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BRITISH STANDARD
TEST PIECES AND TEST METHODS
FOR METALLIC MATERIALS FOR AIRCRAFT

PART 1. TENSILE TESTS

Section Two: Tensile tests—Elevated temperature

FOREWORD

Whilst including this section in Part 1 of the standard, the drafting committee has taken the opportunity to implement the
declared policy of adopting metric units where applicable and give alternative metric values throughout.

Reference is made in this section to the following British Standards:

BS 1041: Code for temperature measurement.

BS 1610: Methods for the load verification of testing machines.

BS 3846: Methods for calibration and grading of extensometers for testing of metals.

METHOD
1. Scope Symbol
Part 1, Section Two of this British Standard covers tensile d
testing at elevated temperature of aircraft metallic
materials. It defines the properties that may need to be D
determined and the terms used in describing tests and test a
pieces. It specifies the dimensions of standard test pieces b
and the standard methods of testing. r
Lo
2. Basis of test Le
L
The test consists of maintaining a test piece at a uniform L
temperature and subjecting it to increasing extension Lu
under tensile load at that temperature in order to determine So
specified properties. Su
NOTE. All the dimensions of the test piece are measured at room
tempera:ure. A
Z
3. Symbols Fa
Rp
In this British Standard the following symbols apply: Rm
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Description

Diameter of test section of test piece of circular
cross section. Bore of tube, or inside diameter.
Outside diameter of tube.

Thickness of test section.

Width of test section.

Transition radius.

Original gauge length.

Extensometer gauge length.

Parallel length.

Total length.

Final gauge length after fracture.

Original cross-sectional area of test section.
Minimum cross-sectional area of test section after
fracture.

Percentage elongation after fracture.

Percentage reduction of area after fracture.
Maximum load.

Proof stress.

Tensile strength.
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4. Definitions

For the purposes of this Section of this British Standard the
following definitions apply:

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

Proportional t¢st piece. A test piece of circular cross
section with a gauge length having a specified relation to
the squarz root of the cross-sectional area, e.g. a gauge
length egual to 5:654/So.

Non-proportional test piece. A test piece having a gauge
length not specifically related to cross-sectional area.

Gauge length. A length of the parallel portion of the test
piece defined and used for measurement of elongation.
The term is hereafter used in this standard to denote the
original gauge length (Lo) marked on the test piece for the
determination of percentage elongation after fracture (A4).

Extensometer gauge length (Le). The length of the
parallel portion of the test piece used for the measurement
of the extension by means of an extensometer. This length
may be different from the original gauge length Lo.

Extension. The increase of the extensometer gauge
length from the original at any moment during the test.

Stress. The load on the test piece divided by the original
cross-sectional area of the parallel portion.

Strain. The extension per unit length.

Young’s modulus of elasticity. The value of the increment
in stress divided by the corresponding increment in strain
for the straight portion of the stress-strain (or load
extension) diagram (see Fig. 4).

NOTE. Some materials do not give a single clearly defined straight
stress-strain line, and for such materials the limits between which the
apparent modulus of elasticity is determined shall be stated by the
Inspecting Authority.

Proof-stress (Rp). The stress which produces, while the
load is still applied, a non-proportional extension equal to
a specified percentage of the extensometer gauge length
(see Fig. 4). .

NOTE. When quoting the specified percentage of the extensometer
gauge length the symbol is given the appropriate suffix, e.g. Rp O.2.

Proving test. A test made to ascertain whether or not the
material fulfils the specified requirements.

Maximum load (Fm). The highest load which the test
piece withstands during the test.

Tensile strength (Rm). The maximum load (Fm) divided
by the original cross-sectional area (S,) of the test piece.

Percentage elongation after fracture (A4). The permanent
increase in length (Lu-L,) of the gauge length expressed as
a percentage of the original gauge length (Lo), i.e. 100
(Lu=Lo)/Lo.

Percentage reduction in area after fracture (Z). The
maximum decrease of the cross-sectional area (So=Su)
expressed as a percentage of the original cross-sectional
area (So), i.c. 100 (So=Su)/So.

)

5. Selection and preparation of test pieces

Care shall be taken in the selection and preparation of
test pieces to ensure that they are fully representative of the
original material.

6. Proportional test pieces
6.1 General

6.1.1 These test pieces have an original gauge length which
bears a specified relationship to the cross-sectional area.
This ensures that comparable values for percentage
elongation are obtained from test pieces of different sizes
but having the same relationship. The relationship
L,=5-654/So has been accepted by international agree-
ment. For test pieces of circular cross section, this
relationship gives a value of Lo =5d.

6.1.2 The cross section of the test piece shall be circular.
There shall be a transition radius between the gripped ends
and the parallel length where these differ in size (see Fig. 1).

6.1.3 The parallel length of a test piece shall be not less
than the gauge length plus half the diameter of test section.

6.2 Machined test pieces

6.2.1 Sizes of machined round test pieces are given in
Table 1.

6.2.2 A standard test piece selected from the proportional
test pieces listed in Table 1 shall be specified in the inspec-
tion and testing procedure for each type of material or in
the material specification; in the absence of an appropriate
requirement the test piece shall be specified by the
Inspecting Authority. The standard test pieces shall be
mandatory unless the size of the material is too small, in
which case the largest practicable size of those given in
Table 1 shall be used.

6.2.3 The gripped ends of the test piece shall be co-axial
with the parallel portion within a concentricity tolerance
of 0-001 in or 0-025 mm, and may be of any shape to suit
the holders of the testing machine.

6.2.4 The diameter along the parallel length shall not vary
by more than 0-001 in or 0-025 mm, except where small
annular ridges for the attachment of extensometers are
permitted by the Inspecting Authority.
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Fig. 1. Test piece of circular cross-section
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AMD 320

Amendment Slip No. 1, published 18 September, 1969

to British Standard 4 A 4: Part 1: Section Two: 1967
Test pieces and test methods
for metallic materials for aircraft
Part 1. Tensile tests
Section Two: Tensile tests—Elevated temperature

NOTE. These amendments are principally confined to metrication of the standard in line with
other aircraft series and mechanical testing standards, including the reduction of the number
of preferred sizes of test pieces.

Revised text

Title. Under the title add ‘METRIC UNITS".

Foreword. At the end of the foreword insert:

‘NOTE. Information concerning SI units is given in Supplement No. 1, ‘Additional
tables for SI conversions’ to B.S. 350, ‘Conversion factors and tables’, and PD 5686,
‘The use of SI units’.’

Subclause 6.2.3 Delete “0-001 in or 0-025 mm’ and substitute, ‘0-03 mm’.

Subclause 6.2.4 Delete, ‘The diameter along the parallel length shall not vary
by more than 0-001 in or 0-025 mm’, and substitute, ‘The parallel length shall
not vary in diameter by more than 0-03 mm, ...’

Table 1. Delete Tables 1A and B and substitute the following:

Nominal Diameter Gauge Minimum Minimum transition
cross-sectional d length parallel radius
area Lo length
So (see Note 1) | L.~5-5d Wrought Other
metals and cast
cast steel metals
mm? mm mm mm mm mm
150 13-82 69 76 13 26
100 11-28 56 62 10 20
50 7-98 40 44 8 16
25 5-64 28 31 5 10
12-5 3-99 20 22 4 8

Delete Note 1 and substitute:

‘NOTE 1. The values of gauge length have been rounded to the nearest 1 mm.’
Subclause 7.2 Delete ‘0-500 in or’.
Subclause 7.3 Delete ‘0-001 in or 0-025 mm’ and substitute ‘0-03 mm’.

Subclause 7.6 Second line, delete ‘3 in-or’.
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