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BS 18 : 1987

Foreword ‘

This British Standard, which has been prepared under the
direction of the Iron and Steel and the Non-ferrous Metals
Standards Committee, is a revision of BS 18 : Part 1 : 1970
and Parts 2 to 4 : 1971, which are withdrawn. It also
incorporates requirements for tensile tests previously given
in Section one of Part 1 of British Standard 4A4 : 1966
which is being deleted by amendment.

No new major concepts have been introduced. The
appropriate tensile properties have been referred to
throughout as strengths rather than stresses. Implicit in
these strength definitions is the knowledge that multiaxial
loading and/or the presence of notches can change the
values of the applied stress at which yield and rupture may
occur in a particular material. However, consideration of
established and accepted testing practices now in common
use, as well as the outcome of the recent work of the .
International Organization for Standardization (1SO),
indicated a sufficient degree of commonality in application
to different product forms to allow the standard to revert
to one Part. This change has been facilitated by the
elimination of the need to determine the K-value (apparent
elastic compliance) of the tensile testing system. This has
followed a corresponding action in international standards.
Attention is drawn to the fact that in 1SO 6892 there is no
definition of extension and that the definition given for
elongation differs from that in BS 18.

Procedures relating to tensile testing of metals at room
temperature are described. Testing at elevated temperatures
is described in BS 3688 and British Standard 4A4 : Part 1 :
Section two : 1967.

Details of procedures that may be specifically applicable
to particular metals and alloys are not described,

Provision is not made for testing some forms of product
such as very thin foil or products of asymmetrical shape
for which demands for accurate measurement of strength
are often very limited. Although the procedures described .
in this standard might be applied to such products, the
values obtained would not necessarily be recommended or
-chosen for use as a basis for acceptance test purposes.

The opportunity has been taken to clarify the significance
of some features from earlier Parts of BS 18, Also the
greater importance of using unmachined test pieces
including those ‘as cast’ in view of economic considerations
has been recognized by the committee. Requirements for
tolerances upon measurement of cross-sectional area

have been introduced to eliminate any uncertainty
regarding the validity of tests carried out on such specimens.
Features that require a decision based fundamentally upon
metallurgical considerations, e.g. the position in a product
from which a test piece is selected, have been eliminated
from this edition.

Testing of metals and alloys complying with the aerospace
series of British Standards calls for a small number of

special requirements; these requirements have been
incorporated into this revision of BS 18 and are referred to
in relevant clauses as category 2 requirements. .

Compliance with a British Standard does not of itself

confer immunity from legal obligations. Docu ments
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Method

1 Scope

This British Standard describes the method of tensile
testing of metallic materials at room temperature to
determine the following properties: yield strength; proof
strength; tensile strength; elongation; reduction of area.
It incorporates procedures for materials complying with
the aerospace series of British Standards. Appendices A
and B describe proving tests for the verification of
permanent set strength and proof strength. This standard
is not applicable to steel wire.

NOTE 1. Steel wire is a major metallurgical product for which
tensile and other mechanical tests are normally demanded. The
relevant requirements, many of which are specific to steel wire,
are described in BS 4545,

NOTE 2. The titles of the publications referred to in this standard
are listed on the inside back cover.

2 Definitions

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

2.1 Terms relating to test pieces

2.1.1 test piece. The portion of the test sample on which
the tensile test is carried out.

2.1.2 proportional test pieces. Test pieces with gauge
lengths having a specified relationship to the square root

of the cross-sectional area.

NOTE. As proportionality is related only to cross-sectional area and
the specimen gauge length and not to the overall geometry a
proportional test piece may have a cross section of any shape.
2.1.3 non-proportional test pieces. Test pieces the gauge
length of which does not have any specified relationship

to the square root of the cross-sectional area.

2.2 Terms relating to test piece gauge length

2.2.1 gauge length. Length of the cylindrical or prismatic
portion of the test piece defined and used for measurement
of elongation or extension.

2.2.2 original gauge length {L,). The test piece gauge
length before the application of force.

2.2.3 final gauge length (L,). The test piece gauge length
after rupture, the pieces having been carefully fitted
together so that their axes are aligned.

2.2.4 extensometer gauge length (L.). The length of the
parallel portion of the test piece used for the measurement
of extension by means of an extensometer. (This length
may differ from Ly and is of any value greater than the
width (b) or diameter (d or D) of the test piece but less
than its overall parallel fength {L;).}

2.3 Terms relating to elongation

2.3.1 elongation. The increase in the original gauge length
(Ly) at the conclusion of the test.

-4
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2.3.2 percentage permanent elongation. The increase in
the original gauge length of a test piece after removal of a
specified stress (see 2.6.8), expressed as a percentage of the
original gauge length (L,).

2.3.3 percentage elongation after fracture (A). The
permanent elongation of the gauge length after fracture
(L, - Lo), expressed as a percentage of the original gauge
length (Lg).

NOTE. In the case of proportional test pieces, if the original gauge
length is other than 5.65+/ So* {where S, is the original cross-
sectional area of the parallel length}, the symbol A should be
supplemented by an index indicating the coefficient of
proportionality (k) used, for example, A 11 3 is the percentage
elongation on a gauge length (Lo} of 11.34/ S,.

in the case of non-proportional test pieces, the symbol A should be
supplemented by an index indicating the original gauge length used
expressed in millimetres, for example, Agg mm is the percentage
elongation on a gauge length (L) of 80 mm.

2.3.4 percentage total elongation at fracture (A, The
total elongation (elastic elongation plus plastic elongation)
of the gauge length at the moment of fracture, expressed
as a percentage of the original gauge length (L,).

2.3.5 coefficient of proportionality (k). The ratio of the
original gauge length (L) divided by the square root of the
original cross-sectional area (So).

2.4 Terms relating to extension

2.4.1 extension. The increase of the extensometer gauge
length (L) in excess of its original length at any moment
during the test.

2.4.2 percentage yield point extension (Liiders ¢xtension)
{Ag). The extension between the start of yielding giving
localized deformation and the commencement of
homogeneous deformation giving smooth work hardening.
NOTE. It can be measured from the force/extension diagram as
shown in figure 1, or from a stress-strain diagram.

It is expressed as a percentage of the extensometer gauge
length (Lg).

2.4.3 percentage permanent extension, The increase in the
extensometer gauge length of a test piece after the removal
of a specified stress, expressed as a percentage of the
extensometer gauge length (L) (see 2.6.8).

2.4.4 strain., The ratio of extension to original length
expressed either as a decimal value or as a percentage.

2.5 Reduction of area

2.5.1 percentage reduction of area (Z). The maximum
change in cross-sectional area (So - Sy) that occurs during
the test, expressed as a percentage of the original cross-
sectional area (S,).

2.6 Terms relating to stress

2.6.1 stress. The force at any moment during the test
divided by the original cross-sectional area (Sg) of the
test piece.
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2.6.2 tensile strength (R,). The stress corresponding to
the maximum force (see figure 2).

2.6.3 yield strength (R.). The stress at the point reached
during the test when plastic deformation occurs without
any increase in the force, in material exhibiting a yield
phenomenon.

NOTE. A distinction is made between upper and lower yield
strength values as described in 2.6.4 and 2.6.5 respectively.

2.6.4 upper vield strength (R ). The value of stress at the
moment when the first decrease in force at yield is observed
(see figure 1).

2.6.5 lower vield strength (R._). The lowest value of
stress during plastic yielding, ignoring any transient effects
(see figure 1).

2.6.6 proof strength (non-proportional extension) (Rp).
The stress at which a non-proportional extension (plastic
extension only) is equal to a specified percentage of the
extensometer gauge length (L) (see figure 3{a) and

figure 5). The symbol used is foliowed by a suffix giving
the prescribed percentage of the extensometer gauge length,
for example R g2

2.6.7 proof strength (total extension) (R:). The stress at
which the total extension (elastic extension plus plastic
extension) is equal to a specified percentage of the
extensometer gauge length (L) (see figure 3(b)). The
symbol used is followed by a suffix giving the prescribed
percentage of the extensometer gauge length, for example
Ri0.5.

2.6.8 permanent set strength (7). The stress at which,
after removal of force, a specified permanent extension
or elongation, expressed respectively as a percentage of
the extensometer gauge length (L) or the original gauge
length (Lo) has not heen exceeded (see figure 4 and
e~pendix A). The symbol used is followed by a suffix
aivina the specified percentage of the gauge length,

for example R,p.2.

2.6.9 Young's modulus of elasticity. The ratio of stress to
strain during the elastic behaviour of the test piece.

BS 18: 1987

2.7 Materials

2.7.1 category 1. Materials tested in accordance with
standards other than the aerospace series of British
Standards.

2.7.2 category 2. Materials tested in accordance with the
aerospace series of British Standards.

3 Symbols and designations

The symbols and designations used for the purposes of a
tensile test shall be as given in table 1 and shown in
figures 1 to 8.

4 Principle

The test consists of straining a test piece, by tensile force,
generally to fracture, and recording the relationship

between force and extension, for the purpose of determining
one or more of the tensile properties given in clause 1.

5 Apparatus

5.1 Tensile testing machine, with a force range suitable for
the material being tested, calibrated in accordance
with 9.1 and 9.2.

5.2 Extensometer, complying with 9.3, for extension
measurements.

5.3 Wedge grips, screwed or shouldered holders, or other
positive means of holding the test piece (see figure 9) in
such a way that the load is applied axially.

NOTE 1. Wires should be held using gripping arrangements that
minimize the likelihood of failure of the test piece in or adjacent
to the grips.

NOTE 2. The efficiency of the gripping surfaces may be improved,
if desired, by fine serrations.
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Table 1. Symbols and designations

Symbol Unit Designation

Test piece dimensions

mm Thickness of a flat test piece or wall thickness of a tube

b mm Width of the parallel length of a flat test piece or average width of the longitudinal strip
taken from a tube or width of flat wire

d mm Diameter of the parallel length of a circular test piece, or diameter of round wire or
internal diameter of a tube

D mm External diameter of a tube

k - Coefficient of proportionality

Lo mm Original gauge length .

Le mm Parallel length

Le mm Extensometer gauge length

Ly mm Total length of test piece

L, mm Final gauge length after fracture

r mm Transition radius

So mm? Original cross-sectional area of the parallel length

Su mm?2 Minimum cross-sectional area after fracture

Tensile properties

A % Percentage elongation after fracture

Ay % Percentage total elongation at fracture

Ae % Percentage yield point extension

Re N/mm?  Yield strength

Ren N/mm?  Upper yield strength .

ReL N/mm2  Lower yield strength

Rm N/mm?  Tensile strength

Ry N/mm? Proof strength (non-proportional extension)

R, N/mm? Permanent set strength

R N/mm? Proof strength (total extension)

Z % Percentage reduction of area

* See 2.3.3.

NOTE. N/mm? = MPa.
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