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INTERNATIONAL STANDARD ISO 82-1974 (E)

Steel + Tensile testing

1 SCOPE JAND FIELD OF APPLICATION ISO/R 377, Selection and preparation of samples and test

_ ) o ) pieces for wrought steel.
This Interrjational Standard specifies requirements for_the

tensile tesfing of steel products of diameter equalto or ISO/R 783, Mechanical tésting of dteel at elevated
greater than 4 mm (0.16 in) or thickness equal tQ orgreater temperatures — Determination of lowel yield stress and
than 3 mm|(0.12 in). proof stress and proving test.
Fo.r the ~temsn|edtest|t;1g olfsré)agécullasré)rscgduct(sj, SIUSCS g;;heet, I1ISO 2566/1, Steel — Conversion of elpngation values —
strlp', wire| and tube, ’ an are Part | : Carbon and low alloy steels.
applicable.

I1ISO 2573, Determination of K-values df a tensile testing

1)

2 REFERENCES system.

ISO 86, Stpel — Tensilertesting of sheet and strip less than

3 mm and hot less than)0,5 mm thick.
3 PRINCIPLE
1SO 89, Steel — Tensile testing of wire.

The test consists in straining a test piede by tensile stress,
generally to fracture, with a view to determining one or
ISO/R 147, Load calibration of testing machines for tensile more of the mechanical properties enumerated hereafter.

testing of steel.

ISO 375, Steel - Tensile testing of tubes.

The test is carried out at ambient temperature unless
ISO/R 205, Determination of proof stress and proving test otherwise specified. For tests at elevated temperatures,
for steel at elevated temperatures. ISO/R 205 and 1SO/R 783 are applicable.

1) At present at the stage of draft.
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4 DEFINITIONS

4.1 gauge length : The prescribed part of the cylindrical or
prismatic portion of the test piece on which elongation is
measured at any moment during the test. In particular, a
distinction is to be made between the following :

4.1.1 original gauge length (L} : Gauge length before the
test piece is strained;

4.1.2 final gauge length (L) : Gauge length after the test

piece has been fra
carefully fitted tog

4.2 extensometer
parallel portion of

4.9.1 upper vyield stress (R,y): The value of stress
measured at the commencement of plastic deformation at
yield (see figure 3);

or

the value of stress measured at the first peak obtained
during yielding even when that peak is equal to or less than
any subsequent peaks observed during plastic deformation
at yield (see figure 4).

tured-and-the fractured-parts have been
i

bther so that they lie in a straight line.

gauge length (L.): The length of the
the test piece used for the measurement

of extension by means of an extensometer. {The length

may differ from L

, and may be any value greater than b or

d (see clause 5) buf less than the parallel length L_.)

4.3 percentage pgrmanent elongation :

Increase in the

gauge length of a fest piece subjected to a prescribed stress

(see 4.12) and aft
percentage of the
elongation is used
indicating the presg

4.4 percentage el
elongation of the
expressed as a per

NOTE — If the gauge
original cross-section
indicating the gauge |

Ay = percentage €lo

45 percentage r

er removal of the stress, expressed as a
briginal gauge length. If a symbol for this

it is to be suppliemented by an index
ribed stress.

bngation after fracture (A) : Permanent
gauge length after fracture, L, —L,,
entage of the original gauge length, L.

length is other than 5,65 /Sy, where S, is the
| area, A is to be supplemented by a suffix
ngth used, for exampie :

hgation on gauge length of 10 \/4S,/7.

bduction of area (Z): Ratio) of the

maximum change if cross-sectional area which has occurred

during the test, S,
So. expressedasap

area after fracture.

4.6 maximum lo
piece withstands d

4.7 stress (actual
during the test, 10z

—S,. to the original cross-seéctional area,
breentage. (S, = minimum cross-sectional

(F,) : The.highest load which the test
ring the test,

y “‘nominal stress’’): At any moment
d-divided by the original cross-sectional

area of the test pie

ba

4.9.2 tower yield stress (R, ) : The lowest valye of stress
measured during plastic deformation at yield, igporing any
initial transient effects which might oceur’ (Sep figures 3
and 4.)

NOTE — If a steel which usually exhitits)a yield phenomenon is in a
cold-worked or heat-treated condition, the yield phengmenon may
not exist. In such cases a proofistress must be specified. {See 4.10
and 4.11.)

4.10 proof stress (non-proportional elongation) [R ) : The
stress at which @\non-proportional elongation, pqual to a
specified percentage of the original gauge length, occurs.
(See figure 79

When diproof stress (R) is specified, the non-prpportional
elongation is to be stated (for example 0,2 %) and the
symbol used for the stress is to be supplemented by an
index giving this prescribed percentage of the original gauge
length, for example R ;g 2.

4.11 proof stress (total elongation) or proof stress under
load (R,): The stress at which a non-proportional
elongation plus elastic elongation, equal to 3 specified
percentage of the original gauge length, octurs. (See
figure 8.)

When a proof stress (R,) is specified, or agreed Hetween the
interested parties, the total elongation is to be|stated and
the symbol used for the stress is to be supplemgnted by an
appropriate index, for example R,g 5.

NOTE — The value obtained by the total elongation method will
only be equivalent to R if suitable allowance is n]ade for the

+ t of glactic avtancian

4.8 tensile strength (R_,) : Maximum load divided by the
original cross-sectional area of the test piece, i.e. stress
corresponding to the maximum load.

4.9 vyield stresses: In a steel which exhibits a yield
phenomenon, a point is reached during the test at which
plastic deformation, soon after it has been initiated,
continues to occur at nearly constant stress.

4.12 permanent set stress (R,); (stress at permanent set
limit) : The stress at which, after removal of load, a
prescribed permanent elongation, expressed as a percentage
of the original gauge length, occurs. The symbol used for
this stress is to be supplemented by an index giving the
prescribed percentage of the original gauge length, for
example R ¢ 5. (See figure 9.)
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5 SYMBOLS AND DESIGNATIONS

Symbols and designations are given in the table below.

I1SO 82-1974 (E)

Number Preferred symbol Designation
1 d Diameter of parallel length of test section of test piece of circular cross-section (Figure 1
2 a Thickness of a flat bar (Figure 1)
3 b Width of a flat bar {Figure 1)
4 LM Original gauge length (Figure 1}
5 L Parallel length (Figure 1}
Le Extensometer gauge length
6 Ly Total length (Figure 1)
7 - Gripped ends {Figure 1)
8 Ly, Final gauge length after fracture (Figure 2)
9 L,- L, Permanent elongation after fracture (Eiglre 10)
10 A Percentage elongation after fracture
<Il£~o—l-—°)100
(e.a. Aq0) {Percentage elongation on(@gauge length of 10 \/4Sy/m mm)
11 So Original cross-sectional area of the gauge length (Figure 1)
12 Su Minimum cross:séctional area after fracture {Figure 2)
13 Ren Upper yieldrstress or upper yield point 2) (Figures 3, 4 and 5)
14 ReL Lower Yield stress or lower yield paint 2) {Figures 3, 4 and 5}
15 Ry Proof. stress (non-proportional elongation) or yieid strength (offset)?) (Figure 7)
{e.9. Rp 0,2 (0,2 % non-proportional elongation)
16 R, Proof stress (total elongation) or yield strength (total elongation)2! [Figure 8)
le.g. Ryg 5! (0,5 % total elongation)
17 R, Permanent set stress (Figure 9)
le.g. Rpp2) (0,2 % permanent set stress)
18 Frn Maximum load
19 V4 Percentage reduction of area
() o
o
20 RmY) Tensile strength ,;—m (Figure 10)
o

1) In correspondence and where no misunderstanding is possible, the symbols L, and Ry, may be replaced by L and A respectively.

2) The latter term is used in the U.S.A. and in Canada.
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FIGURE 1 — Test pieces of circular and rectangular cross-section
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FIGURE 2+ Test piece of circular cros-nction'after fracture

Load/extension diagrams illustrating yield :

/ —

Initial transient effect

FIGU

Extension

RE 3

Load

\\

Initial transient effect

FIGURE 4

Extension


https://standardsiso.com/api/?name=e7fde1bc99ebc7d0473ceb5693dc6290

1SO 82-1974 (E)

Load/extension diagrams :
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A = Elastic limit
B = Upper yield stress
BCD = Yield stress elongation
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6 TEST PIECES

6.1 The cross-section of the test piece may be circular,
square, rectangular or, in special cases, of other form. For
test pieces of rectangular section it is recommended that a
ratio of width/thickness of 8 : 1 should not be exceeded.

6.1.1 There shall be a transition curve between the
gripped ends and the paralle! length. The dimensions of this
transition curve are important and it is recommended that
the radius be stated in the material specification. The

measurements of the appropriate dimensions with an error
of not more than + 0,5 % on each dimension. {See also A.2
inannex A.)

8 MARKING THE ORIGINAL GAUGE LENGTH

8.1 For proportional test pieces, the value of L,
calculated in accordance with clause 6 can be rounded off
to the nearest multiple of 5 mm (0.2 in} provided that the
difference between the calculated and marked gauge length

gripped ends may peofanystrapetosoitthehotdersof-the

testing machine.

Bections, bars, etc.,, may however, be

tested without beirlg machined.

6.1.2 The toleran
shall be in accorda
annex A.

6.2 In general, th

tes on the dimensions of the test pieces
hce with those given in tables 3 and 4 in

e diameter of the measured portion of

the machined cylindrical test pieces shall be not less than

4 mm (0.16 in).

6.3 Test pieces w
specified relatior
cross-sectional ared
By international
established as L,
circular cross-sectid

6.4 Test pieces
defined in 6.3 may
used.

6.5 It is recommsg
pieces of circular
L,+d/2 and of
between L, + 1,51

Provided that ther
(L.) to be used f¢
for test pieces of d
test pieces of recta

6.6 If test piec

hich are geometrically similar and have a
ship between gauge length and
are known as proportional test pieces.
agreement this relationship has been
= 5,65 \/St which, for test pieces of
n, gives a valueof L, = 5d.

ther than proportional test pieces as
, for technical or economical reasons/be

nded that the paralle! length (L) of test
cross-section be between L+ 2d and
test pieces of rectangulan cross-section

/S, and L, + 2,5+/85

e is sufficient material, a parallel length
r arbitration purposes shall be L, + 2d
ircular cross-section and L, + 2 \/.'S‘_O for
hgular crossssection.

ps~ with rectangular cross-section are

machined togethet

| from a batch of samples of different

151ess hah TU 70 O L 5.

8.2 Each end of the gauge length may/be marked by
means of a fine mark or a scribedine. An pglternative
method is first to paint the test piece with a qlick-drying
ink, and mark the gauge length by fine scribed lirfes. Incised
markings are not recommended. for notch-sensitiye material
as premature failure may occur at such a marking

8.3 It may be useful~te mark on the surface pf the test
piece a line parallelfo‘the longitudinal axis. For[test pieces
with flat faces, the line shall be at the middle of|one of the
wider faces.

8.4 If therparallel length is much in excess of| the gauge
lengthsias for instance with an unmachined teft piece, a
series~of overlapping gauge lengths, some extendipg into the
gripped portions, shall be marked on the bar. (S¢e also A.4
in annex A.)

9 METHOD OF GRIPPING

9.1 Test pieces shall be held by suitable geans, for
example wedges, screwed holders, shouldered hglders, etc.,
as most convenient.

9.2 Every endeavour must be made to ensurp that test
pieces are held in such a way that the load is|applied as
axially as possible. This is of particular importhnce when
testing brittle material or when determining propf stress or
yield stress.

thicknesses, the uniform paraliel length should be between

L, +15+S, and
test piece with the

Lo+ 25+/S,, where S, refers to the
largest cross-section.

6.7 The test pieces shall be obtained and prepared in
accordance with the requirements of ISO/R 377. (See also

A.3.3 inannex A.)

7 DETERMINATION OF CROSS-SECTIONAL AREA

For test pieces of circular cross-section complying with the
tolerances given in table 3, the nominal dimensions may be
used for calculation of the cross-sectional area. For all other
test pieces the cross-sectional area shall be calculated from

6

10 ACCURACY OF TESTING EQUIPMENT

10.1 The testing machine shall be calibrated in accordance
with ISO/R 147, and shall be maintained to grade 1,0
except when grade 0,5 is required by the standard for the
material.

10.2 Where appropriate, (see also 12.2), the apparent
elastic compliance (K) of the tensile testing system shall be
determined in accordance with 1SO 2573.

10.3 The instrument error of an extensometer or proof
stress indicator shall not exceed 5 % of the value of the
elongation for which the stress value is obtained.
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11 DETERMINATION OF PROPERTIES

The appropriate properties to be determined are to be
stated in the specification for the material and determined
in accordance with the procedures described in clauses 12
to 19.

NOTE — Attention is drawn to 4.9, 4.10 and 4.11 regarding the
appropriate yield stresses and proof stresses to be stated. (See also
A.3in annex A.)

I1SO 82-1974 (E)

A stressing rate not less than one-tenth of the elastic
stressing rate determined from tables 1 and 2 is permitted.
This will result in a slightly lower value of yield stress being
obtained.

In those cases where the K-value of the tensile testing
system cannot be determined in accordance with ISO 2573,
a K-value of 0,0003 mm/N may be used subject to
agreement between the interested parties.

NOTE — A “hard” machine having a low K-value will permit a larger
range of test piece cross-sectional areas to be tested at the maximum
permitted elastic stressing rate without exceeding the straining rate

12 TESTING TECHNIQUES

12.1 Factgrs affecting the rate of straining

It is necesspry to take into account the wide variation of
actual straip rate which can occur during a tensile test and
which may [affect the results obtained. The rate of straining
during plagtic deformation may be measured directly if
suitable eqyipment is available. However, for most practical
purposes the straining rate may be assessed in terms of
loading rate, taking into account the following factors :

1) the phpparent elastic compliance (K) of the testing
machineland test piece assembly (see 12.3);

2) the drea of cross-section of the test piece;

3) the paralle! length of the test piece.
The first ¢f these factors has to be established before
testing.
12.2 Detefmination of testing system characteristics

The value jof K is to be determined in accordance with
ISO 2573. [The value thereby obtained on~the type of test
piece normally used can be regarded(as applicable to all
tensile testy performed in the testing. machine using the
same type| of attachments and_under generally similar
testing conditions.

12.3 Appljcation of K

12.3.1 Megsurement:of upper and lower yield stress

For the mepsurement of upper and lower yield stress, a rate
of strain lastic deformation not exceedin
0,002 5/s is recommended. This is the strain rate during the
yield extension normally obtained in a number of testing
machines in common use when a proportional round test
piece is tested with the controls of the machine set to give a
nominal rate of application of stress of 30 N/mm2.s
(1.9 tonf/in2.s).

In addition to the recommended rate of straining, an upper
limit of 30 N/mm2-s (1.9 tonf/in2-s) on the elastic stress rate
is imposed to avoid, amongst other things, errors due to
inertia effects.

Tables 1 and 2 give the values of the maximum permitted
initial stress rate for different test pieces and different
K-values for use when the required plastic strain rate (not
exceeding 0,002 5/s) cannot be achieved by direct control.

of 0,002 5/s.

12.3.2 Measurement of proof stress

When a yield phenomenon ‘is) not presept the strain rate
imposed on the test piece.in the vicinity pf the proof stress
may not be markedly dependent upon thq value of K or the
dimensions of the test\piece. In proof stregs determination a
single maximumgate-of application of strgss of 30 N/mm2:s
(1.9 tonf/in2-g] is, therefore, recommenddd.

NOTE — Within this limit, it is not practical t¢ specify closely the
correspanding strain rate as this would djctate the type of
extensporeter used.

13 OBSERVATIONS ON LOAD/EX[TENSION DIA.
GRAMS :

13.1 One of a variety of diagrams may|be produced (for
example figures 5 to 9). For many mater{als the initial part
of such a load/extension diagram is [straight (OA of
figures 5 to 9). (Observations of extersion made at a
sequence of increasing loads during a tepsile test may be
used to derive corresponding values of strgss and strain.)

13.2 As the load increases beyond point A in figure 5, the
relationship between load and extension geases to be linear.
In some cases the load may attain a| maximum, then
decrease and remain sensibly constant while the extension
increases markedly (BCD of figure 5). [In other cases a
i i i Rt 4t the point where
piastic deformation commences, and in such cases the level
remains sensibly constant during yield while the extension
increases markedly (CD of figure 6, curve X).

13.3 After yield is completed, further extension results
only from increase in load.

13.4 Where the material does not show the yield type
phenomenon, the extension will continue to increase
non-proportionally to load after point A in figures 7, 8
and 9 has been reached. In such cases a proof stress or a
permanent set stress should be measured (see clauses 15
and 16).
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14 DETERMINATION OF YIELD STRESSES (YIELD
POINTS)

14.1 The upper yield stress, R.y, and/or lower vyield
stress, R,_, may be determined visually, or by a
load/extension diagram or by similar means.

NOTE — When recording a load/extension diagram, it is permissible
to record extension from the cross-head motion.

14.2 When determining these yield stresses the test piece
shall be loaded so that the strain rate is controlled in

15.2.2 The reguired percentage elongation at which a
proof stress is to be determined shall be stated in the
specification for the material.

15.3 Proof stress (total elongation) (R,) is illustrated in
the load/extension diagram shown in figure 8 on which a
line is drawn parallel to the y-axis of the diagram and
distant from it by the required total elongation. The load at
which the extensometer indicates the total elongation
required represents the required proof stress.

accordance with the following conditions :

14.2.1 The rate of strain of the parallel length of the test
piece at the time of yielding shall not exceed 0,002 5/s. If
this rate of strainirl|g cannot be achieved directly, it shall be
controlled by reguliiting the rate of loading just before yield
commences. The céntrols of the testing machines shall not
be adjusted after 9D % of the expected yield load has been
reached.

14.2.2 The maxinpum value of the initial stressing rate to

be used for test
testing machines of
tables 1 and 2. See

14.2.3 Under no ¢
exceed 30 N/mm?2-

14.3 In cases whd
defined in 4.9 can
curve Y), a 0,6% t
under load)} may be
lower vyield stres
specification or agr

15 DETERMINAT
STRENGTHS)

15.1 For the
(non-proportional

pieces of different dimensions and in
different elastic compliances is stated in
hlso note 4 to tables 1 and 2.

ircumstances shall the elastic stress rate
(1.9 tonf/in2:s).

re the upper and lower yield stresses as
not be easily determined {see figure &;
btal elongation proof stress (proof striess
determined and regarded as the value of
- if so permitted by the_‘material
ped between the interested parties.

[TON OF PROOF ,STRESSES (YIELD

determination of proof stress
elongation),/A,, or proof stress {total

elongation), R,, the rate..of application of stress in the

elastic range shall

hot’exceed 30 N/mm2-s (1.9 tonf/in2-s)

—see 123.2- a

hd_may be within the range 3 to

TFhe—reguited-total-elongationat-which-the-preef stress is to
be determined shall be stated in the specificatipn for the
material or agreed between the interested payties.

NOTE — The proof stress under load method is only t¢ be applied
to steels whose vyield stress does @©ot” exceed P50 N/mm2
(40 tonf/in2} and tensile strength 1 100"N/mm?2 (70 tonff/in2).

16 PROVING TESTS<FOR PERMANENT SET STRESS

16.1 If a permanent set stress is specified or dgreed, the
small tensioning-stress stated in the specificatipn for the
material shallybe applied to the test piece. THe stress is
increased*to the specified value and maintained for 10 to
15s. ithis then reduced below the initial tensioping stress
and thén increased to it.

16.2 It shall be verified that the gauge length, when
measured with an extensometer, has not apquired a
permanent extension greater than the specified percentage
of the extensometer gauge length.

17 DETERMINATION OF TENSILE STRENGTH

17.1 When determining tensile strength (see figyre 10) the
test piece shall be loaded in accordance with thg following
conditions unless otherwise stated in the standqrd for the
material :

17.1.1 In the plastic range, the rate of separation of the
cross-heads of the tecting machine  expressed as a

30 N/mm?2.s. For both methods an extensometer shall be

used.

15.2 Proof stress (non-proportional elongation) {(R,) is
determined from a load/extension diagram on which a line
is drawn parallel to the straight portion of the curve and
distant from it by the required non-proportional amount,
for example 0,2 %. The point at which the line cuts the
curve represents the required proof stress. (See figure 7.)

15.2.1 Accurate determination of the load/extension
diagram is necessary (see 10.3). The curve may be obtained
by either automatic or manual methods. However, the use
of a proof stress indicator, without the production of a
load/extension diagram, is permitted.

8

percentage of the parallel length per minute, shall at any
moment be not greater than twice the specified minimum
elongation plus 10.

17.1.2 If a yield or proof stress is not to be determined,
the rate within the elastic range may be as high as that
permitted in the plastic range.

17.1.3 In all cases, the speed of testing shall be as uniform
as possible and the change of speed from the elastic to the
plastic range shall be made gradually and without shock.

17.2 The tensile strength is to be determined in
accordance with the definition given in 4.8.
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18 DETERMINATION OF PERCENTAGE ELONGATION
AFTER FRACTURE

18.1 The percentage elongation after fracture shall be
determined in accordance with the definition given in 4.4
and expressed to the nearest 1 %.

18.2 Any statement of the results of a percentage
elongation test shall include the dimensions of the section
of the test piece and its gauge length.

NOTE — Wh nient, for economic or other reasons, to
use a fixed gauge length irrespective of the cross-sectional area, the
equivalent elgngation on 5,65 \/._S—; may be evaluated, if desired, by
means of a|formula or conversion chart agreed between the
interested pafties, for example 1SO 2566. In cases of dispute, the
elongation shill be measured on a gauge length of 5,65 \/ST,.

be obtained unless fracture of the test piece has occurred at
a section dituated between the gauge marks, and at a
sufficient d|stance from the nearest gauge mark. Care must
be taken tolensure proper contact between the broken parts
of the test|piece when measuring the final length between
gauge mark]‘s (see 18.5). This is of particular importance
when measliring test pieces of small cross-section and test

18.3 Theiull value of the percentage elongation may not

I1SO 82-1974 (E)

pieces having low elongation values. For ease of
measurement a simple jig may be used which will enable the
broken pieces to be mated axially at the original point of
fracture.

18.4 If the specified minimum elongation is less than 5 %,
it is recommended that special precautions in the
determination of the elongation be employed.

18.5 In acceptance testing, the test results are regarded as
e } i racture, provided
that the minimum elongation specifiedyhas been obtained.
If the minimum elongation specified\is hot obtained, the
results of a test should, unless “othefwise agreed, be
discarded if the distance between the [fracture and the
nearer gauge mark is less than‘one-third of the gauge length.
(See also A.4 in annex Ax)

19 DETERMINATION OF PERCENTAGE REDUCTION
OF AREA

The percentage reduction of area is to |be determined in
accordance with the definition given in 4.5.
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