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BS 2782 : Part 3 : Method 345A:1979

UDC 678.6/.8 : 678.01 : 620.173.2

British Standard Methods of testing
Plastics

Part 3. Mechanical properties

Method 345A. Determination of compressive
properties by deformation at constant rate

Méthodes d’essai des matiéres plastiques
Partie 3. Caractéristiques mécaniques

Méthode 345A. Détermination des propriétés de compression par déformation a un taux constant

Priifverfahren fiir Kunststoffe
Teil 3. Mechanische Eigenschaften

Verfahren 346A. Bestimmung der Kompressiveigenschaften durch Deformation bei konstanter

Geschwindigkeit

IMPORTANT NOTE. Before reading this method it is essential to read the foreword, general introduction and instructions to BS 2782

issued separately.

0. Introduction

This method has been prepared under the direction of the
Plastics Standards Committee and describes procedures by
which short term compressive properties can be determined
for a range of plastics materials, but excluding films, thin
sheets and cellular materials. The method provides for
differences in test piece geometry (types 1 to 5) according
to the materials under test. It replaces method 303A,
‘Crushing strength of thermosetting moulding material’,
method 303B, ‘Crushing strength of thermosetting sheet’,
and method 303C, ‘Crushing strength of casting and
laminating resin systems’, of BS 2782 : 1970, which are
being withdrawn. :

In technical content the method is in general agreement
with ISO 604, ‘Plastics — Determination of compressive
properties’, but covers a wider range of testing procedures;
only the type 4 test piece is specified in I1SO 604.

With certain types of test pieces the measurement of stress
and strain data can be determined on the same test piece

-and the compressive yield stress, compressive strength,
offset yield stress, percentage compressive strain at
rupture, compressive stress at specified compressive strain,
and compressive modulus can all be determined. The

British Standards Institution

’

range of testing speeds specified is such that one can be
chosen so that rupture occurs with brittle materials, or
yielding occurs with ductile materials, within 15 sto 45 s
of commencement of a test. The information that is noted
or recorded may be confined to one or more particular
properties, depending on the scope and purpose of the
evaluation.

This method is suitable for material characterization,
quality control, or for testing to the requirements of a
material specification. The results of the tests cannot be
considered significant for applications where the force/time
scale differs widely from that of the test. Such applications
require appropriate impact, creep or fatigue testing. Tests
on a single material using test pieces of different geometries
may not give comparable results because of different

stress distributions or different moulding conditions

for test pieces of different sizes. -

Warning note. This British Standard methaod does not
necessarily detail all the precautions necessary to meet
the requirements of the Health and Safety at Work etc.
Act 1974. Attention should be paid to any appropriate
safety precautions, and this method should only be
operated by trained personnel,
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1. Scope

This method describes procedures by which short term
compressive properties can be determined for a range of
plastics materials, but excluding films, thin sheets and
cellular materials.

Type 1 test pieces are suitable for thermoplastic and
thermosetting sheet materials, and flat injection or
compression mouldings {including filled or reinforced
mouldings), if the thickness is equal to or greater than

12 mm. If the material thickness is less than 12 mm, type
2 test pieces can be used.

Type 3 test pieces are suitable for casting and laminating
resins, and thermosetting materials, excluding those
containing fibre reinforcement.

Type 4 test pieces are suitable for thermoplastic or
thermosetting sheets and mouldings, including filled,
reinforced and/or laminated materials. The type 4 test piece
is that specified in 1SO 604 and a range of geometries is
available, in the form of right prisms, cylinders, or tubes
which can be adapted to suit the material to be tested.

For thin materials, including sheet materials, glass fibre
reinforced laminates, or flat injection or compression
mouldings, or where larger test pieces are required,
type b test pieces may be preferred.

2. References

The following standards publications are referred to in
this method.

BS 2782 Methods of testing plastics
Foreword, general introduction and
instructions : 1975

BS 5214 Testing machines for rubbers and plastics
Part 1 : 1975 Tensile, flexural and
compression machines

1ISO 604-1973 Plastics — Determination of compressive

properties

3. Definitions

For the purposes of this British Standard the following
definitions apply.

3.1 compressive stress (nominal). The compressive force
carried by the test piece (at any time during the
compressive test) per unit area of original cross section.
It is expressed in megapascals.

3.2 compressive deformation. The change in length,
in millimetres, produced along the compression axis of
the test piece by a compressive force,

3.3 compressive yield stress. The compressive stress
{nominat) at which the first marked inflection on the
force/deformation curve occurs, or, the first observable
point at which an increase in deformation occurs without
an increase in force. It is expressed in megapascals.

3.4 compressive strain; unit compressive deformation.
The change in tength per unit of original length produced
by a force along the compression axis of the test piece.

It is expressed as a ratio.

3.5 compressive offset yield stress. The compressive stress
{nominal) in a compression test at which the force/
deformation curve departs from linearity by a specified
percentage deformation {offset). It is expressed in
megapascals.
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3.6 compressive strength. The maximum stress, in mega-
pascals, carried by the test piece during a compressive test,
It may or may not be the compressive stress carried by
the test piece at the moment of rupture.

3.7 percentage compressive strain. The compressive strain
expressed as a percentage.

3.8 percentage compressive strain at compressive yield
stress. The compressive strain expressed as a percentage,
at which the first marked inflection occurs on the force/
deformation curve, or at the first observable point where
the compressive strain is increasing without an increase
in applied force.

3.9 percentage compressive strain at rupture, The com-
pressive deformation of the test piece at the moment of
rupture, expressed as a percentage of the original measured
length of the test piece along its compression axis.

3.10 compressive secant modulus. The ratio of compressive
stress to compressive strain at a chosen point on the
force/deformation curve, It is expressed in megapascals.

3.11 compressive modulus of elasticity. The ratio of
compressive stress to compressive strain in the region
where stress and strain are linearly related.

3.12 slenderness ratio. The ratio of the height of a column
of uniform cross section to its least radius of gyration.

The slenderness ratio is used to calculate the dimensions
of type 4 test pieces. {See appendix A.)

4. Principle

The principle of the test is the subjection of test pieces of
a defined geometry to a compressive force, applied by a
compression member driven at a constant velocity.
Measurement of the compressive force and deformation,
if required, is carried out so that the properties defined

in clause 3 can be calculated, as required.

5. Apparatus
The following apparatus is required.

5.1 Compression testing machine, complying with the
requirements of BS 5214 : Part 1, with a force scale
complying with grade A. In all cases a continuous
indication of the total compressive force applied to the test
piece shall be provided, preferably recorded autographic-
ally. The mechanism shall be essentially free of inertia

lag at the specified rate of testing.

5.2 Compression tool, consisting of a hardened polished
steel eompression tool for applying the force to the test
piece, so constructed that the force applied is axial within
1:1000 and applied through surfaces that are flat to

within 0.025 mm and parallel to each other in a plane
normal to the direction of the applied force. A self-aligning
device shall be interposed between one of the compression
plates and the testing machine.

5.3 Deformation indicator. A suitable instrument for
determining the distance between the contact surfaces of
the compression tool. If the time base of an autographic
recorder coupled to a known machine cross-head speed is
used to measure deformation, it is essential that the values
obtained be corrected for testing machine compliance and
be shown to be accurate to within + 1 %. This method for

indicating deformation is suitable only if the covﬁs&v& ments

force is insufficient to cause crushing, splitting,
delamination of the ends of the test picce,
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Alternatively, an instrument that can be attached to the
test piece (such as an extensometer), capable of measuring
the distance between two points on the test piece at any
time during the test, may be used. It is desirable that the
extensometer should permit automatic recording of the
distance between the points. The instrument shall be
essentially free of inertia lag at the specified rate of
applying the force and shall be accurate to within+ 1%
of the indicated value.

This extensometer may only be used with types 4 and 5
test pieces (see clause 6). To facilitate attachment of an
extensometer it is desirable that the height of the test
pieces is as large as possible within the constraints of the
test piece geometry (see 6.4 and 6.5).

5.4 Supporting jig, for type b test pieces. An example is
shown in figure 2.

5.5 Micrometers, suitable for measuring the dimensions
of the test pieces to within 0.01 mm.

6. Test pieces

Precautionary note. In all machining operations take
precautions against inhalation of dust and contact of
dust with the skin,

Test pieces suitabie for various materials are detailed below.

NOTE. It should be noted that the geometry of the test piece and
the nature of the compression tool surfaces dictate to some extent
the pattern of stress concentrations set up during the test, It may
not be valid, therefore, to compare resuits obtained from test
pieces of different size or shape.

6.1 Type 1. The geometry of this test piece is suitable

for thermoplastic or thermosetting sheet and for flat
compression or injection mouldings, including filled and
reinforced compounds, of 12 mm thickness or greater.
The test piece shall be a cube of side 12 0.1 mm.
Materials greater than 12 mm in thickness shall be reduced
to a thickness of 12 = 0.1 mm by machining one face only.
Unless otherwise specified, the compression axis shall be
normal to the plane of the original sheet or moulding.

6.2 Type 2. The geometry of this test piece is suitable
for thermoplastic or thermosetting sheet and flat
compression or injection mouldings, including filled and
reinforced compounds, of thickness less than 12 mm.

The test piece shall be 12 % 0,1 mm square.

For sheets and mouldings of thickness not less than 8 mm,
the test piece shall be a single piece of the material under
test.

For sheets and mouldings of thickness less than 8 mm,

the test piece shall be built up from two or more pjeces,

so that the overall height of the built-up test pieces is as
near as possible to 12 mm. In this case, it is essential to
ensure that the surfaces of the individual pieces be paraliel
and that any burrs be removed from their edges. If
necessary, a minimal amount of machining is permissible on
one surface only of each piece, to ensure that the surfaces
of the built-up test piece are parallel within 1 % of its
overall height. However, such machining is not permitted if
the material under test has a surface different from its
interior, such as a decorative foil or other special finish.

Unless otherwise specified, the compression axis shall be
normal to the plane of the original sheet or moulding.

6.3 Type 3. The geometry of this test piece is suitable for
casting and laminating resin systems and thermosetting
moulding materials which do not contain fibre
reinforcement.
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The test piece shall be moulded, or machined from a
suitable moulding, into a cylinder of 10 £ 0.2 mm diameter
and 10 £ 0.2 mm height or into a cube of side

10£ 0.2 mm.

The compression axis shall be parallel to the direction of
the original moulding pressure. The ends of the test piece
shall be paraliel and flat to within 0.1 mm and
perpendicular to the axis of the test piece.

NOTE. For an interim period, alternative test piece dimensions of
9.5 + 0.2 mm are permitted for materials where these dimensions are
currently in use, in future standards for such materials, however,
test piece dimensions of 10 + 0.2 mm will be specified.

6.4 Type 4. This test piece comprises a range of
geometries which can be selected to suit the particular
mouldings available. Such test pieces are applicable to
thermoplastic or thermosetting sheets and mouldings
including filled, reinforced and/or laminated materials.

Test pieces shall be in the form of a right prism, cylinder
or tube. The ends of the test pieces shall be parallel to
within 0.1 % of the height of the test piece. The direction
of testing shall be parallel to the axis of the prism,
cylinder or tube. For moulded tubes or rods the diameter
of the test piece cylinder or tube shall be that of the tube
or rod and, unless otherwise specified in the material or
product specification, no machining is permitted.

The dimensions along the prism, cylinder or tube shall
not vary by more than £ 1 %.

Right prisms may be moulded to size or machined from
mouldings or flat sheets. The long axis (height) of the
prism may be parallel to the thickness of the sheet or
moulding, or lie in the plane of the sheet or moulding.
The direction of application of force during testing,
relative to the direction of the moulding pressure, to the
plane of the sheet or moulding, and to anisotropy (if
present), should be chosen with the purpose of the data
in mind and the relationship between these directions
carefully noted.

The geometry of these test pieces may be unsuitable for
materials incorporating coarse reinforcements. :
Also, test pieces of small height may not be suitable

for attachment of an extension measuring device. In either
of these cases a test piece of type 5 may be considered to
be more suitable.

The dimensions of the test piece shall be calculated from
the appropriate formula.

(a) For a right square prism:

Aa

h= 326
(b) For a rectangular prism:

_\b

h=326

{c) For a right cylinder:
_Ad
h=7

(d) For a right circular tube:

i -
=%(DZ +d12) /2

where

h is the height (in mm)
A is the slenderness ratic ('suaPy equa tmoents

but see below)
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