxial Test may be programmed so as to allow or 
exclude the hydraulic connection between the inside of 
the sample with the ambient outside the triaxial cell or with 
special measuring instruments. Such connections require 
the use of special drainage mediums around the sample, in 
particular: Porous Discs on the top and bottom of the sample 
and Filter Drains around its sides. However, if the sample 
must be isolated, the bottom porous disc is replaced by 
an impermeable Base Disc whilst the upper porous disc is 
removed. In each case the sample is placed on a Pedestal 
and a Top Cap is placed on top of the sample. These 
elements will have the same diameter as the sample. 
To isolate the sample from the water within the triaxial cell, it 
is covered with a very thin Membrane made of natural rubber 
(of appropriate diameter) which is placed over the sample 
using a Suction Membrane Stretcher and a water-tight fi t is 
guaranteed at the junction with the pedestal and top cap by 
using Sealing Rings of appropriate diameter.

The Triaxial Test Apparatus may be composed in various 
ways, in order to ensure the most rational choice of 
component parts we recommend that the following guide is 
followed step by step so as to identify the apparatus which 
most fully satisfi es all tests likely to be encountered.

1. SAMPLE DIMENSIONS

The most frequent sample diameter is 38.1 mm (1.5”). Larger 
diameters may be necessary if the sample contains coarse 
grains. Small diameter samples are preferred with fi ne 
grained soils so as to reduce the time needed for drainage 
and consolidation.
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4. TRIAXIAL CELLS

The triaxial cell is a water-tight container with hydraulic 
connections at the base and a sliding load piston in the top. 
The cell can be readily opened to allow the positioning of 
samples and cell accessories.
The pedestal on which the sample sits is interchangeable 
with pedestals of different diameter provided that these are 
compatible with the cell itself. Three different cell sizes are 
available, the choice of cell is determined by the size of 
sample to be tested. The Triaxial Apparatus may include 
one or more cells (normally three). Multiple cell systems 
are justifi ed inasmuch that a complete Triaxial Test normally 
requires three samples to be tested under different confi ning 
pressures. Therefore, considerable time savings can be 
achieved by using three cells in series, particularly if the 
test includes sample saturation and long consolidation times 
before the samples are subjected to axial loading.

5. CONSTANT PRESSURE SOURCES

Normally, the confi ning pressure around the sample is 
furnished by pressurised water, thus the triaxial cell must 
be connected to a system capable of providing pressurised 
water. This system must also be capable of compensating 
for eventual volume changes of the sample by providing or 
receiving the corresponding volume of water without change 
in water pressure. The system must also be capable of 
controlling the water pressure to a high degree of accuracy. 
These systems are commonly known as Constant Pressure 
Sources and are available in various forms based on different 
working principles and thus have differing characteristics.
Tecnotest suggests a valid alternative to the classic water-
mercury system: the Bladder Air-Water System more 
modern and effi cient. This system envisages the use of a 
normal Air Compressor and an Interface Cylinder where 
a thin rubber membrane separates the air and water and 
prevents their mixture whilst allowing both mediums to 
maintain equal pressures.

The pressure is controlled by a special valve on the 
compressed air feed line, whilst it is read by a Manometer 
on the line of compressed water.
The accuracy and response of this system depends upon the 
quality of the pressure regulating valve; long term reliability 
is achieved by ensuring the supply of clean dry air to the 
valve, therefore it is advisable to provide an Air Filter and 
Dehumidifi er with Refrigerator Cycle to the air supply 
line.
The advantages of the Bladder Air-Water system are many; 
it is compact, extremely easy to use, readily expandable, 
and able to compensate for large volume changes. It should 
be noted that long interruptions to electric mains supply can 
cause problems to this system, indeed if the tank of the 
compressor is allowed to discharge there will inevitably be 
a decompression of the system as a whole.
A simple and economic pressure source is provided by the 
Air-Water Cylinder and Foot Pump System. In reality this 
system should not be considered as a serious alternative to 
the afore-mentioned system due to the fact that its limited 
capacity of compensation demands frequent adjustments 
to be made by the operator.
However, this system may prove valid if only rapid tests are 
to be performed (Unconsolidated, Undrained).
The apparatus consists of an Air-Water Cylinder which acts 
in the same way as an autoclave, a Foot Pump to pressurise 
the cylinder, a Pressure Gauge with relative mounting 
Bracket and Clamp and a set of Flexible Nylon Hoses for 
connection to the triaxial cell. The number of independent 
constant pressure sources required in a triaxial system may 
vary and will depend upon the number of triaxial cells in use, 
the type of tests to be performed, the degree of fl exibility of 
the system and the amount of money to be invested.
In all cases each cell will require at least one independent 
constant pressure source to pressurise the water which 
surrounds the sample in the triaxial cell.
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However, it is advisable to provide the cell with a second 
independent pressure source so as to furnish back pressure. 
In a relatively modest system with limited fl exibility, one 
source of back pressure may be sufficient, this being 
connected to each cell as the need arises. More refi ned 
systems will require separate back pressure sources for 
each cell in use. The need for back pressure is due to the 
frequent necessity to saturate samples and eliminate even 
the smallest air bubbles trapped within the hydraulic circuit 
connected to the inside of the sample.
In practice the technique used is to increase the back 
pressure and cell pressure appropriately so as to force any 
air to dissolve into the water without creating a difference in 
pressure between the inside and outside of the membrane 
surrounding the sample. In this way it is possible to saturate 
the sample without giving act to the consolidation of the 
sample itself. Once saturation has been achieved variations 
in pore pressure may be accurately monitored during the 
axial loading of undrained tests, thus providing data for the 
correct interpretation of the test. Naturally, back pressure 
should not be provided by the air-water cylinder and foot 
pump system because the process of air dissolving into 
the water will occur within the cylinder and not where it is 
necessary, that is within the sample.

6. LOAD FRAME

Once the operations of hydraulic pressurisation and 
consolidation have been completed, the triaxial cell is placed 
under a Load Frame which has the function of applying an 
increasing axial load on the sample up to sample failure. 
The characteristics of the load frame are very demanding 
unless only rapid tests (unconsolidated, undrained) are to 
be made.
In fact, the increase in strain in certain slow tests is minimal 
and expressed in terms of micro-meters per minute. On the 
other hand, it is necessary to be able to regulate the rate of 
strain applied to the sample within a very large range and, 
ideally, fully variable so as to allow the correct selection 
of strain for each particular test. Another requisite of the 
load frame is the accuracy and continuity of strain rate 
independently of the forces encountered.

The load frame should be selected in function of the 
maximum load force required which in turn will depend upon 
the consistency of the material to be tested and sample 
diameter. A 10 kN Load Frame is more than suffi cient for 
1.5” samples. The 50 kN Load Frame is recommended for 
larger diameter samples or if the load frame is to be used for 
other laboratory tests (e.g. C.B.R.). The 100 kN Load Frame 
is used for large triaxial cells and special tests. 
Three-place version (50 kN) is particularly interesting: it 
allows simultaneous testing of 3 samples, thus saving 
time. 

7. MEASURING INSTRUMENTS

Instruments for measuring load and axial strain will need to 
be applied to the load frame; if analog readings are suffi cient 
for these two parameters then normally a Load Ring and 
Dial Gauge are used.
If digital readings are required, Electronic Sensors described 
elsewhere in this catalogue are used.
The capacity of the load measuring instrument should be 
compatible with the loads to be measured which will depend 
upon the resistance and diameter of the sample. It may well 
be necessary to purchase various capacity load measuring 
instruments.
As a general rule, if only 1.5” samples are to be tested, a load 
measuring instrument with a capacity of 200 kgf is normally 
suffi cient. The travel of the axial strain measuring instrument 
is also dependent on the diameter of the sample and should 
not be less than 20% of said diameter.
Other measuring instruments may be connected to the 
triaxial cell, these include:

Pressure Sensors
Volume Change Sensors

The former are used to measure pore pressure during 
sample saturation and during axial loading in undrained 
tests. The latter are used to measure volume changes of 
the sample during consolidation or during axial loading in 
drained tests. For rapid unconsolidated undrained tests on 
clay samples these instruments are not normally used. In 
the past, pressure measurements were normally made with 
in instruments known as “Null Indicators” which consisted of 
small transparent siphons containing mercury. One side of 
the null indicator is connected to the triaxial cell whilst the 
other side is connected to manometers and a volumetric 
pump.

This pump is used to form a back pressure to equalise the 
pressure from the triaxial cell, the correct pressure is that 
which keeps the mercury in the correct position within the 
siphon, the resultant back pressure, which equals the pore 
pressure, is read on the manometers. In practice the use of 
this instrument demands great care and lack of attention by 
the operator or misuse can easily lead to the loss of important 
test data and the annulment of the test. 
For this reason, nowadays preference is given to Electronic 
Pressure Transducers connected to Digital Displays.

The transducer is fi tted to the triaxial cell via a De-airing 
Block, and the pressure is expressed in engineering 
units directly on the display. When the triaxial apparatus 
is connected to a Data Acquisition System, the use of 
these electronic transducers is compulsory. The number of 
transducers necessary is normally one per each cell in use, 
however one transducer with relative de-airing block may 
be transferred from one cell to another.
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With reference to the measurement of volume change, the 
trend is for the traditional Twin Burette Volume Change 
Measuring Units to be replaced by Twin Chamber 
Hydraulic Volume Change Units.

In the twin burette system the fl ow of water is measured by 
the movement of an interface of water and an insoluble liquid 
of lower density than water (kerosene) within a graduated 
transparent tube.

The twin chamber hydraulic cell uses a different principle; 
a piston is housed within a cylinder using two rolling 
membranes which allows its movement without friction and 
guarantees perfect water tightness.
The positioning of this piston in the middle of the cylinder 
creates an upper and lower chamber which are isolated one 
from the other.
The lower chamber is connected to a constant pressure 
source whilst the upper one is connected to the triaxial 
cell. The equalisation of the pressures in each chamber is 
automatic because the piston membrane group acts as a 
deformable interface without rigidity. The volume change is 
calculated by the movement of the piston due to the fl ow of 
water into, or out of, the chamber.

In practice the movement of the piston is measured by a dial 
gauge and the corresponding volume change is obtained 
by multiplying this movement by the calibration coeffi cient 
of the instrument.

This device lends itself to the use of electronic transducers so 
as to obtain digital display of the results directly in engineering 
units (with relative control unit) or to be connected to a data 
acquisition system. 
This system therefore is to be preferred to the former system 
which does not offer such possibilities.

The number of volume change measuring devices to be 
used will normally be equal to the number of triaxial cells in 
use, they are connected to the line of back pressure or cell 
pressure; in more refi ned systems both lines may be fi tted 
with a volume change measuring device.

In conclusion we recall the traditional volume change 
measuring device using Graduated Burettes fi tted to a 
drainage line.
Naturally this device only works at ambient pressure (without 
back pressure).
In order to use the graduated burette the triaxial cell must 
be fi tted with a Universal Valve Group.

8. ACCESSORIES

In tests where pore pressure de-airing measurement is 
required, is particularly important: Tecnotest proposes 
the classic vacuum method using pump, tank and valve 
assembly.
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