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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-
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hational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, H
ted by the technical committees are circulated to the member bodies for woting. Publig
hational Standard requires approval by at least 75 % of the member bodies, casting a vote.

tion is drawn to the possibility that some of the elements of this document may be the subj
5. ISO shall not be held responsible for identifying any or all such patent rights.

5892-1 was prepared by Technical Committee ISO/TC 164,,Mechanical testing of metals, S
, Uniaxial testing.

first edition of ISO 6892-1 cancels and replaces ISO 6892:1998.
5892 consists of the following parts, under the general title Metallic materials — Tensile testin
Part 1: Method of test at room temperature
following parts are under preparation:

Part 2: Method of test at elevated temperature
Part 3: Method of test at low-temperature
following part is planned:

Part 4. Method<of)test in liquid helium

ely with the

art 2.

main task of technical committees is to prepare International Standards. Draft Internationgal Standards

ation as an

ect of patent

Ibcommittee
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Introduction

During discussions concerning the speed of testing in the preparation of ISO 6892:1998, it was decided to

recommend

the use of strain rate control in future revisions.

In this part of ISO 6892 there are two methods of testlng speeds available. The first, method A, is based on

strain rates (i
A is intendg

parameters

Vi

thod
d to minimize the variation of the test rates durmg the moment when strain rate sen>|t|ve
bre determined and to minimize the measurement uncertainty of the test results.
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INTERNATIONAL STANDARD ISO 6892-1:2009(E)

Metallic materials — Tensile testing —

Part 1:
Method of test at room temperature

1 BScope

This|part of ISO 6892 specifies the method for tensile testing of metallic materialscand defines thg mechanical
propgrties which can be determined at room temperature.

NOTE Annex A indicates complementary recommendations for computer controlled testing machines.

2 Normative references
The |following referenced documents are indispensable for)the application of this document. For dated
references, only the edition cited applies. For undatedoreferences, the latest edition of the referenced
docyment (including any amendments) applies.

ISO B77, Steel and steel products — Location an@’preparation of samples and test pieces font mechanical
testing

ISO P566-1, Steel — Conversion of elongation values — Part 1: Carbon and low alloy steels
ISO p566-2, Steel — Conversion of elongation values — Part 2: Austenitic steels

ISO ¥500-1, Metallic materials — Verification of static uniaxial testing machined— Part 1:
Tengion/compression testing machines — Verification and calibration of the force-measuring system

ISO P513, Metallic materials — Calibration of extensometers used in uniaxial testing

3 [Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
gauge length
L

length of the parallel portion of the test piece on which elongation is measured at any moment during the test
[ISO/TR 25679:2005(3]]

3.1.1

original gauge length

LO

length between gauge length (3.1) marks on the piece measured at room temperature before the test

NOTE Adapted from ISO/TR 25679:2005[3].

© 1SO 2009 - All rights reserved 1
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3.1.2

final gauge
final gauge
L

u

:2009(E)

length after rupture
length after fracture

length between gauge length (3.1) marks on the test piece measured after rupture, at room temperature, the
two pieces having been carefully fitted back together so that their axes lie in a straight line

NOTE

3.2

Adapted from ISO/TR 25679:2005[3!.

parallel length

LC
length of the

[ISO/TR 256

NOTE
pieces.

T

3.3
elongation
increase in t

NOTE A

3.4
percentage
elongation e

[ISO/TR 256
3.41

percentage
increase in t

parallel reduced section of the test piece
79:200503]]

ne concept of parallel length is replaced by the concept of distance between grips)for unmachine

he original gauge length (3.1.1) at any moment during the test
Hapted from ISO/TR 25679:200513],

elongation

kpressed as a percentage of the original gauge length, L (3.1.1)
79:200503]]

permanent elongation
he original gauge length (3.1.1) of‘a test piece after removal of a specified stress, expressg

a percentage of the original gauge length, L

[ISO/TR 256

3.4.2
percentage
A
permanent ¢
gauge lengf

[ISO/TR 256

79:200503]]

elongation after fracture

longation of the gauge length after fracture, (L, — L,), expressed as a percentage of the ori
h, L,

79:2005[3]]

i test

bd as

ginal

NOTE

For proportional test pieces, if the original gauge length is not equivalent to 5,65,/S, ") where S, is the

original cross-sectional area of the parallel length, the symbol 4 should be supplemented by a subscript indicating the
coefficient of proportionality used, e.g. 411 3 indicates a percentage elongation of the gauge length, L,, of

A3 =1

1,3,/So

For non-proportional test pieces (see Annex B), the symbol 4 should be supplemented by a subscript indicating the
original gauge length used, expressed in millimetres, e.g. A4gg mm indicates a percentage elongation of a gauge length, L,

of 80 mm.

1) 5,65,/S, =5,/(4S,/T) .

© 1SO 2009 - All rights reserved
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3.5

extensometer gauge length

Le

initial extensometer gauge length used for measurement of extension by means of an extensometer

NOTE 1  Adapted from ISO/TR 25679:200503,

NOTE 2  For measurement of yield and proof strength parameters, L, should span as much of the parallel length of the
test piece as possible. Ideally, as a minimum, L, should be greater than 0,50L, but less than approximately 0,9L.. This
should ensure that the extensometer detects all yielding events that occur in the test piece. Further, for measurement of
parameters “at” or “after reaching” maximum force, L, should be approximately equal to L.

in discontinuous yielding materials, .the’ extension between the start of yielding and the stant of uniform

NOT Adapted from ISO/TR 25679:2005[3!.
See Figure 7
3.6.
percentage total.extension at maximum force
A
gt

total|extension (elastic extension plus plastic extension) at maximum force, expressed as a percgntage of the
extehsometer gauge length, L, (3.5)

See Figure 1.
3.6.5
percentage plastic extension at maximum force
A
g
plastic extension at maximum force, expressed as a percentage of the extensometer gauge length, L, (3.5)

See Figure 1.

© 1SO 2009 - All rights reserved 3
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3.6.6
percentage
Ay

:2009(E)

total extension at fracture

total extension (elastic extension plus plastic extension) at the moment of fracture, expressed as a percentage
of the extensometer gauge length, L, (3.5)

See Figure 1.

3.7

3.71

Testing rate

strain rate

e

Le

increase of 4
NOTE S

3.7.2

train, measured with an extensometer, in extensometer gauge length, L, (3.5), pertime

be 3.5.

estimated sftrain rate over the parallel length

e

Le

value of the

crosshead s$eparation rate (3.7.3) and the parallel length of the test piece

3.7.3

crosshead $eparation rate

Ve
displacemer

3.74

stress rate
R

increase of s

NOTE S

3.8
percentage
VA

maximum c
percentage

z=50

R

t of the crossheads per time

tress per time

ress rate should only be used jn the elastic part of the test (method B).

reduction of area
hange in cross-sectional area which has occurred during the test, (S,-S,), expressed
bf the original'cross-sectional area, S:

fS“x1oo

o

increase of strain over the parallel length, L (3.2), of the test piece per time based on the

as

3.9 Maxir

NOTE

£
TUrinT 1oree

defined in this part of ISO 6892 [see footnote to Figure 8 c)].

3.91

maximum force

F

m

For materials which display discontinuous yielding, but where no workhardening can be established, Fy, is not

(materials displaying no discontinuous yielding) highest force that the test piece withstands during the test

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=186f2838721d5cba76693991962397a7

ISO 6892-1:2009(E)

3.9.2

maximum force
Fm

(materials displaying discontinuous yielding) highest force that the test piece withstands during the test after

the beginning of workhardening
NOTE See Figure 8 a) and b).

3.10
stress
at any moment during the test, force divided by the original cross-sectional area, S, of the test piece

NOTE 1  Adapted from ISO/TR 25679:200503,
NOTE 2  All references to stress in this part of ISO 6892 are to engineering stress.

NOTE 3 In what follows, the designations “force” and “stress” or “extension”, “percentage extension’| and “strain”,
respqctively, are used on various occasions (as figure axis labels or in explanations forithe determinatipn of different
propgrties). However, for a general description or definition of a well-defined point on a-curve, the designations “force” and
“stregs” or “extension”, “percentage extension” and “strain”, respectively, are interchangeable.

3.10)1
tensjle strength
Rm
stregs corresponding to the maximum force, F,, (3.9)

[ISO|TR 25679:200513]]

3.10{2
yield strength
when the metallic material exhibits a yield phenomenon, stress corresponding to the point reachgd during the
test at which plastic deformation occurs without'any increase in the force

NOTE Adapted from ISO/TR 25679:2005].
3.10{2.1

upper yield strength

ReH

maximum value of stress(3710) prior to the first decrease in force

NOT

Adapted fform T1SO/TR 25679:2005[3!.
See Figure 2.

3.10{2.2

lowgryield strength
ReL
lowest value of stress (3.10) during plastic yielding, ignoring any initial transient effects

[ISO/TR 25679:2005!3]]

See Figure 2.

© 1SO 2009 - All rights reserved 5
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3.10.3
proof strength, plastic extension
R
p
stress at which the plastic extension is equal to a specified percentage of the extensometer gauge length, L
(3.5)
NOTE 1 Adapted from ISO/TR 25679:2005, “proof strength, non-proportional extension”.
NOTE2 A suffix is added to the subscript to indicate the prescribed percentage, e.g. Ry o-
See Figure 3.
3.10.4

proof strength, total extension

Ry
stress at wh
the extenso

NOTE1 A

ch total extension (elastic extension plus plastic extension) is equal to a specified’ percenta
meter gauge length, L, (3.5)

Hapted from ISO/TR 25679:200531.

NOTE 2  Ajsuffix is added to the subscript to indicate the prescribed percentage, e.g. Rip 5.
See Figure 4.
3.10.5

permanent set strength

Rr
stress at wh

ch, after removal of force, a specified permanent elongation or extension, expressed respec

as a percenfage of original gauge length, L (3.1.1), or extensometer gauge length, L  (3.5), has not

exceeded

[ISO/TR 256

See Figure %.

NOTE A

79:200503]]

suffix is added to the subscript totindicate the specified percentage of the original gauge length, L, or
gauge length, L, €.g. R 2.

n which is deemed to occur when total separation of the test piece occurs

riteria for ffacture which may be used for computer controlled tests are given in Figure A.2.

pe of

ively
been

bf the

extensometer
3.1
fracture
phenomeno
NOTE C
6
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4 Terms and symbols

The symbols used in this part of ISO 6892 and corresponding designations are given in Table 1.

Table 1 — Symbols and designations

Symbol Unit Designation
Test piece
ao, T® mm original thickness of a flat test piece or wall thickness of a tube
by mm original width of the parallgl length of a flat test piece or average width of-the longitudinal
strip taken from a tube or width of flat wire
d mm priginal d_iameter of the parallel length of a circular test piece, or diameter of found wire or
internal diameter of a tube
Dgy mm original external diameter of a tube
L, mm original gauge length
Ly mm initial gauge length for determination of A4, (see AnnexJ)
L. mm parallel length
Le mm extensometer gauge length
Ly mm total length of test piece
Ly mm final gauge length after fracture
L, mm final gauge length after fracture fordetermination of 4, (see Annex )
So mm? original cross-sectional area(of the parallel length
Su mm?2 minimum cross-sectional, area after fracture
— coefficient of proportionality (see 6.1.1)
Z % percentage reduction of area
Elongation
A % percéntage elongation after fracture (see 3.4.2)
A\wn % percentage plastic elongation without necking (see Annex I)
Extension
Ag % percentage yield point extension
Ag % percentage plastic extension at maximum force, F,
Agt % percentage total extension at maximum force, Fy,
Ay % percentage total extension at fracture
AL, mm extension at maximum force
ALg mm extension at fracture
Rates
°r, st strain rate
éLc s1 estimated strain rate over the parallel length
R MPas™' |stress rate
Ve mm s~’ crosshead separation rate

© 1SO 2009 - All rights reserved 7
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Table 1 — Symbols and designations (continued)

Symbol Unit Designation
Force
Fr N maximum force
Yield strength — Proof strength — Tensile strength

E MPa P modulus of elasticity

m MPa slope of the stress-percentage extension curve at a given moment of the test
mg MPa slope of the elastic part of the stress-percentage extension curve ©
ReH MPa upper yield strength
Rol MPa lower yield strength

R MPa tensile strength

Ry MPa proof strength, plastic extension

R, MPa specified permanent set strength

Ry MPa proof strength, total extension

a

b 1MPa=1

Cc

elasticity. This|
averaging extg

CAUTION — 1

Symbol uged in steel tube product standards.

In the elaptic part of the stress-percentage extension curve, the value of the slope may not necessarily represent the modu

2

N mm™

value can closely agree with the value of the modulus of elasticity, if optimal conditions (high resolution, double {
nsometers, perfect alignment of the test piece, etc.) are used.

he factor 100 is necessary if percentage values are used;

us of
ided,

5 Princi

The test inv
more of the

The test is
carried out u

6 Test piece

6.1 Shap

ple

blves straining a test piece by tensile force, generally to fracture, for the determination of o
mechanical properties defined in Clause 3.

carried out at room temperature between 10 °C and 35 °C, unless otherwise specified. T
nder controlled conditions shall be made at a temperature of 23 °C =+ 5 °C.

p and dimensions

6.1.1 Genfral

ne or

[ests

The shape and dimensions of the test pieces may be constrained by the shape and dimensions of the metallic
product from which the test pieces are taken.

The test piece is usually obtained by machining a sample from the product or a pressed blank or casting.
However, products of uniform cross-section (sections, bars, wires, etc.) and also as-cast test pieces (i.e. for
cast iron and non-ferrous alloys) may be tested without being machined.

The cross-section of the test pieces may be circular, square, rectangular, annular or, in special cases, some
other uniform cross-section.

© 1SO 2009 - All rights reserved
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Preferred test pieces have a direct relationship between the original gauge length, L, and the original cross-
sectional area, S,, expressed by the equation L, = k\/S7 , Where £ is a coefficient of proportionality, and are
called proportional test pieces. The internationally adopted value for k is 5,65. The original gauge length shall
be not less than 15 mm. When the cross-sectional area of the test piece is too small for this requirement to be
met with, k= 5,65, a higher value (preferably 11,3) or a non-proportional test piece may be used.

NOTE

By using an original gauge length smaller than 20 mm, the measurement uncertainty is increased.

For non-proportional test pieces, the original gauge length, L, is independent of the original cross-sectional

area,

Sy

The

Oths
agre
DIN

6.1.2

Mac
thes
that

The
coin

The
grips
6.1.3
If the
betw
Anng
As-c
dimg

stan
L, s

6.2

The

Himensional tolerances of the test pieces shall be in accordance with the Annexes B to E((sesd

r test pieces such as those specified in relevant product standards or national standards ma
bment with the customer, e.g. 1ISO 3183["l (API 5L), ISO 11960[2] (API 5CT), ASTM-A370[6], A
501250101 JACS W2[13], and JIS Z2201[14],

Machined test pieces

nined test pieces shall incorporate a transition radius between the gripped ends and the par
e have different dimensions. The dimensions of the transition radius are important and it is re
hey be defined in the material specification if they are not given in the appropriate annex (seq

gripped ends may be of any shape to suit the grips of the testing machine. The axis of the tes
ide with the axis of application of the force.

parallel length, L, or, in the case where the test piece has no transition radii, the free length
, shall always be greater than the original gaugeilength, L.

Unmachined test pieces

test piece consists of an unmachined length of the product or of an unmachined test bar, th
een the grips shall be sufficient for gauge marks to be at a reasonable distance from th
xes B to E).

pst test pieces shall incorperate a transition radius between the gripped ends and the paralle
nsions of this transition-radius are important and it is recommended that they be defined in

lard. The gripped-ends may be of any shape to suit the grips of the testing machine. The pg
hall always be grgater than the original gauge length, L.

Types

main types of test pieces are defined in Annexes B to E according to the shape and type o

6.2).

be used by
STM ESMI7],

bllel length if
commended
6.2).

t piece shall

between the

e free length
e grips (see

length. The
the product
rallel length,

F product, as

show

n.in Table 2. Other types of test pieces can be specified in product standards.
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Table 2 — Main types of test piece according to product type
Dimensions in millimetres

Corresponding
Type of product Annex
Sheets — Plates — Flats Wire — Bars — Sections
N\
N
Thickness Diameter or side
da
0,1<a<3 _ B
_ <4 C
a>3 >4 D
Tubes E

6.3 Preparation of test pieces

The test pieg¢es shall be taken and prepared in accordance with the requirements of the relevant Internatjonal
Standards fqr the different materials (e.g. ISO 377).

7 Determination of original cross-sectional area

The relevan{ dimensions of the test piece should be measured at sufficient cross-sections perpendicular tp the
longitudinal gxis in the central region of the parallel length.of the test piece.

A minimum ¢f three cross-sections is recommended!

The original| cross-sectional area, S, is the average cross-sectional area and shall be calculated from the
measurements of the appropriate dimensions.

The accurady of this calculation depends on the nature and type of the test piece. Annexes B to E desgribe

methods for|the evaluation of S, fordifferent types of test pieces and contain specifications for the accuragcy of
measurement.

8 Marking the original gauge length

Each end of|the original gauge length, L, shall be marked by means of fine marks or scribed lines, but npt by
notches whi¢h eould result in premature fracture.

For proportional test pieces, the calculated value of the original gauge length may be rounded to the nearest
multiple of 5 mm, provided that the difference between the calculated and marked gauge length is less than
10 % of L,. The original gauge length shall be marked to an accuracy of + 1 %.

If the parallel length, L_, is much greater than the original gauge length, as, for instance, with unmachined test
pieces, a series of overlapping gauge lengths may be marked.

In some cases, it may be helpful to draw, on the surface of the test piece, a line parallel to the longitudinal axis,
along which the gauge lengths are marked.

10 © 1SO 2009 — All rights reserved
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9 Accuracy of testing apparatus

The force-measuring system of the testing machine shall be calibrated in accordance with ISO 7500-1, class 1,
or better.

For the determination of proof strength (plastic or total extension) the used extensometer shall be in
accordance with ISO 9513, class 1 or better, in the relevant range. For other properties (with higher extension)

an ISO 9513, class 2 extensometer in the relevant range may be used.

10 C iti f testi
10.1] Setting the force zero point

The [force-measuring system shall be set to zero after the testing loading train has,been asgembled, but
befofe the test piece is actually gripped at both ends. Once the force zero pointohas been sat, the force-
meaguring system may not be changed in any way during the test.

NOTE The use of this method ensures, that on one hand the weight of the gripping system is compenspated for in the
force| measurement and on the other hand any force resulting from the clamping operation does not affect this
meagqurement.

10.2 Method of gripping

The [test pieces shall be gripped by suitable means, such ‘as’wedges, screwed grips, parallel jaw faces, or
shoyldered holders.

Ever
axial
This
exte
In o
expe

A co

10.3

10.3

MetH
para

preli’ﬁ

y endeavour should be made to ensure that test;pieces are held in such a way that the force
y as possible, in order to minimize bending_(iiore information is given in ASTM E10128], f
is of particular importance when testingcbrittle materials or when determining proof stre
hsion), proof strength (total extension) or yield strength.

er to obtain a straight test piece_and ensure the alignment of the test piece and grip arr
inary force may be applied provided it does not exceed a value corresponding to 5 % of the
cted yield strength.

rection of the extension should be carried out to take into account the effect of the preliminar
Testing rate based on strain rate control (method A)

1 General

od Aistintended to minimize the variation of the test rates during the moment when strain r
Mmeters are determined and to minimize the measurement uncertainty of the test results.

s applied as
br example).
ngth (plastic

hngement, a
specified or

y force.

ate sensitive

Two different types of strain rate control are described in this section. The first is the control of the strain rate
itself, éLe, that is based on the feedback obtained from an extensometer. The second is the control of the
estimated strain rate over the parallel length, é Ly which is achieved by controlling the crosshead separation
rate at a velocity equal to the desired strain rate multiplied by the parallel length.

If a material shows homogeneous deformation behaviour and the force remains nominally constant, the strain
rate, e'Le, and the estimated strain rate over the parallel length, e'Lc, are approximately equal. Differences
exist if the material exhibits discontinuous or serrated yielding (e.g. some steels and AlMg alloys in the yield
point elongation range, or materials which show serrated yielding like the Portevin-Le Chatelier effect) or if
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necking occurs. If the force is increasing, the estimated strain rate may be substantially below the target strain
rate due to the compliance of the testing machine.

The testing rate shall conform to the following requirements.

a) In the range up to and including the determination of Ry, R, or R;, the specified strain rate, ¢, (see
3.7.1), shall be applied. In this range, to eliminate the mfluence of the compliance of the tensile testlng
machine, the use of an extensometer clamped on the test piece is necessary to have accurate control

over the strain rate. (For testing machines unable to control by strain rate, a procedure using the

estimated strain rate over the paralle| length ’EL may be used )
Cc

b) During fliscontinuous yielding, the estimated strain rate over the parallel length, e'Lc (see 3.7¢2);"should
be applled. In this range, it is impossible to control the strain rate using the extensometer clamped pn to
the test| piece because local yielding can occur outside the extensometer gauge length! The reqpired
estimatId strain rate over the parallel length may be maintained in this range sufficiently accurately lising

a constant crosshead separation rate, v, (see 3.7.3);
ve FLg € L (1)
where

e is the estimated strain rate over the parallel length;
L. | is the parallel length.

c) In the range following R, or Ry or end of yielding (see 3i7.2), eL or éL can be used. The use of ¢5, is

recommjended to avoid any control problems which may arise if necklng ‘occurs outside the extensoreter
gauge length.

The strain rptes specified in 10.3.2 to 10.3.4,shall be maintained during the determination of the relgvant
material property (see also Figure 9).

During switching to another strain rate or'to another control mode, no discontinuities in the stress-strain gurve
should be infroduced which distort the values of R, Ag or Ag (see Figure 10). This effect can be reduced|by a
suitable gradual switch between the rates.

The shape df the stress-strainCurve in the workhardening range can also be influenced by the strain rate| The
testing rate lised should be documented (see 10.6).

10.3.2 Strain rate for the determination of the upper yield strength, R, or proof strength properti¢s,
R,, and R
p’ t

The strain rate; éL —shaltbekept-as—constant-as—possibtetup-to—and illh:ud;lly the-determination—of ReH r Rp
or R;. During the determination of these material properties the strain rate, e, shall be in one of the two
e

following specified ranges (see also Figure 9).

Range 1: ¢, =0,00007 s~1, with a relative tolerance of +20 %
Range 2: e, =0,00025 s, with a relative tolerance of +#20 % (recommended unless otherwise
specified)

If the testing machine is not able to control the strain rate directly, the estimated strain rate over the parallel
length, e, i.e. constant crosshead separation rate, shall be used. This rate shall be calculated using
Equation (1).
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The resulting strain rate on the test piece will be lower than the specified strain rate because the compliance
of the testing machine is not considered. An explanation is given in Annex F.

10.3.3 Strain rate for the determination of the lower yield strength, R , and percentage yield point
extension, 4,

Following the detection of the upper yield strength (see A.4.2), the estimated strain rate over the parallel
length, ¢, , shall be maintained in one of the following two specified ranges (see Figure 9) until discontinuous
yielding has ended.

[

RangeZ: ¢, =0,0007255s +With a relative tolerance of 20 % (recommended, when R 1S dptermined)
Ran

e 3: ¢, =0,002 s~1, with a relative tolerance of +20 %

10.3}4 Strain rate for the determination of the tensile strength, R, percentage €longation after fracture,
A, percentage total extension at the maximum force, Agts percentage plastic extension at maximum
forc ,Ag, and percentage reduction area, Z

Afterl determination of the required yield/proof strength properties, the estimated strain rate over the parallel
length, ¢, , shall be changed to one of the following specified ranges (see*Figure 9).

RanIe 2: éL = 0,000 25 s~1, with a relative tolerance of +20 %

e 3: ¢ =0,002s~1, with a relative tolerance of +20:%

Ran B

(9

Range 4: e, =0,006 7 s~1, with a relative tolerance of +20 % (0,4 min~!, with a relative |tolerance of

+20 %) (recommended unless otherwise specified)

If thg purpose of the tensile test is only to deterfine the tensile strength, then an estimated strain fate over the
parallel length of the test piece according to\fange 3 or 4 may be applied throughout the entire test.

10.4 Testing rate based on stressrate (method B)

10.4|1 General

The festing rates shall conform to the following requirements depending on the nature of the material. Unless
othefwise specified, any.convenient speed of testing may be used up to a stress equivalent tp half of the
spedified yield strength-"The testing rates above this point are specified below.

10.4{2 Yield and proof strengths

10.4)2.1<_Upper yield strength, R,

The rate of separation of the crossheads of the machine shall be kept as constant as possible and within the
limits corresponding to the stress rates in Table 3.

NOTE For information, typical materials having a modulus of elasticity smaller than 150 000 MPa include magnesium,
aluminium alloys, brass, and titanium. Typical materials with a modulus of elasticity greater than 150 000 MPa include
wrought iron, steel, tungsten, and nickel-based alloys.
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Table 3 — Stress rate

Modulus of elasticity of the material Stress rate
E R
MPa MPa s~
min. max.
< 150 000 2 20
> 150 000 6 60

104.2.2 L
If only the lo
piece shall b
constant as
before yield

In no case s

104.23 U

If both uppe
lower yield s

104.24 P

The rate of
limits corres

Within the p
not exceed (

10.4.25 R

If the testing
equivalent tq

10426 T

the maximum force, 4

area, Z

After determ
rate (or equi

pper and lower yield strengths, R, and R,

ate of separation

bwer yield strength, R

wer yield strength is being determined, the strain rate during yield of the parallel length of the
e between 0,000 25 s~1 and 0,002 5 s~'. The strain rate within the parallel length shall be ke

begins, the controls of the machine not being further adjusted until completionjef-yield.

hall the stress rate in the elastic range exceed the maximum rates given.in_Table 3.

and lower yield strengths are determined during the same testythe conditions for determinin
trength shall be complied with (see 10.4.2.2).

roof strength (plastic extension) and proof strength/(total extension), R, and R,

beparation of the crossheads of the machine shall’be kept as constant as possible and withi
ponding to the stress rates in Table 3 within thé elastic range.

astic range and up to the proof strength (plastic extension or total extension), the strain rate
,002 5571,

machine is not capable(ofymeasuring or controlling the strain rate, a crosshead separation
the stress rate given jnv\lable 3 shall be used until completion of yield.

ensile strength,-RJ), percentage elongation after fracture, 4, percentage total extension
gts percentage plastic extension at maximum force, Ags and percentage reduc

ination_of the required yield/proof strength properties, the test rate may be increased to a {
Valent ‘crosshead separation rate) no greater than 0,008 s~ 1.

b test
pt as

possible. If this rate cannot be regulated directly, it shall be fixed by regulating the stress rat¢ just

g the

h the

shall

rate

jat
tion

train

If only the tensile strength of the material is to be measured, a single strain rate can be used throughout the
test which shall not exceed 0,008 s™1.

10.5 Choice of the method and rates

Unless otherwise agreed, the choice of method (A or B) and test rates are at the discretion of the producer or
the test laboratory assigned by the producer, provided that these meet the requirements of this part of

ISO 6892.

14
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10.6 Documentation of the chosen testing conditions

In order to report the test control mode and testing rates in an abridged form, the following system of
abbreviation can be used:

ISO 6892 Annn, or ISO 6892 Bn

where 'A' defines the use of method A (strain rate control), and 'B' the use of method B (stress rate based).
The symbols 'nnn' are a series of up to 3 characters that refer to the rates used during each phase of the test,
as defined in Figure 9, and 'n' may be added to indicate the stress rate (in MPa s~1) selected during elastic
loading.

EXAMPLE 1 ISO 6892-1:2009 A224 defines a test based on strain rate control, using ranges 2, 2 and4.

EXAMPLE 2 ISO 6892-1:2009 B30 defines a test based on stress rate, performed at a,nominal $tress rate of
30 MPa s~

EXAMPLE 3 ISO 6892-1:2009 B defines a test based on stress rate, performed at acnominal stress rat¢ according to
Tablg 3.

11 Petermination of the upper yield strength
Ry nay be determined from the force-extension curve or peak lead indicator and is defined as the maximum
valug of stress prior to the first decrease in force. The latter is\obtained by dividing this force by the original
cros$-sectional area of the test piece, S, (see Figure 2).

12 Petermination of the lower yield strength
Rg Is determined from the force-extension cttve and is defined as the lowest value of stress during plastic

yieldjng, ignoring any initial transient effects,"The latter is obtained by dividing this force by the ofiginal cross-
sectipnal area of the test piece, S, (seeFigure 2).

For productivity of testing, R, may.be reported as the lowest stress within the first 0,25 % strain after R, not
taking into account any initial transient effect. After determining R, by this procedure, the test [rate may be
incrgased as per 10.3.4. Use ofthis shorter procedure should be recorded on the test report.

NOT This clause only-applies to materials having yield phenomena and when A4, is not to be determingd.

13 Petermination of proof strength, plastic extension

13.1| R, is>determined from the force-extension curve by drawing a line parallel to the linear portion of the
curve and at a dlstance from it equivalent to the prescrlbed plastic percentage extenS|on e.g. 0,2 fo. The point
¢ngth plastic
extension. The latter is obtained by d|V|d|ng this force by the original cross-sectional area of the test piece, S,

(see Figure 3).

If the straight portion of the force-extension curve is not clearly defined, thereby preventing drawing the
parallel line with sufficient precision, the following procedure is recommended (see Figure 6).

When the presumed proof strength has been exceeded, the force is reduced to a value equal to about 10 % of
the force obtained. The force is then increased again until it exceeds the value obtained originally. To
determine the desired proof strength, a line is drawn through the hysteresis loop. A line is then drawn parallel
to this line, at a distance from the corrected origin of the curve, measured along the abscissa, equal to the
prescribed plastic percentage extension. The intersection of this parallel line and the force-extension curve
gives the force corresponding to the proof strength. The latter is obtained by dividing this force by the original
cross-sectional area of the test piece, S, (see Figure 6).
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NOTE 1

:2009(E)

Several methods can be used to define the corrected origin of the force-extension curve. One of these is to

construct a line parallel to that determined by the hysteresis loop so that it is tangential to the force-extension curve. The
point where this line crosses the abscissa is the corrected origin of the force-extension curve (see Figure 6).

NOTE 2

extension of R,. Starting points at much higher strain values reduce the slope of the line through the hysteresis loop.

NOTE 3

during and after discontinuous yielding.

The plastic strain at the starting point of force reduction is only slightly higher than the specified plastic

If not specified in product standards or agreed by the customer, it is inappropriate to determine proof strength

13.2 The property may be obtained without plotting the force-extension curve by using automatic devices
(microprocessor, etc.), see Annex A.

NOTE A

14 Detern

141 Ryis g
to the ordin
extension. T

strength. The

(see Figure

14.2 The p
(see Annex

15 Method of verification of permanent set strength

The test pig
obtained by
removing th
percentage

NOTE T
applied to thq
specification

was applied t¢ the test piece and the resulting permanent set was less than or equal to 0,5 %.

16 Detery

hother available method is described in GB/T 228[12],

hination of proof strength, total extension

etermined on the force-extension curve, taking 10.2 into consideration, by drawing a line pa
bte axis (force axis) and at a distance from this equivalent to the prescribed total percern
he point at which this line intersects the curve gives the force corresponding to the desired
latter is obtained by dividing this force by the original cross-sectional area of the test piec

1).

roperty may be obtained without plotting the force-extensién Curve by using automatic de
M),

ce is subjected to a force corresponding to-the specified stress for 10 s to 12 s. This for|
multiplying the specified stress by the efiginal cross-sectional area of the test piece, S,.
b force, it is then confirmed that the petmanent set extension or elongation is not more tha
bpecified for the original gauge lengthsee Figure 5.

Nis is a pass/fail test, which is not normally performed as a part of the standard tensile test. The §

test piece and the permissible.permanent set extension or elongation are specified either by the prj
br the requester of the test.[Example: Reporting “R,p 5 = 750 MPa Pass” indicates that a stress of 750

hination of the percentage yield point extension

For materia
subtracting
the start of
minimum pg

correspondirig

s that exhibit discontinuous yielding, 4, is determined from the force-extension curv
he extension at R,y from the extension at the start of uniform workhardening. The extensi
nifornT-workhardening is defined by the intersection of a horizontal line through the last

rallel
tage
proof
e, Sg

Vices

ce is
After
h the

tress
bduct
MPa

a)

e by
bn at
local

line

|nt or a regressmn Ilne through the range of y|eId|ng pr|or to umform workhardenlng and E:

It is expressed as a percentage of the extensometer gauge length, L.

The method

used [see Figure 7 a) or b)] should be documented in the test report.

17 Determination of the percentage plastic extension at maximum force

e7).

The method consists of determining the extension at maximum force on the force-extension curve obtained
with an extensometer and subtracting the elastic strain.

16
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Calculate the percentage plastic extension at maximum force, Ag, from Equation (2):

Ag =[A]J_m_R_m)x100
Le mg

where

NOTE
the ektension at the mid-point of the plateau, see Figure 1.

18

The
with

Calc

wherne

NOT
the e

19

The
exte

Calc

L, s the extensometer gauge length;

mg is the slope of the elastic part of the stress-percentage extension curve;

()

R, is the tensile strength;
AL, is the extension at maximum force.

E For materials which exhibit a plateau at maximum force, the percentage plastic extension at ma

Determination of the percentage total extension at maximum force

method consists of determining the extension at maximum forge on the force-extension cu
an extensometer.

Lilate the percentage total extension at maximum force, 4, \from Equation (3):

gty
AL

m %100

e

Agt

. is the extensometer gauge length;
AL, is the extension at maximum ferce.

E For materials which exhibjt a plateau at maximum force, the percentage total extension at max
ktension at the mid-point of the plateau, see Figure 1.

Determination-of the percentage total extension at fracture

method consists of determining the extension at fracture on the force-extension curve obtd
hsometer:

Lilate the percentage total elongation at fracture, 4;, from Equation (4):

imum force is

rve obtained

©)

imum force is

ined with an

_ AL

A4y x100

e

where

L, s the extensometer gauge length;

AL; is the extension at fracture.

© 1SO 2009 - All rights reserved
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20 Determination of percentage elongation after fracture
20.1 Percentage elongation after fracture shall be determined in accordance with the definition given in 3.4.2.

For this purpose, the two broken pieces of the test piece shall be carefully fitted back together so that their
axes lie in a straight line.

Special precautions shall be taken to ensure proper contact between the broken parts of the test piece when
measuring the final gauge length. This is particularly important for test pieces of small cross-section and test

pieces having low elongation values.

Calculate thgpercentageetongatiomafterfracture; z fromEquator(5)——————————————————————————————

Elongation &
device with §

If the specifi
be taken (sg
the nearest
of the fractu

20.2 When
lengths. The
the elastic e
the manual
bandwidth o

The result g
extensometd
cross-sectio

If the produ
length, the e

20.3 If elon
using conve
and I1SO 256

_LO

x100

K

ne original gauge length;
ne final gauge length after fracture.

fter fracture, L, — L, shall be determined to the nearest 0,25ymm or better using a meas
ufficient resolution.

ed minimum percentage elongation is less than 5 %, it'is'recommended that special precau
e Annex G). The result of this determination is valid.only if the distance between the fracturg
jauge mark is not less than L /3. However, the measurement is valid, irrespective of the po
e, if the percentage elongation after fracture is gqual to or greater than the specified value.

extension at fracture is measured using.an extensometer, it is not necessary to mark the g
elongation is measured as the total extension at fracture, and it is therefore necessary to d¢
Ktension in order to obtain percentage\elongation after fracture. To obtain comparable values
method, additional adjustmentsicanh be applied (e.g. high enough dynamic and frequ
[ the extensometer, see A.3.2).

r gauge length, L.. The” measurement is valid regardless of the position of the fra
n if the percentage elongation after fracture is equal to or greater than the specified value.

t standard specifies the determination of percentage elongation after fracture for a given g
xtensometer ‘gauge length should be equal to this length.

gationdssmeasured over a given fixed length, it can be converted to proportional gauge le
Fsion formulae or tables as agreed before the commencement of testing (e.g. as in ISO 25
6-2).

®)

uring

tions
and
sition

auge
bduct
with
ency

f this determination is valid-only if fracture and localized extension (necking) occurs withip the

cture

huge

ngth,
66-1

NOTE

Comparisons of percentage elongation are possible only when the gauge length or extensometer gauge

length, the shape and area of the cross-section are the same or when the coefficient of proportionality, £, is the same.

21 Determination of percentage reduction of area

Percentage reduction of area shall be determined in accordance with the definition given in 3.8.

If necessary, the two broken pieces of the test piece shall be carefully fitted back together so that their axes lie

in a straight

18

line.
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Calculate the percentage reduction of area, Z, from Equation (6):

z="0"5u 100 (6)
o
where
S, s the original cross-sectional area of the parallel length;
S, is the minimum cross-sectional area after fracture.

u

Measure S, to an accuracy of £ 2 % (see Figure 13).

NOT Measuring S, with an accuracy of £2 % on small diameter round test pieces, or test pieces with other cross-
sectipnal geometries, may not be possible.

22 [lest report

The |test report shall contain at least the following information unless otherwise agreed by| the parties
congerned:

a) reference to this part of ISO 6892 extended with the test condition information specified jn 10.6, e.g.
SO 6892-1:2009 A224;

b) |dentification of the test piece;

c) ppecified material, if known;

d) [ype of test piece;

e) |ocation and direction of sampling of test-pieces, if known;

f) lesting control mode(s) and testing rate(s) or testing rate range(s) (see 10.6) if differgnt from the
recommended methods and values given in 10.3 and 10.4;

g) [estresults.
Resllts should be rounded;to the following precisions or better, if not otherwise specified in produ¢t standards:
— Pptrength values{ in“megapascals, to the nearest whole number;

— percentage,yield point extension values, 4, to the nearest 0,1 %;

— Bl otherpercentage extension and elongation values to the nearest 0,5 %;

— percentage reduction of area, 7, to the nearest 1 %

23 Measurement uncertainty

23.1 General

Measurement uncertainty analysis is useful for identifying major sources of inconsistencies of measured
results.

Product standards and material property databases based on this part of ISO 6892 and earlier editions of

ISO 6892 have an inherent contribution from measurement uncertainty. It is therefore inappropriate to apply
further adjustments for measurement uncertainty and thereby risk failing product which is compliant. For this
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reason, the estimates of uncertainty derived by following this procedure are for information only, unless
specifically instructed otherwise by the customer.

23.2 Test conditions

The test conditions and limits defined in this part of 1ISO 6892 shall not be adjusted to take account of
uncertainties of measurement, unless specifically instructed otherwise by the customer.

23.3 Test results

The estimat
to product s

ecifications, unless specifically instructed otherwise by the customer.

n of

For considefation of uncertainty, see Annexes J and K, which provide guidance for the determinatic
up of

uncertainty related to metrological parameters and values obtained from the interlaboratory tests on a gro
steels and aluminium alloys.

Ae

A
Y

Ael2

A

 J

X A P Nel2

Y
i

Rm

Y

A

 J

A

 J

A

A percentage elongation after fracture [determined from the extensometer signal or directly from the test piece (see 2.

A4g percentage plastic extension at maximum force
Agr percentage total extension at maximum force
At percentage total extension at maximum fracture

e percentage extension
slope of the elastic part of the stress-percentage extension curve

R stress

R, tensile strength
Ae plateau extent (for determination ong, see Clause 17, for determination of Agt, S€€ Clause 18)

Figure 1 — Definitions of extension
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T a a
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a) b)

I A
3 <
g Q:w b
Yy v - Y -
0 e 0 e
c) d)
Key
e percentage extension
R  ptress

Renq bpper yield strength
ReL |ower yield strength

a nitial transient effect.

Figure.2.— Examples of upper and lower yield strengths for different types of curye
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A
 J

Key
e percentage extension

ep specified [percentage plastic extension
R stress
R, proof strgngth, plastic extension

Figure 3 — Proof strength, plastic extension; R, (see 13.1)

Ry

A
 J

Key
e percentage extension
e; percentage total extension

R stress
R proof strength, total extension

Figure 4 — Proof strength, total extension, R,
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R

er

A
 J

ercentage elongation or percentage extension
ercentage permanent set extension or elongation

[
=
[0 o T -

tress
dpecified permanent set strength

=
0

Figure 5 — Permanent set strength, R,

o
oV

Y
A

e pfercentage extension

e, gpecified percentage plastic extension
R stress

proof strength, plastic extension

Figure 6 — Proof strength, plastic extension, Ry, alternative procedure (see 13.1)
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XA I\ |
[ [
A A
A 4
| Ae | y Ae b
I I
o o
x iq
v - Y -
0 e 0 e
a) Horizontal line method b) Regression-method

Key

Ae percentage yield point extension
e percentai

R stress
Ren upper yie|d strength

e extension

@  Horizontdl line through the last local minimum point, prior to uniform“workhardening.
b Regressi¢n line through the range of yielding, prior to uniformvorkhardening.
¢ Line corrgsponding to the highest slope of the curve occurring at the start of uniform workhardening.

rigure 7 — Different evaluation methods for percentage yield point extension, 4,
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A
A \ M
5
=
£ < @
| - vy v -
0 e 0 e
a) Roy<Ry b) R,y >Rp,
XA
A
I
[0
¢
Y -
0 e
c) Special case of stress-percentage extension behaviour 2
Key
e percentage extension
R dtress
Ren Ypper yield strength
R, tensile strength
a8  Hor/materials which display this behaviour, no tensile strength is defined according to this part of 1SO 6892. If
necegsary, separate agreements can be made between the parties concerned.

Figure 8 — Different types of stress-extension curve for determination of tensile strength, R,
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é/s!
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10"

e strain rate
R stress rale

\ A o A
o -
- s 10—2 -
4a .E

10% -

- 10° -
102 |

° 2

= | 10 >
10"

— 10° |-

| tEC ol tC -

B 1 I 1 10° o o
R bH ReL Rm t tel t tel tp| tf t
R Agt, Ag Ren Ren Rel Rm
R: Ay A Ry Rp Ry Ay Ag

R, R, R, A, A
Z
a) Method A b) Method B

t time progress of the tensile test

t.  crosshedd control time

tec €Xtensor
te timeran
t  time range (usually up to fraCture) for determination of the parameters listed (see Table 1 for designations)

1 range 1:
2 range 2:
3 range3:
4  range 4:

pl timeran

heter control time or crosshead control time
e (elastic behaviour) for-determination of the parameters listed (see Table 1 for designations)

e (plastic behavijour) for determination of the parameters listed (see Table 1 for designations)
é =0,000 0751, with a relative tolerance of +20 %
é =0,00025 s, with a relative tolerance of +20 %
é =0:002 s, with a relative tolerance of +20 %
¢~=0,006 7 s, with a relative tolerance of +20 % (0,4 min~1, with a relative tolerance of +20 %)

a Recommended.

NOTE

26

Expanded range to lower rates, if testing machine is not capable of measuring or controlling the strain rate (see 10.4.2.5).

Strain rate in the elastic range for method B is calculated from stress rate using a Young modulus of
210 000 MPa (steel).

Figure 9 — lllustration of strain rates to be used during the tensile test,
if Rops Rl Rp, Riy Ry Ag, Agt, A, 4y and Z are determined
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\qy'}

e
Key
e fercentage extension
dtress
a8  Halse values, resulting from an abrupt strain rate increase.
b Stress-strain behaviour, if strain rate is abruptly increased.
NOTE For parameter definitions, see Table 1.
Figure 10 — lllustration of an inadmissible discontinuity in the stress-strain curve
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So

Y

A
Q
o

A
 J

Lc

A
Y

L

A
 J

a) Before testing

A
 J

b) After testing

a, original ttlickness of a flat test piece or wall thickness of a tube
b, original Width of the parallel length of a flat test piece

L. parallel Igngth

L, original gauge length

L; total lengfh of test piece

L, final gaude length after fracture

S, original cfoss-sectional area of the parallel length

1 gripped ends

NOTE The shape of the test-piece heads)is only given as a guide.

Figure 11 — Machined-test pieces of rectangular cross-section (see Annexes B and D)
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So

So

So

Lo

A
¥

Key
L, (griginal gauge length
S, griginal cross-sectional area

Figure 12 — Test pieces comprising an unmachined portion of the product (see Anngx C)
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NOTE T

30

So

O
N/

Y

A

 J

A

do

 J

A

original d
parallel I¢

a) Before testing

Su

A

b) After testing

ameter of the parallel length of a circular test piece
ngth

original gauge length

total leng
final gaud
original ¢
minimum

h of test piece

e length after fracture

oss-sectional area of the parallel length
cross-sectional area after fracture

e shape of the test-piece heads is only given as a guide.

 J

Figure 13 —Machined test pieces of round cross-section (see Annex D)
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© - L -
v T LLLTON,
, i
(o]
Q
B Lo ; \
So - o 1

a) Before testing

Su

A

b) After testing

Key

aq griginal wall thickness of a tube

D, qgriginal external diameter of a tube
L, (driginal gauge length

ptal length of test piece

nal gauge length after fracture

riginal cross-sectional area of the parallel length
hinimum cross-sectional area.after fracture

~
c
(@) = (@) = =~ o (@)

ripped ends

Figure 14 — Test pieces comprising a length of tube (see Annex E)
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So 1

sy

Y
A

bo

A
Y

A
 J

A
Y

a) Before testing

Su

Ly

A
Y

b) After testing

Key
ao original wall thickness of a tube

b, original ayerage width of the longitudinal strip takendrom a tube
L. parallel Igngth

L, original gauge length

Ly total length of test piece

L, final gaude length after fracture

S, original cfoss-sectional area of the parallel length

Sy minimum|cross-sectional area after fracture

1 gripped ends

NOTE The shape of the-test-piece heads is only given as a guide.

Figure 15 — Test piece cut from a tube (see Annex E)
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Annex A
(informative)

Recommendations concerning the use of computer-controlled tensile

A1

This
com
take

Thege recommendations are related to the design, the software of the machine@nd its validatio
operpting conditions of the tensile test.

A.2

For the purposes of this annex, the following definition applies.

A.2.]
computer-controlled tensile testing machine

mac

undgrtaken by computer

A3

A.3.1 Design

The

software. If such outputsare not provided, the machine manufacturer should give raw digit

infor
give
piec

testing machines

General

annex contains additional recommendations for the determination of mechanical propertie
puter-controlled tensile testing machine. In particular it provides the recommendations tha
h into account in the software and testing conditions.

Terms and definitions

hine for which the control and monitoring of the test, the measurements, and the data prq

Tensile testing machine

machine should be designed in order to provide outputs giving analogue signals untre

mation on how these-raw digital data have been obtained and treated by the software. The
in basic Sl units-relating to the force, the extension, the crosshead separation, the time
dimensions. An example of the format of suitable data files is given in Figure A.1.

5 by using a
t should be

n, and to the

cessing are

ated by the

al data with

y should be
and the test
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//’_"Reference";"ISO 6892"
"Identification"; "TENSTAND"
"Material”;"DC 04 Steel”
"Extensometer to crosshead transition™;0.00;"%"
"Specimen geometry";"flat"
"Specimen thickness = ao"
"Specimen width = bo"
"Cross-sectional area = So"
"Extensometer gauge length = Le"
l\ "Extensometer output in mm"
"Parallel length = Lc"
"Data acquisition rate 50Hz™
"Data row for start force reduction (Hysteresis) = Hs"
"Data row for end force reduction (Hysteresis) = He"
"Data row for swtich to crosshead = Cs"
"File length N data rows"
"File width M data columns”

>"ao";0.711;"rnm"

"bo™;19.93; "mm"
"So";14.17; "mm2"
"Le";80.00; "mm"

"Lc";120.00; "mm"
B < "N";2912

"4

"HS"; O

"He";0
nCs"; 0

>>>"time";"crosshead";"extensometer";"force"
WG MV B e
; ; ;

.40;0.0012;0.0000;0.12694
.42;0.0016;0.0000;0.12992
.44;0.0020;0.0001;0.13334
.46;0.0024;0.0002;0.13699
.48;0.0029;0.0003;0.14114
.50;0.0035;0.0004;0.14620
.52;0.0041;0.0006;0.15124
.54;0.0047;0.0007;0,15669
.56;0.0054;0.0008;0.%6247
.58;0.0060;0.000970-16794
.60;0.0067;0,001270.17370
.62;0.0074;0.0013;0.17980
.64;0.0082;0.0014;0.18628

OO OO OO OO oT o

\_-

Key

A header

B test parameters and sample dimensions
C data

Figure A.1 — Example of the format of suitable data files

A.3.2 Data sampling frequency

The frequency bandwidth of each of the measurement channels and the data sampling frequency should be
sufficiently high to record the material characteristics to be measured. For example to capture Ry,
Equation (A.1) may be used to determine the minimum sampling frequency, f,, in reciprocal seconds:
fmin:iX100 (A1)
Ren g
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where
e isthe strain rate, in reciprocal seconds;
E is the modulus of elasticity, in megapascals;
R is the upper yield strength, in megapascals;

g is the relative force measurement accuracy error, expressed as a percentage, of the testing machine
(according to ISO 7500-1).

The FNOICE Of R i Equation (AT) 1S due 1o the fact that it corresponds 1o a transient characterisiic during the

test.|If the material tested has no yield phenomena, the proof strength R4 , should be used @fid|the required
minimum sampling frequency can be halved.

If method B (stress rate based) is used, the minimum sampling frequency should be calcylated using
Equation (A.2):

=R x100 (A2)
Reh q

whete R is the stress rate, in megapascals per second.

A.4| Determination of the mechanical properties

A.4N1 General

The following requirements should be taken into aceount by the software of the machine.

A.4.2 Upper yield strength
Rep [3.10.2.1) should be considered.as-the stress corresponding to the highest value of the forgce prior to a

redugtion of at least 0,5 % of the_force, and followed by a region in which the force should not exceed the
previous maximum over a strain‘range not less than 0,05 %.

A.4.B Proof strength at plastic extension and proof strength at total extension

R, (3.10.3) and Ry (3:10-4) can be determined by interpolation between adjacent points on the curye.

A.4.4 Percentage total extension at maximum force

Agt ($ee.3.64 and Figure 1) should be considered as the total extension corresponding to the maximum of the
stregs¢strain curve after yield point phenomena.

For some materials it is necessary to smooth the stress-strain curve in which case a polynomial regression is
recommended. The smoothing range may have an influence on the result. The smoothed curve should be a
reasonable representation of the relevant part of the original stress-strain curve.

A.4.5 Percentage plastic extension at maximum force

A, (see 3.6.5 and Figure 1) should be considered as the plastic extension corresponding to the maximum of
the stress-strain curve after yield point phenomena.

For some materials it is necessary to smooth the stress-strain curve in which case a polynomial regression is

recommended. The smoothing range may have an influence on the result. The smoothed curve should be a
reasonable representation of the relevant part of the original stress-strain curve.
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A.4.6 Percentage elongation at fracture
A.4.6.1 Determine 4; with reference to the definition of fracture in Figure A.2.
The fracture is considered to be effective when the force between two consecutive points decreases:

a) by more than five times the difference between the value of the previous two points, followed by a
decrease to lower than 2 % of the maximum tensile force;

b) lower than 2 % of the maximum tensile force (soft materials).

Another useful method for detecting the fracture of the test piece is to monitor the voltage or electric cUrrent
through the fest piece, when the values measured just before the current is interrupted are taken as’these at
fracture.
w A <
W
£ <
m
L
'}
1
<
E
W
<
% | & o
0 A ¢
&
W
Key
F force
Fr maxifnum force
Fiq force|at measuring point n + 1
AF, -1 force|difference between measuring point» and n — 1
AF,,q, force|difference between measuring point» + 1 and n
t time
1 fracture
O data point

Criteria for fracture
|AFn+1,n| > 5|AFn,n—1|

and/or
F,.1<0,02F,

Figure A.2 — Schematic representation for definition of fracture of the test piece
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A.4.6.2 If the extensometer is kept on and the extension is measured until the fracture, evaluate the value
at point 1 in Figure A.2.

A.4.6.3 If the extensometer is removed or if the extension measurement is interrupted before fracture but
after maximum force, F,,,, then it is permitted to use crosshead displacement to determine the additional
elongation between removal of the extensometer and fracture. The method used should be verifiable.

A.4.7 Measurement of the slope of the curve in the elastic range

In order to be valid for test pieces of unknown characteristics, the method used should not rely upon any
predefined stress limit, unless this is defined in the product standard or by agreement between parties to the
test.

The |most convenient methods based on the calculation of the characteristics of a sliding-segment are the
mos{ convenient. The parameters are:

a) the length of the sliding segment (number of points used);
b) he equation chosen as reference to define the slope of the curve.
NOTE If the straight portion of the force extension curve is not clearly defined, refer to 13.1.

The [slope of the curve in the elastic range corresponds to the miean slope in a range where the following
conditions are fulfilled:

c) the slope of the sliding segment is constant;
d) [he selected range is representative.

In arly case, it should be recommended that pertinent limits for the range can be selected by the {iser in order
to eliminate unrepresentative values of the slope’of the curve in the elastic range.

References to these and other acceptaple methods are given in References [5], [17], [18], [19].
A re¢ommended method to determine the slope of the elastic line for evaluation of Rpo.2 (Referenge [20]):
— |inear regression of the linear range;
—  |ower limit: ~10 % of Ry 5;
— Hpper limit: ~50°% of R, 5;

— o get mote)exact data for R 5, the elastic line must be checked and if necessary recalculated with other
imits.

A.5 Validation of the software for determination of the tensile properties

The efficiency of the methods used by the testing system to determine the various material characteristics
may be checked by comparison with results determined in the traditional manner by examination/calculation
from plots of analogue or digital data. Data which are derived directly from the machine transducers or
amplifiers should be collected and processed using equipment with frequency bandwidth, sampling frequency
and uncertainty, of at least equal to those used to provide the machine computer-calculated results.

Confidence may be placed in the accuracy of the machine computer processing if differences in arithmetic
means between computer-determined values and those determined manually on the same test piece are
small. For the purposes of assessing the acceptability of such differences, five similar test pieces should be
tested and the average difference for each relevant property should lie within the limits shown in Table A.1.
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NOTE 1 This procedure confirms only that the machine finds the material characteristics for the particular test piece
shape, material tested and conditions used. It gives no confidence that the properties of the material tested are either
correct or fit for purpose.

If other methods are used, e.g. injection of a pre-determined set of data from a known material with a
recognized level of quality assurance, these should meet the requirements mentioned above and those in

Table A.1.

NOTE 2

agreed values of tensile properties that may be used for validation of software.

http://www.npl.co.uk/tenstand] Further details are given in References [21] and [22].

As part of the EU-funded TENSTAND project (GBRD-CT-2000-00412), ASCII data files were produced with
[Available (2009-07-23) at

Table A.1 — Maximum permitted differences between computer-derived and manually derived resylts
D2 sP
Parameter
Relative ° Absolute ° Relative ° Absolute ©
Rpol2 <05% 2 MPa <0,35% 2 MPa
Rp <05% 2 MPa <0,35% 2 MPa
Rely <1% 4 MPa <0,35% 2 MPa
Rel <05% 2 MPa <035% 2 MPa
Ry <05% 2 MPa 0,35 % 2 MPa
A — <2% — <2%
a 1 n
D=—)>1D; .
n ; !
b 1 n 2
= |— D,—D
il e DUC Y
i=1
where
D; is th¢ difference between the result of manual~evaluation, H;, and the result of computer evaluation, R;, for a test piece
(D; =|H; = Ry);
n is thgd number of identical test pieces from_one sample (> 5).
€ The highest of the relative and absolute values’should be taken into account.

38
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Annex B
(normative)

Types of test pieces to be used for thin products: sheets, strips and flats

between 0,1 mm and 3 mm thick

NOTE For products of less than 0,5 mm thickness, special precautions may be necessary.

B.1
Gen
shall
thes
By 1

prod
prod

B.2
Thre
The
In cq
For g
origi
grips

Whe

be c

The
shap
of th

For fst pieces where theZwidth is the same as that of the product, the original cross-sectional a
I

Shape of the test piece

be connected to the ends by means of transition curves with a radius of at\least 20 mm.
e ends should be > 1,2b,, where b is the original width.

greement, the test piece may also consist of a strip with parallel sides (parallel sided tes

Licts of width equal to or less than 20 mm, the width of the test piece may be the same a
Lict.

Dimensions of the test piece

e different non-proportional test piece geometries aré 'widely used (see Table B.1).
parallel length shall not be less than L, + by/2:

se of dispute, the length L, + 25, should be-used, unless there is insufficient material.
arallel side test pieces less than 20 mm wide, and unless otherwise specified in the product s

pal gauge length, L, shall be equal to 50 mm. For this type of test piece, the free length
shall be equal to L + 3b,,

culated on the basis of the measured dimensions of the test piece.

nominal width-of the test piece may be used, provided that the machining tolerances and g
e given.n _Jable B.2 have been complied with, to avoid measuring the width of the test piec
e test:

erally, the test piece has gripped ends which are wider than the parallel length:)The parallgl length, L,

The width of

I piece). For
5 that of the

tandard, the
between the

h measuring the dimensians of each test piece, the tolerances on shape given in Table B.2 shall apply.

rea, S,, shall

lerances on
e at the time
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Table B.1 — Dimensions of test pieces

Dimensions in millimetres

Test piece Width Original gauge Parallel length Free length between the grips
type b length I for parallel sided
o I c test piece
° Minimum | Recommended
1 12511 50 57 75 87,5
2 201 80 90 120 140
3 25+1 502 60° — Not defined

test piece typep.

@  The ratio|Ly/bg and Lc/by of a type 3 test piece in comparison to one of types 1 and 2 is very low. As a result the propgrties,
especially the Elongation after fracture (absolute value and scatter range), measured with this test piece will be different from_the |other

Table B.2 — Tolerances on the width of the test piece

Dimensions andtolerances in millimetres

Nominal width of the test piece

Machining tolerance @

Tolerance on shape?

12,5 +0,05 0,06
20 +0,10 0,12
25 +0,10 0,12

without having|to measure it.

@8  These tolprances are applicable if the nominal value of the original cross-sectional area, S, is to be included in the calculation

b Maximum|deviation between the measurements of the width along the entire parallel length, L, of the test piece.

B.3 Preparation of test pieces

The test pie¢es shall be prepared so as not to affect the properties of the sample. Any areas which have peen
hardened byl shearing or pressing shall be removed by machining.

These test pieces are predominantly prepared from sheet or strip. If possible, the as-rolled surfaces should

not be remoyed.

NOTE The preparation of these-test pieces by punching can result in significant changes to the material propgrties,
especially the yield/proof strength’(due to workhardening). Materials which exhibit high workhardening should, gengrally,

be prepared Ry milling, grinding-etc.

For very thin materials,)it is recommended that strips of identical widths should be cut and assembled ipto a
bundle with |intermédiate layers of a paper which is resistant to the cutting oil. Each small bundle of $trips
should then|be/assembled with a thicker strip on each side, before machining to the final dimensions df the

test piece.

The tolerance given in Table B.2, e.g. £ 0,05 mm for a nominal width of 12,5 mm, means that no test piece
shall have a width outside the two values given below, if the nominal value of the original cross-sectional area,
Sy, is to be included in the calculation without having to measure it:

12,5 mm + 0,05 mm = 12,55 mm

12,5 mm - 0,05 mm =12,45 mm

40
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B.4 Determination of the original cross-sectional area
S, shall be calculated from measurements of the dimensions of the test piece.

The error in determining the original cross-sectional area shall not exceed + 2 %. As the greatest part of this
error normally results from the measurement of the thickness of the test piece, the error in measurement of
the width shall not exceed £ 0,2 %.

In order to achieve test results with a reduced measurement uncertainty it is recommended that the original
cross-sectional area be determined with an accuracy of £ 1 % or better. For thin materials special measurement
techniques may be required.
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Annex C
(normative)

Types of test pieces to be used for wire, bars and sections with

a diameter or thickness of less than 4 mm

C.1 Shapp of the test piece

The test piec

e generally consists of an unmachined portion of the product (see Figure 12).

C.2 Dimensions of the test piece

The original

gauge length, L, shall be taken as 200 mm +2 mm, or 100 mm + 1 mm.'The distance bet

the grips of the machine shall be equal to at least L, + 3b, but @ minimum of L, + 20-mm.

If the percemtage elongation after fracture is not to be determined, a distafice between the grips of at

50 mm may

be used.

C.3 Preparation of test pieces

If the produg

t is delivered coiled, care shall be taken in straightening it.

C.4 Determination of the original cross=sectional area

Determine S

For products

D

to an accuracy of + 1 % or better.

veen

least

of circular cross-section, the ‘original cross-sectional area may be calculated from the arithietic

nown

C.1)

mean of twolmeasurements carried o0t jn two perpendicular directions.
The original| cross-sectional area;)S,, in square millimetres, may be determined from the mass of a k
length and its density using Equation (C.1):
s, - 1_(;01(lm
where
m is the mass, in grams, of the test piece;
L, is the total length, in millimetres, of the test piece;
p is the density, in grams per cubic centimetre, of the test piece material.
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Annex D
(normative)

Types of test pieces to be used for sheets and flats of thickness equal to
or greater than 3 mm, and wire, bars and sections of diameter or

thickness equal to or greater than 4 mm

D1

Usud
the d

Shape of the test piece

lly, the test piece is machined and the parallel length shall be connected by means. of tran
ripped ends which may be of any suitable shape for the grips of the testing machine (see Fig

minimum transition radius between the gripped ends and the parallel length shall be;

The

For
exce

In ge

D.2
D.2.
The
a)

b)

D,754d,,, where d, is the diameter of the parallel length, for the cylindrical-test pieces;

12 mm for other test pieces.

ons, bars, etc., may be tested unmachined, if required.

cross-section of the test piece may be circular, square, rectangular or, in special cases, of an

pst pieces with a rectangular cross-section, it is recommended that the width to thickness rat
ed 8:1.

neral, the diameter of the parallel length of . machined cylindrical test pieces shall be not less {

Dimensions of the test piece

1 Parallel length of machined test piece
barallel length, L, shall'be at least equal to:
., + (d,/2) for cylindrical test pieces;

[, + 1,5,/ Sofor other test pieces.

In cases of dispute, the length L, +2d, or L, + 2,/S, shall be used depending on the type g

unle

5s_there is insufficient material.

sition radii to
ure 13). The

bther shape.

o0 should not

han 3 mm.

f test piece,

D.2.2 Length of unmachined test piece

The free length between the grips of the machine shall be adequate for the gauge marks to be at least a
distance of /S, from the grips.
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D.2.3 Original gauge length

D.2.3.1 Proportional test pieces

As a general rule, proportional test pieces are used where L is related to the original cross-sectional area, S,,,
by Equation (D.1):

Lo =k\[So (D.1)

where £ is equal to 5,65.

Alternatively| 11,3 may be used as the & value.

Test pieces pf circular cross-section should preferably have one set of dimensions given in Table D.A1.

Table D.1 — Circular cross-section test pieces

Coefficient of proportionality Diameter Original gauge length Minimum parallel length

k d Lo = kS, Le

mm mm mm

20 100 110

14 70 77

5,65
10 50 55
5 25 28

D.2.3.2 Non-proportional test pieces
Non-proportjonal test pieces may be used if specified by the product standard.

The parallel|length, L., should not be less thanZ, + b,/2. In case of dispute, the parallel length L, =L, + 25

(o]
shall be usegl unless there is insufficient material.

Table D.2 gijes details of some typical test piece dimensions.

Table D.2 — Typical flat test piece dimensions
Dimensions in millinetres

Width Original gauge length Minimum parallel length | Approximately total length
bo Lo Le Ly
40 200 220 450
25 206 245 456
20 80 90 300

D.3 Preparation of test pieces

D.3.1 General
The tolerances on the transverse dimensions of machined test pieces are given in Table D.3.

An example of the application of these tolerances is given in D.3.2 and D.3.3.
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D.3.2 Machining tolerances

The value given in Table D.3, e.g. £ 0,03 mm for a nominal diameter of 10 mm, means that no test piece shall
have a diameter outside the two values given below, if the nominal value of the original cross-sectional area,
S, is to be included in the calculation without having to measure it:

10 mm + 0,03 mm = 10,03 mm

10 mm - 0,03 mm = 9,97 mm

D.3.3 Tolerances on shape

The palue given in Table D.3 means that, for a test piece with a nominal diameter of 10 mm which| satisfies the
machining conditions given above, the deviation between the smallest and largest diameters mgasured shall
not gxceed 0,04 mm.
Congequently, if the minimum diameter of this test piece is 9,99 mm, its maximum:diameter shall not exceed
9,99Imm + 0,04 mm = 10,03 mm.
Table D.3 — Tolerances relating to the transverse dimensions of test pieces
Dimensions and toleranceq in millimetres
Desi . Nominal transverse Machining tolerance on Tolerance on
esignation . . . . L g b
dimension the nominal dimension ghape
>3
+0,02 0,03
<6
>6
Diameter of machined test pieces of +0,03 0,04
circdlar cross-section and transverse <10
dimgnsions of test pieces of rectangular > 10
crosg-section machined on all four sides +0,05 0,04
<18
>18
+0,10 0,05
<30
>3
+0,02 0,03
<6
>6
+0,03 0,04
<10
Transverse dimensions of test pieces of >10
rectgngular eross-section machined on +0,05 0,06
only|two.opposite sides <18
>18
0710 0,12
< 30
> 30
+0,15 0,15
<50

@  These tolerances are applicable if the nominal value of the original cross-sectional area, S, is to be included in the calculation
without having to measure it. If these machining tolerances are not complied with, it is essential to measure every individual test piece.

b Maximum deviation between the measurements of a specified transverse dimension along the entire parallel length, L., of the test
piece.
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D.4 Determination of the cross-sectional area

The nominal dimensions can be used to calculate S, for test pieces of circular cross-section and rectangular
cross-section machined on all four sides that satisfy the tolerances given in Table D.3. For all other shapes of
test pieces, the original cross-sectional area shall be calculated from measurements of the appropriate
dimensions, with an error not exceeding £ 0,5 % on each dimension.
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Annex E
(normative)

Types of test pieces to be used for tubes

E.1 Shape of the test piece

Thej:est piece consists either of a length of tube, or a longitudinal or transverse strip cut from lhe tube and
having the full thickness of the wall tube (see Figures 14 and 15), or of a test piece of cir€ular ¢ross-section
machined from the wall of the tube.
Machined transverse, longitudinal and circular cross-section test pieces are describéd in Annex Bifor tube wall

thickhess less than 3 mm, and in Annex D for thickness equal to or greater than 3.-mm. The longitdidinal strip is
gengrally used for tubes with a wall thickness of more than 0,5 mm.

E.2| Dimensions of the test piece

E.2.1 Length of tube

The [tube length may be plugged at both ends. The freedength between each plug and the ngarest gauge
marks shall be greater than D./4. In cases of dispute, thé\value, D, shall be used, if there is suffigient material.

The |ength of the plug projecting beyond the grips;0fithe machine in the direction of the gauge marks shall not
exceed D, and its shape shall be such that it does*not interfere with deformation of the gauge length.

E.2.2 Longitudinal or transverse strip

The [parallel length, L., of the longitudinal strips shall not be flattened but the heads may be (flattened for
gripging in the testing machine.

Trangverse or longitudinal test-piece dimensions other than those given in Annexes B and D can|be specified
in the¢ product standard.

Spegial precautionséshall be taken when straightening the transverse test pieces.

E.2.3 Circular'cross-section test piece machined in tube wall

The pampling of the test pieces is specified in the product standard.

E.3 Determination of the original cross-sectional area
S, for the test piece shall be determined to the nearest + 1 % or better.
The original cross-sectional area, S, in square millimetres, of the length of tube or longitudinal or transverse

strip may be determined from the mass of the test piece, the length of which has been measured, and from its
density using Equation (E.1):

o 1000 m

=1 )
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where

m is the mass, in grams, of the test piece;

:2009(E)

L, is the total length, in millimetres, of the test piece;

p is the density, in grams per cubic centimetre, of the test piece material.

The original cross-sectional area, S,, of a test piece consisting of a longitudinal sample shall be calculated
according to Equation (E.2):

by 4
So="2(D]
where

do

bO

D, ist
The simplifie

So =ag

So =ag
For length o

Sy =Tay

2
D (b b
—b2)l2 +T°arcsm[D—°]—T°[(Do ~2a,)? -b2

bs

bo |1
°[ +6DO(

bo

(Do - ao)

Dy —2ay)

o

is the thickness of the tube wall;
is the average width of the strip;

ne external diameter of the tube.

|

bo

(o]

bs

(o]

<0,

2

d Equation (E.3) can be used for longitudinal test pieces:

25

<0,10

tube, the original cross-sectional area, S, shall be calculated from Equation (E.4):

2
Do ~2a0 arcsin| — 20«
2 D, —2d,

E.2)

E.3)

E.4)
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Annex F
(informative)

Estimation of the crosshead separation rate in consideration of

the stiffness (or compliance) of the testing machine

Equation (1) does not consider any elastic deformation of the testing equipment (frame, load cell, grips, etc.).

This
the @
The
Reféd

wherne

NOT

Equation (1) does not compensate for the effects of compliance (see 10.3.1). A better approxin

cros
test

means thatthe deformation cam be separatedinto the efastic deformationm of thetestimgeqg
eformation of the test piece. Only a part of the crosshead separation rate is transferred to:th
resulting strain rate at the test piece, é,,, in reciprocal seconds, is given by Equatig
rence [39]):

ém =VC/[meAO +LC]

Cv s the stiffness, in newtons per millimetre, of the testing equipment (around the point of
as Ry 2, if stiffness is not linear, e.g. when using wedge gfips);

is the parallel length, in millimetres, of the test piece;

m s the slope, in megapascals, of the stress-percentage extension curve at a given mome
(e.g. around the point of interest such as RpO,Z);

is the original cross-section area, in square millimetres;

is the crosshead separation rate, inimillimetres per second.

The values of m and Cy, derived-from the linear portion of the stress/strain curve cannot be used,

thead separation rate, v{, in millimetres per second, necessary to produce a resulting strai

Ce

S
Ve =ém(mCMo +LC]

biece, ¢, , around the point of interest, can be made from Equation (F.2) (see Reference [40]):

ipment and
e test piece.
n(F.1) (see

(F.1)

nterest such

nt of the test

nation of the
n rate at the

(F.2)
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Annex G
(informative)

Measuring the percentage elongation after fracture if the specified value
is less than 5 %

Precautions should be taken when measuring the percentage elongation after fracture if the specified value is
less than 5 %

One of the recommended methods is as follows.

Prior to the fest a very small mark should be made close to each end of the parallel length. Using a pair of
needle-pointed dividers set at the gauge length, an arc is scribed with the mark as a centreAfter fracture, the
broken test piece should be placed in a fixture and axial compressive force applied, prefefably by meanq of a
screw, suffigient to firmly hold the pieces together during measurement. A second~arc of the same radius
should then pe scribed from the original centre closest to fracture, and the distancedbetween the two scrafches
measured by means of a measuring microscope or other suitable instrument. In"order to render the fine
scratches mpre easily visible, a suitable dye film may be applied to the test piecebefore testing.

NOTE Apother method is described in 20.2 (measuring extension at fracture using an extensometer).
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Annex H
(informative)

Measurement of percentage elongation after fracture based

on subdivision of the original gauge length

To avoid having to reject test pieces where the position of the fracture does not comply with the conditions of

20.1

a)

b)

If n is

thefoftowmg methodTmay be used; by agreement:

pefore the test, subdivide the original gauge length, L, into N equal lengths of 5 mm-(recon
10 mm;

pfter the test, use the symbol X to denote the gauge mark on the shorter part-of the test p
symbol Y for the gauge mark on the longer part of the test piece which is at-the same dista
fracture as mark X.

the number of intervals between X and Y, the elongation after fracture is determined as follo|

1) If N—nis an even number [see Figure H.1 a)], measure_the distance between X and Y,
distance from Y to the graduation mark Z, I, located at{~ — n)/2 intervals beyond Y.

Calculate the percentage elongation after fracture,.4; using Equation (H.1):

Iy +2lyz — L
4= FENZ 7 20 400

o
distance from Y to the graduation(marks Z" and Z”, Iy, and ly~, located respectively at
and (N —n + 1)/2 intervals beyond Y.
Calculate the percentageelongation after fracture using the equation:

Iy +lyz~t iz — L
A= XY YZL YZ OX100

(o]

hmended) to

ece and the
hce from the

WS:

Ixy, and the

(H.1)

P) If N—n is an odd number [see Figure H.1 b)], measure the distance between X and Y and the

(N—n—1)2

(H.2)
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