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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further mainten
déscribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needg
different types of ISO documents should be noted. This document was drafted in aceordance]
edlitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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tention is drawn to the possibility that some of the elements of this document may be the 5
itent rights. ISO shall not be held responsible for identifying any or all such“patent rights. I
y patent rights identified during the development of the document wilkhe'in the Introductid
the ISO list of patent declarations received (see www.iso.org/patents).

hy trade name used in this document is information given for the\convenience of users and
nstitute an endorsement.

For an explanation of the voluntary nature of standards;.the meaning of ISO specific te

pressions related to conformity assessment, as well:as' information about ISO's adheren
orld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see wwy
p/foreword.html. %)

T
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his document was prepared by Technical Gommittee ISO/TC 164, Mechanical testing d

Subcommittee SC 1, Uniaxial testing.

nis third edition cancels and replaces the second edition (ISO 6892-1:2016), of which it con
inor revision. The changes comparedto the previous edition are as follows:

correction of the title of a standard in Clause 2;

correction of the designation "coefficient of determination” ("coefficient of determination
of "coefficient of corr€lation");

correction of Formwla (1);
wording in 20,3.2.1;

wording\inthe key of Figure 9;
wording in Table B.2;

ance are
d for the
with the

ubject of
Details of
n and/or

does not

rms and
re to the

.iso.org/

f metals,

btitutes a

" instead

wording in Table D.3;

— correction of the references.

A

list of all parts in the ISO 6892 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

During discussions concerning the speed of testing in the preparation of ISO 6892, it was decided to
recommend the use of strain rate control in future revisions.

In this document, there are two methods of testing speeds available. The first, method A, is based on
strain rates (including crosshead separation rate) and the second, method B, is based on stress rates.
Method A is intended to minimize the variation of the test rates during the moment when strain rate

sensitive
Therefor]
of metho

NOTE

“strain”, r
of differe
“stress” o

parameters are determined and to minimize the measurement uncertainty of the test results.
C, 411 OUL O (1€ 1d [1dL OI'LEI [1C [dlIl I'dlE SEI VILY O (1€ [T1dlel'ld NOT KITOWT], e Uke
d A is strongly recommended.

In what follows, the designations “force” and “stress” or “extension”, “percentage extension”, apd
bspectively, are used on various occasions (as figure axis labels or in explanations for the determinatipn
ht properties). However, for a general description or point on a curve, the designations “force” a

» o«

" “extension”, “percentage extension”, and “strain”, respectively, can be interchanged:

Vi
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Metallic materials — Tensile testing —

Part 1:
Method of test at room temperature

1| Scope

This document specifies the method for tensile testing of metallic materials and defines the m¢chanical
properties which can be determined at room temperature.

NOTE Annex A contains further recommendations for computer controlled testing-machines.

2| Normative references

The following documents are referred to in the text in such a way-that some or all of theif content
canstitutes requirements of this document. For dated references; only the edition cited applies. For
undated references, the latest edition of the referenced docunient (including any amendments) applies.

[0 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machines {— Part 1:
Tension/compression testing machines — Verification and-alibration of the force-measuring system

[0 9513, Metallic materials — Calibration of extensoieter systems used in uniaxial testing

3| Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[0 and IEC maintain terminologi¢al‘databases for use in standardization at the following addfesses:

—t ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: avdilable at http://www.electropedia.org/

31
gauge length
L

lepgth of thegparallel portion of the test piece on which elongation is measured at any momept during
He test

=

3{1.1

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

3.1.2

final gauge length after fracture

Lll

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

© IS0 2019 - All rights reserved 1
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3.2

parallel length

L

lecngth of the parallel reduced section of the test piece

Note 1 to entry: The concept of parallel length is replaced by the concept of distance between grips for
unmachined test pieces.

3.3
elongation
increase rthreorigimot guuge tengtir (3=t atany moment during the test

3.4
percentjge elongation
elongatidn (3.3) expressed as a percentage of the original gauge length (3.1.1)

3.4.1
percentjge permanent elongation
increase(in the original gauge length (3.1.1) of a test piece after removal of a specified stress, express¢d
as a percpntage of the original gauge length (3.1.1)

3.4.2
percentjge elongation after fracture
A
permanent elongation (3.3) of the gauge length after fracture (L, =b,J), expressed as a percentage of the
original dauge length (3.1.1)

Note 1 to pntry: For further information, see 8.1.

3.5
extensometer gauge length
Le
initial gapge length of the extensometer used for‘measurement of extension (3.6)

®

Note 1 to gntry: For the determination of severalptroperties which are based (partly or complete) on extension,
g. Rp, A.0 'Ag, the use of an extensometer is mahdatory.

Note 2 to pntry: For further informatioisee 8.3.

3.6
extensign
increase fin the extensometer-gauge length (3.5), at any moment during the test

3.6.1
percentjge extension
strain
e

extension (3.6) ‘expressed as a percentage of the extensometer gauge length (3.5)

Note 1 to entry: e is commonly called engineering strain.

3.6.2

percentage permanent extension

increase in the extensometer gauge length (3.5), after removal of a specified stress (3.10) from the test
piece, expressed as a percentage of the extensometer gauge length

2 © IS0 2019 - All rights reserved
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6.3

percentage yield point extension

A

e
<discontinuous yielding materials> extension (3.6) between the start of yielding and the start of
uniform work-hardening, expressed as a percentage of the extensometer gauge length (3.5)

Note 1 to entry: See Figure 7.

3.

6.4

percentage total extension at maximum force

A
ta

oL
N

3
A
ol

N

3

p
A

1
ta

t
tal extension (3.6) (elastic extension plus plastic extension) at maximum force, expres
brcentage of the extensometer gauge length (3.5)

bte 1 to entry: See Figure 1.

6.5
brcentage plastic extension at maximum force

te 1 to entry: See Figure 1.

6.6
prcentage total extension at fracture

sed as a

astic extension (3.6) at maximum force, expressed as a percentage of the extensometer gauge length (3.5)

ssed as a

d on the

tal extension (3.6) (elastic extension plus plastic externision) at the moment of fracture, expre
p¢rcentage of the extensometer gauge length (3.5)
Note 1 to entry: See Figure 1.
317
tgsting rate
rdte (resp. rates) used during the test
3171
sfrain rate
e
increase of strain, measured with an extensometer, in extensometer gauge length (3.5), per tin
317.2
estimated strainrate over the parallel length
e
vdlue of the\increase of strain over the parallel length (3.2) of the test piece per time basg
closshead-séparation rate (3.7.3) and the parallel length of the test piece
3173
cresshead-separationrate
1%

C

displacement of the crossheads per time

3.

7.4

stress rate

R

increase of stress (3.10) per time

Note 1 to entry: Stress rate is only used in the elastic part of the test (method B) (see also 10.3.3).

©
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3.8

percentage reduction of area

Z

maximum change in cross-sectional area which has occurred during the test (S, - S, ), expressed as a
percentage of the original cross-sectional area, S

S, —-S
Z7=-9_ "1 100
S

o

3.9 M I&illlulll fUl C

391
maximujm force
Fm
<materidls displaying no discontinuous yielding> highest force that the test piece withstands during

the test

3.9.2
maximum force
Fm
<materidls displaying discontinuous yielding> highest force that the test piece withstands during the

test after the beginning of work-hardening

Note 1 td entry: For materials which display discontinuous yielding;ybut where no work-hardening can pe
establishdd, F,, is not defined in this document [see footnote to Figure.8')].

Note 2 to pntry: See Figure 8 a) and b).

3.10
stress
R

at any m¢ment during the test, force divided by:the original cross-sectional area, S, of the test piece

Note 1 to pntry: All references to stress in this‘doeument are to engineering stress.

3.10.1
tensile strength
Rm
stress (3.1L0) corresponding totheé maximum force (3.9.2)

3.10.2
yield striength
when thg¢ metallic material exhibits a yield phenomenon, stress (3.10) corresponding to the point
reached ¢luring the.test at which plastic deformation occurs without any increase in the force

3.10.2.1
upper yileld strength

ReH

maximum value of stress (3.10) prior to the first decrease in force

Note 1 to entry: See Figure 2.

3.10.2.2

lower yield strength

ReL

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

Note 1 to entry: See Figure 2.

4 © IS0 2019 - All rights reserved
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3.10.3
proof strength, plastic extension

R

SLPress (3.10) at which the plastic extension (3.6) is equal to a specified percentage of the extensometer
gauge length (3.5)

Note 1 to entry: Adapted from ISO/TR 25679:2005, “proof strength, non-proportional extension”.

Note 2 to entry: A suffix is added to the subscript to indicate the prescribed percentage, e.g. Ry, ».

N
3

N
3
f1

N
3
c
m

al

3
m
E

qyt

pte-3-to-eptrySeeHigure3

10.4
roof strength, total extension

ress (3.10) at which total extension (3.6) (elastic extension plus plastic extension)is’equal to a
brcentage of the extensometer gauge length (3.5)

te 1 to entry: A suffix is added to the subscript to indicate the prescribed percentage, e.g. Ry s.
bte 2 to entry: See Figure 4.

10.5
ermanent set strength

ress (3.10) at which, after removal of force, a specified permanent elongation (3.3) or extens
pressed respectively as a percentage of original gauge length (3.1.1), or extensometer gauy,
.5), has not been exceeded

, or of the extensometer gauge length, L, e.g. R..o-5:
te 2 to entry: See Figure 5.

11
acture

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

bte 1 to entry: Criteria for fracture for computer controlled tests are given in Figure A.2.

12

omputer-controlléd)tensile testing machine

achine for which-the control and monitoring of the test, the measurements, and the data pi
e undertakemby computer

13
odulus-of elasticity

specified

ion (3.6),
e length

bte 1 to entry: A suffix is added to the subscript to indicate the specified percentage of the original gayge length,

ocessing

otient of change of stress AR and change of percentage extension Ae in the range of ey

aluation,

multiplied by T00 %

E=£-100 %
Ae

Note 1 to entry: It is recommended to report the value in GPa rounded to the nearest 0,1 GPa and according to

IS

080000-1.

3.14

default value
lower or upper value for stress (3.10), respectively strain (3.6.1), which is used for the description of the
range where the modulus of elasticity (3.13) is calculated

©
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3.15

coefficient of determination

R2

additional result of the linear regression which describes the quality of the stress-strain curve in the
evaluation range

Note 1 to entry: The used symbol R? is a mathematical representation of regression and is no expression for a
squared stress value.

3.16
standargddeviatiomof thestope

S

aIcrllditional result of the linear regression which describes the difference of the stress (3.10) values from

the best {it line for the given extension (3.6.1) values in the evaluation range

3.17
relative standard deviation of the slope
Sm(rel)
quotient|of the standard deviation of the slope (3.16) and the slope in the evaluation range, multipli¢d
by 100 9

S

m(r

4 Symbols N\

The symbols used in this document and corresponding designations are given in Table 1.

Table 1 — Symbols and designations

£

Symbal Unit Designation
Test piece
a, T mm original thickness/fa flat test piece or wall thickness of a tube
b mm original wi_dth of the parallel length _ofa flat test piece or average width of the longi-
0 tudinal stripftaken from a tube or width of flat wire
d mm or_iginal.diameter_of the parallel length of a circular test piece, or diameter of round
wire erinternal diameter of a tube
D, mm origibal external diameter of a tube
L, mm eriginal gauge length
L’o mm initial gauge length for determination of 4, (see AnnexJ)
L. 30800} parallel length
L, mm extensometer gauge length
Ly mm total length of test piece
L, mm final gauge length after fracture
L’u mm final gauge length after fracture for determination of 4,,,, (see Annex]J)

a2 Symbol used in steel tube product standards.
b 1MPa=1Nmm=2

¢ The calculation of the modulus of elasticity is described in Annex G. It is not required to use Annex G to determine the
slope of the elastic part of the stress-percentage extension curve for the determination of proof strength.

d  In the elastic part of the stress-percentage extension curve, the value of the slope may not necessarily represent the
modulus of elasticity. This value may closely agree with the value of the modulus of elasticity if optimal conditions are used
(see Annex G).

CAUTION — The factor 100 is necessary if percentage values are used.

6 © IS0 2019 - All rights reserved
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Table 1 (continued)
Symbol Unit Designation
S, mm? original cross-sectional area of the parallel length
Sy mm? minimum cross-sectional area after fracture
k — coefficient of proportionality (see 6.1.1)
Z % percentage reduction of area
Elongation
A A pnrﬁnnfagn n]nngqfir\n after fracture [cnn ﬁ)
Aun % percentage plastic elongation without necking (see AnnexJ)
Extension
e % extension
A, % percentage yield point extension
A, % percentage plastic extension at maximum force, F,
Agy % percentage total extension at maximum force, F,,
A, % percentage total extension at fracture
AL, mm extension at maximum force
AL; mm extension at fracture
Rates .
e Le sl strain rate
e L s1 estimated strain rate over the parallél length
R MPas-l |stressrate {
Ve mm s |crosshead separation rate
\* Force
Fu N maximum force
Yield strength — Proof strength — Tensile strength
R MPaP  |stress J
Ry MPa upper yield strength
Ry MPa lower yield strength
R, MPa tensile strength
R, MPa proof strength, plastic extension
R, MPa specified permanent set strength
R, MPa proof strength, total extension
Modulus of elasticity — slope of the stress-percentage extension curve
E GPa modulus of elasticity*®
h MPa slope of the stress-percentage extension curve at a given moment of the test
TITg MPa Stope of the etastic part of the StTesS-PerteNtage EXteNson Turves
R, MPa lower stress value
R, MPa upper stress value
a  Symbol used in steel tube product standards.
b 1MPa=1Nmm2,
¢ The calculation of the modulus of elasticity is described in Annex G. It is not required to use Annex G to determine the
slope of the elastic part of the stress-percentage extension curve for the determination of proof strength.
d  In the elastic part of the stress-percentage extension curve, the value of the slope may not necessarily represent the
modulus of elasticity. This value may closely agree with the value of the modulus of elasticity if optimal conditions are used
(see Annex G).
CAUTION — The factor 100 is necessary if percentage values are used.

© IS0 2019 - All rights reserved 7
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Table 1 (continued)

slope of th

d  In the
modulus d

Symbol Unit Designation
ey % lower strain value
e, % upper strain value
R? — coefficient of determination
Sm MPa standard deviation of the slope
Sin(rel) % relative standard deviation of the slope
a Symb olusedin steeltube prnrhu‘f standards
b 1MP4d=1Nmm=2
¢ The cplculation of the modulus of elasticity is described in Annex G. It is not required to use Annex G to detefmine tlje

e elastic part of the stress-percentage extension curve for the determination of proof strength.

elastic part of the stress-percentage extension curve, the value of the slope may not necessarily’represent t}
f elasticity. This value may closely agree with the value of the modulus of elasticity if optimal.conditions are usd

Q. o

(see Annek G).

CAUTION|— The factor 100 is necessary if percentage values are used.

5 Principle

The test fnvolves straining a test piece by tensile force, generally to fracture, for the determination jof
one or mpre of the mechanical properties defined in Clause 3. .

The test $hall be carried out at room temperature between 10 2€and 35 °C, unless otherwise specified.
For laboratory environments outside the stated requiremeht; it is the responsibility of the testipg
laboratofy to assess the impact on testing and/or calibration data produced with and for testifg
machine§ operated in such environments. When testing and calibration activities are performed outsigle
the tempprature limits of 10 °C and 35 °C, the temperature shall be recorded and reported. If significapt
temperafure gradients are present during testing-and/or calibration, measurement uncertainty may
increase pnd out of tolerance conditions may occur.

Tests carfried out under controlled conditions-shall be made at a temperature of 23 °C £ 5 °C.

If the defermination of the modulus of elasticity is requested in the tensile test, this shall be done |n
accordarjce with Annex G. N

6 Testpieces

6.1 Shppe and dimensions

6.1.1 (eneral

The shayje and' dimensions of the test pieces may be constrained by the shape and dimensions of tTe
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.

Preferred test pieces have a direct relationship between the original gauge length, L, and the original
cross-sectional area, S,, expressed by the formula L, = k,/S, , where kis 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

© ISO 2019 - All rights reserved
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for this requirement to be met with k = 5,65, a higher value (preferably 11,3) or a non-proportional test

pi

NOTE

ece may be used.

fracture” will be increased.

By using an original gauge length smaller than 20 mm, the uncertainty of the result “elongation after

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

The dimensional tolerances of the test pieces shall be in accordance with Annexes B to E (see 6.2).

0
us
A

6

M
le
rg

T
sh

T
b

6

If
le

gl
A
le

dg
m

6

T
as

amnex (see 6.2).

farce. The parallel length, L

Lher test pieces such as those specified in relevant product standards or national standarnd
ed by agreement with the customer, e.g. ISO 31831l (API 5L), ISO 11960[2] (API 5CT), ASTM
STM E8MIZI, DIN 501250101, JACS W2[13], and ]IS Z 2241[14],

1.2 Machined test pieces

achined test pieces shall incorporate a transition radius between the gripped ends and th

commended that they be defined in the material specification if they-are'not given in the ap

he gripped ends may be of any shape to suit the grips of the testifig machine. The axis of the {
all coincide with the axis of application of the force.

ne parallel length, L, or, in the case where the test piéce has no transition radii, the frq
ptween the grips, shall always be greater than the original gauge length, L.

1.3 Unmachined test pieces

the test piece consists of an unmachined lefigth of the product or of an unmachined test baj
ngth between the grips shall be sufficient'for gauge marks to be at a reasonable distance
ips (see Annexes B to E).

5-cast test pieces shall incorporate a transition radius between the gripped ends and thg
ngth. The dimensions of this trahsition radius are important and it is recommended tha
fined in the product standard. The gripped ends may be of any shape to suit the grips of th
achine provided that they.enable the centre of the test piece to coincide with the axis of appl
shall always be greater than the original gauge length, L.

c’

2 Types

ne main typés-of test pieces are defined in Annexes B to E according to the shape and type of
shown imFable 2. Other types of test pieces can be specified in product standards.

s may be
A370l6],

e parallel

ngth if these have different dimensions. The dimensions of the transition ¥adius are important and it is

bropriate

est piece

be length

, the free
from the

parallel
F they be
e testing
cation of

product,
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Table 2 — Main types of test pieces according to product type

Dimensions in millimetres

Corresponding
Type of product annex
Sheets — Plates — Flats Wire — Bars — Sections
N \
N
Tiickmess Diameterorside
a
01<a<3 — B
_ <4 C
az=3 >4 D
Tubes E

6.3 Preparation of test pieces

The test|pieces shall be taken and prepared in accordance with the requirements of the relevapt
Internatipnal Standards for the different materials (e.g. ISO 377).

7 Determination of original cross-sectional area

The releyant dimensions of the test piece should be measured‘at sufficient cross-sections perpendiculhr
to the lonjgitudinal axis in the central region of the parallehlength of the test piece.

A minimfim of three cross-sections is recommended. -

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

The accyracy of this calculation depends jon the nature and type of the test piece. Annexes B to|E
describemethods for the evaluation of S, for different types of test pieces and contain specifications fpr
the accufacy of measurement. N

All measyring devices used for the/determination of the original cross-sectional area shall be calibrat¢d

to the appropriate reference standards with traceability to a national measurement system.

8 Original gauge length and extensometer gauge length

8.1 Chpice ofthe original gauge length

For propprtional test pieces, if the original gauge length is not equivalent to 5,65,/S, , where S is t11e

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. A, 5 indicates a percentage elongation of the

gauge length, L , according to Formula (1):

L,=11,3,/S, 6

NOTE 5,655, =5./4S, /7.

For non-proportional test pieces (see Annex B and Annex D), the symbol A should be supplemented by
a subscript indicating the original gauge length used, expressed in millimetres, e.g. Ag, ., indicates a
percentage elongation of a gauge length, L, of 80 mm.
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8.2 Marking the original gauge length

For the manual determination of the elongation after fracture A, each end of the original gauge length,
L,, shall be marked by means of fine marks, scribed lines, or punch marks, but not by marks which
could result in premature fracture. The original gauge length shall be marked to an accuracy of +1 %.

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,,.

[frtire—parattettengtis—£ ;s much—greaterthamrthe—originat—gaugetengty—as,fortstapce, with

unmachined test pieces, a series of overlapping gauge lengths may be marked.

Il some cases, it can be helpful to draw a line parallel to the longitudinal axis, along which the gauge
lepgths are marked.

8{3 Choice of the extensometer gauge length

For measurement of yield and proof strength parameters, L, should spanzas’much of the parallel length
of the test piece as possible. Ideally, as a minimum, L, should be greater than 0,50, but |ess 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” of “after reaching” maximum| force, L,
should be approximately equal to L.

9| Accuracy of testing apparatus

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

For the determination of proof strength (plastic or total extension), the extensometer used shall be in
agcordance with ISO 9513, class 1 or better, in the relevant range. For other properties (with extensions
greater than 5 %), an ISO 9513, class 2 extensometer in the relevant range may be used.

1D Conditions of testing

1pP.1 Setting the forcezero point

The force-measuringsystem shall be set to zero after the testing loading train has been assenjbled, but
before the test piece'is actually gripped at both ends. Once the force zero point has been set, the force-
easuring systén shall 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 coxIpensated
for in the ferce measurement, and on the other hand, any force resulting from the clamping operation does not
afffect this'measurement.

10:2Methodof gripping
The test pieces shall be gripped by suitable means, such as wedges, screwed grips, parallel jaw faces, or
shouldered holders.

Every endeavour should be made to ensure that test pieces are held in such a way that the force is applied
as axially as possible, in order to minimize bending (more information is given in ASTM E1012[€], for
example). This is of particular importance when testing brittle materials or when determining proof
strength (plastic extension), proof strength (total extension), or yield strength.

In order to ensure the alignment of the test piece and grip arrangement, a preliminary force may be
applied provided it does not exceed a value corresponding to 5 % of the specified or expected yield
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strength. A correction of the extension should be carried out to take into account the effect of the
preliminary force.

10.3 Testing rates

10.3.1 General information regarding testing rates

Unless otherwise agreed, the choice of method (A1, A2, 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 doc

NOTE 1
defined a
necessary

Under cd

approxinpately 30 MPa/s, using a testing rig and clamping system with high stiffness and a test pie

geometr)
may be o

NOTE 2
thatared

10.3.2 ]

10.3.2.1

Method A is intended to minimize the variation of the test rates during the moment when strain ra

sensitive|
Two diffq

— Meth
obta

— Meth

whid

strain rate by the parallelléngth [see Formula (2)].

NOTE

If a mate
ep,»and

exist if th
yield poi

ITICTIL.

the point of interest (e.g. R, ;), where the property has to be determined, whereas, in Method B, t
testing speed is set in the efastic range before the property (e.g. R, ) has to be determined:

rtain conditions using Method B (e.g. for some steels a stress rate in the.glastic range

F according to Annex B, Table B.1, Test piece type 2), a strain rate near therange 2 of Method
bserved.

Product standards and corresponding test standards (e.g. aerospace stahdards) can specify test rat
fferent from those contained in this document.

[esting rate based on strain rate (method A)

General

parameters are determined and to minimize the measurement uncertainty of the test resulf

rent types of strain rate control are described in this subclause.
ned from an extensometer.

h is achieved by using the crosshead separation rate calculated by multiplying the requir¢

A more rigorous(strain rate estimation procedure for Method A2 is described in Annex F.

rial shows nodiscontinuous yielding and the force remains nominally constant, the strain rat
the estimmiated strain rate over the parallel length, e L, are approximately equal. Differenc

ht-éxtension range, or materials which show serrated yielding like the Portevin-Le Chateli

The difference between Method A and Method B is that the necessary testing speed of Methed" A|i

od A1 closed loop involves the controlof the strain rate itself, éLe ,thatis based on the feedba¢

od A2 open loop involves the'control of the estimated strain rate over the parallel length, e;|

e material exhibits discontinuous or serrated yielding (e.g. some steels and AIMg alloys in the

ke

€,
S

eI

if'necking occurs. If the force is increasing, the strain rate [if the crosshead separation rate

is

effect) or

calculated using Formula (2)] may be below the target strain rate due to the compliance of the testing

machine.

The testing rate shall conform to the following requirements.

a) Unless otherwise specified, any convenient speed of testing may be used up to a stress equivalent
to half of the expected yield strength. Above this range and for the determination of Ry, R, or R,,
the specified strain rate, éLe (or for Method A2 the crosshead separation rate v_), shall be applied.

In this range, to eliminate the influence of the compliance of the tensile testing machine, the use of
an extensometer measuring the extension of the test piece is necessary to have accurate control
over the strain rate. For testing machines unable to control by strain rate, method A2 may be used.

12
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ee 3.7.2),

(2)

se of e _

e stress-
his effect

he strain

b) During discontinuous yielding, the estimated strain rate over the parallel length, éLC (s
should be applied. In this range, it is impossible to control the strain rate using the extensometer
clamped on to the test piece because local yielding can occur outside the extensometer gauge
length. The required estimated strain rate over the parallel length may be maintained in this range
sufficiently accurately using a constant crosshead separation rate, v, (see 3.7.3) (open loop).
Ve =L L.
where
e, isthe estimated strain rate over the parallel length;
C
L. isthe parallel length.
c) Intherange following R, or R, or end of yielding (see 3.7.2), e;_or e; canbe'used. The u
is recommended to avoid any control problems which may arise if faecking occurs oufside the
extensometer gauge length.
The strain rates specified in 10.3.2.2 to 10.3.2.4 shall be maintained,during the determinatipn of the
rglevant material property (see also Figure 9).
Dpring switching to another strain rate or to another control mode, no discontinuities in th
strain curve should be introduced which distort the valuesof R,,,, 4, or A (see Figure 10). T
can be reduced by a suitable gradual switch between the'rates.
The shape of the stress-strain curve in the work-hardening range can also be influenced by 4

I'g

te. The testing rate used should be documented<(see 10.3.4).

D.3.2.2 Strain rate for the determination of the upper yield strength, Ry, or proof stren
"operties, Rp and R,

he strain rate, éLe , shall be kept as/constant as possible up to and including the determinati
R, or R.. During the determination of these material properties, the strain rate, éLe , shall be

e two following specified ranges (see also Figure 9).

hnge 1: éLe = 0,000 0Zs, with a relative tolerance of +20 %.

ecified).

the testinmg ' machine is not able to control the strain rate directly, Method A2 shall be used.

gth

on of Ry

in one of

Ange 2: éLe = 0,000 25 s71, with a relative tolerance of +20 % (recommended, unless otherwise

p

pink extension, 4,

D.3:2.3 Strain rate for the determination of the lower yield strength, R, and percentaﬁe yield

Following the detection of the upper yield strength (see A.3.2), the estimated strain rate over the
parallel length, éLc , shall be maintained in one of the following two specified ranges (see Figure 9)

until discontinuous yielding has ended.

Range 2: éLC =0,000 25 s71, with a relative tolerance of +20 % (recommended, when R, is determined).

Range 3: éLC = 0,002 s~1, with a relative tolerance of +20 %.

©
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Strain rate for the determination of the tensile strength, R, percentage elongation

after fracture, 4, percentage total extension at the maximum force, Ay, percentage plastic

extensio

n at maximum force, Ag, and percentage reduction area, Z

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

Range 2:

Range 3:

éLC = 0,000 25 s71, with a relative tolerance of +20 %.

éLr = 0,002 s71, with a relative tolerance of +20 %.

Range 4:
+20 %) (1
If the pu

rate over
entire te

10.3.3 1

10.3.3.1

The testipg rates shall conform to the following requirements depending on the nature of the materi

Unless of
half of th

NOTE
loop force
stress rat|
decreaseq

to maintafin a constant stressing rate through the yielding process requires the testing machine to operate

extremely

10.3.3.2

10.3.3.2{1 Upper yield strength, R

The rate
the limit

NOTE
magnesiu|

150 000 M[Pa include wrought iron, steel, tungsten, and nickel-based alloys.

éLc = 0,006 7 s71, with a relative tolerance of +20 % (0,4 min~1, with a relative tolerance

ecommended, unless otherwise specified).

Fpose of the tensile test is only to determine the tensile strength, then an estitnated stra
5 t.

[esting rate based on stress rate (method B)

General

herwise specified, any convenient speed of testing may be’used up to a stress equivalent
e specified yield strength. The testing rates above this\point are specified below.

It is not the intent of Method B to maintain constant gtress rate or to control stress rate with clos
control while determining yield properties, but onlj.to set the crosshead speed to achieve the targ

and can even become negative in the case of @specimen with discontinuous yielding. The atte

high speeds and, in most cases, this is neither practical nor desirable.

Yield and proof strengths

pf separation of the crossheads of the machine shall be kept as constant as possible and with
5 corresponding tothe-stress rates in Table 3.

For informatiemn; typical materials having a modulus of elasticity smaller than 150 000 MPa inclu
Im, aluminiund alloys, brass, and titanium. Typical materials with a modulus of elasticity greater th

Table 3 — Stress rate

the parallel length of the test piece according to range 3 or 4 may be appliedithroughout the

e in the elastic region (see Table 3). When a specimnen being tested begins to yield, the stressing II';Ie

N

Fo

bd
et

t
at

m

e
AN

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

10.3.3.2.2 Lower yield strength, R,

If only the lower yield strength is being determined, the strain rate during yield of the parallel length
of the test piece shall be between 0,000 25 s~ and 0,002 5 s~1. The strain rate within the parallel

14

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=c50315aa92e3f97f79c35a2bdf8320d3

ISO 6892-1:2019(E)

length shall be kept as constant as possible. If this rate cannot be regulated directly, it shall be fixed
by regulating the stress rate just before yield begins, the controls of the machine not being further
adjusted until completion of yield.

In no case shall the stress rate in the elastic range exceed the maximum rates given in Table 3.

10.3.3.2.3 Upper and lower yield strengths, R.;; and R,

If both upper and lower yield strengths are determined during the same test, the conditions for
determining the lower yield strength shall be complied with (see 10.3.3.2.2).

10.3.3.2.4 Proof strength (plastic extension) and proof strength (total extension), Ryand R,

The crosshead separation rate of the machine shall be kept as constant as possible andwithin the limits
corresponding to the stress rates in Table 3 for the elastic range. This crosshead (séparation rate shall
b¢ maintained up to the proof strength (plastic extension or total extension).In any case, the strain
rdte shall not exceed 0,002 5 s-1.

10.3.3.2.5 Rate of separation

If|the testing machine is not capable of measuring or controlling the\strain rate, a crosshead s¢paration
rdte equivalent to the stress rate given in Table 3 shall be used, until completion of yield.

19.3.3.3 Tensile strength, R, percentage elongation after fracture, 4, percentage total extension
at the maximum force, Ay, percentage plastic extension at maximum force, 4, and perceptage

. gv
reduction area, Z

After determination of the required yield/proof strength properties, the test rate may be incrdased to a
sffrain rate (or equivalent crosshead separatiog-Fate) no greater than 0,008 s™1.

Iflonly the tensile strength of the materialdis to be measured, a single strain rate can be used thfoughout
tHe test which shall not exceed 0,008 s7!.

10.3.4 Report of the chosen testing conditions

I order to report the test control mode and testing rates in an abridged form, the following §ystem of
alpbreviation can be used;

IS0 6892-1 Annn, or £56/6892-1 Bn

ere “A” defines, the use of method A (strain rate based), and “B” the use of method B (stiress rate
based). The syumbols “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 s1)
sglected.during elastic loading.

EXAMRLE 1 ISO 6892-1:2019 A224 defines a test based on strain rate, using ranges 2, 2 and 4.

EXAMPLE 2 [SO 6892-1:2019 B30 defines a test based on stress rate, performed at a nominal stress rate of
30 MPas1,

EXAMPLE 3 ISO 6892-1:2019 B defines a test based on stress rate, performed at a nominal stress rate
according to Table 3.
11 Determination of the upper yield strength

R,y may be determined from the force-extension curve or peak load indicator and is defined as the
maximum value of stress prior to the first decrease in force. The value is calculated by dividing this
force by the original cross-sectional area of the test piece, S, (see Figure 2).
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12 Determination of the lower yield strength

R, is determined from the force-extension curve and is defined as the lowest value of stress during
plastic yielding, ignoring any initial transient effects. The value is calculated by dividing this force by
the original cross-sectional area of the test piece, S, (see Figure 2).

In case of materials having yield phenomena and when A, is not to be determined: for productivity of
testing, R, may be reported as the lowest stress within the first 0,25 % strain after R,y, not taking
into account any initial transient effect. After determining R, by this procedure, the test rate may be
increased as per 10.3.2.4 or 10.3.3.3. Use of this shorter procedure should be recorded on the test report.

13 Determination of proof strength, plastic extension

13.1 R, fis determined from the force-extension curve by drawing a line parallel to the linear porti¢n
of the cyrve and at a distance from it equivalent to the prescribed plastic percentage extension, elg.
0,2 %. THe point at which this line intersects the curve gives the force corresponding to the desired propf
strength |plastic extension. The latter is obtained by dividing this force by the original cross-sectionfal
area of the test piece, S, (see Figure 3).

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

When thg presumed proof strength has been exceeded, the force isveduced to a value equal to abojt
10 % of|the force obtained. The force is then increased againuntil it exceeds the value obtaingd
originally. To determine the desired proof strength, a line is drawn through the hysteresis loop. A linelis
then drayn 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 afpd
the forcetextension curve gives the force corresponding to the proof strength. The value is calculat¢d
by dividipg this force by the original cross-sectional @vea of the test piece, S, (see Figure 6).

NOTE Several methods can be used to definecthe corrected origin of the force-extension curve. One [of
these is tqg construct a line parallel to that determined by the hysteresis loop so that it is tangential to the forde-
extension| curve. The point where this line crossés the abscissa is the corrected origin of the force-extensipn

curve (se¢ Figure 6).

Care should be taken to ensure thatithe hysteresis is performed after the final proof strength has
passed, ut at as low an extensjon-as possible, as performing it at excessive extensions will have gn
adverse ¢ffect on the slope obtained.

If not spgcified in productstandards or agreed by the customer, it is inappropriate to determine projof
strength(during and aftexdiscontinuous yielding.

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

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

14 Determination of proof strength, total extension

14.1 R, is determined on the force-extension curve, taking 10.2 into consideration, by drawing a line
parallel to the ordinate axis (force axis) and at a distance from this equivalent to the prescribed total
percentage extension. The point at which this line intersects the curve gives the force corresponding to
the desired proof strength. The value is calculated by dividing this force by the original cross-sectional
area of the test piece, S, (see Figure 4).

14.2 The property may be obtained without plotting the force-extension curve by using automatic
devices (see Annex A).
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15 Method of verification of permanent set strength

The test piece is subjected to a force corresponding to the specified stress for 10 s to 12 s. This force
is obtained by multiplying the specified stress by the original cross-sectional area of the test piece, S,.
After removing the force, it is then confirmed that the permanent set extension or elongation is not
more than the percentage specified for the original gauge length; see Figure 5.

NOTE This is a pass/fail test, which is not normally performed as a part of the standard tensile test. The
stress applied to the test piece and the permissible permanent set extension or elongation are specified either by
the product specification or the requester of the test. Example: Reporting “R 5 = 750 MPa Pass” indicates that a
stressof 750 MPawasapplied tothe test pieceand the Tesutting permarnent setwas tess thamorequatto 0,5 %.

16 Determination of the percentage yield point extension

For materials that exhibit discontinuous yielding, A, is determined from the for¢e-extensipn curve
by subtracting the extension at R,y from the extension at the start of uniform work-hardefing. The
extension at the start of uniform work-hardening is defined by the intersection of a horizgntal line
tHrough the last local minimum point, or a regression line through the'range of yielding] prior to
uniform work-hardening and a line corresponding to the highest slope ‘ef the curve occurripg at the
stiart of uniform work-hardening (see Figure 7). It is expressed asca,percentage of the extepsometer
gquge length, L.

The method used [see Figure 7 a) or b)] should be documented«n the test report.

17 Determination of the percentage plastic extension at maximum force

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

Calculate the percentage plastic extension abimaximum force, 4, from Formula (3):

Ag =(ALl;m —i—':]-lOO (3)
where

AL, isthe extension-dt maximum force;

L, is the extensometer gauge length;

R, isthetensile strength;

mg ds)the slope of the elastic part of the stress-percentage extension curve.

NOTE For materials which exhibit a plateau at maximum force, the percentage plastic extension at maximum
fopce-is'the extension at the mid-point of the plateau (see Figure 1).

18 Determination of the percentage total extension at maximum force

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

Calculate the percentage total extension at maximum force, Ay, from Formula (4):

AL
gt~

A m 100 (4)

e
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where

AL, is the extension at maximum force;

L, is the extensometer gauge length.
NOTE For materials which exhibit a plateau at maximum force, the percentage total extension at maximum
force is the extension at the mid-point of the plateau (see Figure 1).

The method consists of determining the extension at fracture on the force-extension curve obtaingd
with an gxtensometer.

Calculatq the percentage total elongation at fracture, 4;, from Formula (5):

_|AL
A, ==L 100

e

~—
UT
L

where

AL; [s the extension at fracture;
is the extensometer gauge length.
20 Determination of percentage elongation after fracture

20.1 Percentage elongation after fracture shall be detéermined in accordance with the definition giv¢n
in 3.4.2.

For this purpose, the broken pieces of the testpiece shall be carefully fitted back together so that thgir
axes lie ih a straight line.

Special precautions shall be taken to ensure proper contact between the broken parts of the test piefe
when mdasuring the final gauge length. This is particularly important for test pieces of small crogs-
section ajnd test pieces having low ‘elongation values.

Calculatd the percentage elongation after fracture, 4, from Formula (6):
I —L
A=4+—2.100 ®)
LO
where
L, [isthe final gauge length after fracture;

L, isthe original gauge length.

(0]

Elongation after fracture, L, - L, shall be determined to the nearest 0,25 mm or better using a
measuring device with sufficient resolution.

If the specified minimum percentage elongation is less than 5 %, it is recommended that special
precautions be taken (see Annex H). The result of this determination is valid only if the distance
between the fracture and the nearest gauge mark is not less than L /3. However, the percentage
elongation after fracture can be regarded as valid, irrespective of the position of the fracture, if the
percentage elongation after fracture is equal to or greater than the specified value. To avoid having to
reject test pieces where the distance between the fracture and the next gauge mark is less than L, /3,
the method described in Annex I may be used by agreement.
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20.2 When extension at fracture is measured using an extensometer, it is not necessary to mark the
gauge lengths. The elongation is measured as the total extension at fracture, and it is therefore necessary
to deduct the elastic extension in order to obtain percentage elongation after fracture. To obtain
comparable values with the manual method, additional adjustments can be applied (e.g. high enough
dynamic and frequency bandwidth of the extensometer) (see A.2.2).

The result of this determination is valid only if fracture and localized extension (necking) occur within
the extensometer gauge length, L.. The percentage elongation after fracture can be regarded as valid
regardless of the position of the fracture cross-section if the percentage elongation after fracture is
equal to or greater than the specified value. If the product standard specifies the determination of

e

2
le
IS

N
le

2
P¢
If

lig

9
C
C

A\

pircentage elongation after fracture for a given gauge length, the extensometer gauge length,s

ual to this length.

ngth, using conversion formulae or tables as agreed before the commencement.of testing
0 2566-1 and ISO 2566-2).

DTE Comparisons of percentage elongation are possible only when the gaugeJength or extensom
hgth, the shape, and cross-sectional area are the same or when the coefficient @Pproportionality, k, is
1 Determination of percentage reduction of area

ercentage reduction of area shall be determined in accordance with the definition given in 3.

necessary, the broken pieces of the test piece shall be carefully fitted back together so that ]
b in a straight line.

For round test pieces, the measurements at the minimum reduced section should be made in 2

° to each other and the average used for the g¢alculation of Z.
ire should be taken to ensure that the fracture surfaces are not displaced when making the 1
hlculate the percentage reduction of-area, Z, from Formula (7):

S,-S
Z=-—2-2100
S

o

here

S, isthe original’'cross-sectional area of the parallel length;

(0]

S is theminimum cross-sectional area after fracture.

u

is recommended to measure S, to an accuracy of +2 % (see Figure 13).

hould be

).3 If elongation is measured over a given fixed length, it can be converted to_preportional gauge

e.g. as in

bter gauge
the same.

o

heir axes

planes at

eadings.

(7)

ith other

N:Ieasuring S, with an accuracy of +2 % on small diameter round test pieces, or test pieces W
C

oss+sectional geometries, may not be possible.

22 Testreport

The test report shall contain at least the following information, unless otherwise agreed by the parties

concerned:

a) reference to this document, extended with the test condition information specified in 10.3.4, e.g.
ISO 6892-1:2019 A224;

b) identification of the test piece;

c) specified material, if known;

©
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d) type of test piece;
e) location and direction of sampling of test pieces, if known;

f) testing control mode(s) and testing rate(s) or testing rate range(s) (see 10.3.1) if different from the
recommended methods and values given in 10.3.2 and 10.3.3;

g) testresults:

— results should be rounded (according to ISO 80000-1) to the following precisions or better, if
ot otherwise specified in product standards: strength values, in megapascals, to the nearest

whole number;

— percentage yield point extension values, 4,, to the nearest 0,1 %;
411 other percentage extension and elongation values to the nearest 0,5 %;

— Jpercentage reduction of area, Z, to the nearest 1 %.

23 Megdsurement uncertainty

23.1 General

Measurement uncertainty analysis is useful for identifying mdjor sources of inconsistencies of
measurefl results.

Product ptandards and material property databases based ‘en" this document and earlier editions jof
ISO 6897 have an inherent contribution from measuremen® uncertainty. It is therefore inappropriate
to apply [further adjustments for measurement uncertainty and thereby risk failing product which |is
compliant. For this reason, the estimates of uncertainty derived by following this procedure are fpr
informatjon only.

23.2 Test conditions

The test|conditions and limits defined ‘in this document shall not be adjusted to take account jof
uncertainties of measurement.

23.3 Test results

The estimated measurement uncertainties shall not be combined with measured results to assefs
conformgnce to productspecifications.

For consideration ofiancertainty, see Annexes K and L, which provide guidance for the determination pf
uncertaipty related’to metrological parameters and values obtained from the interlaboratory tests or] a
group of teelssand aluminium alloys.
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Ae
Ae/?2
RA Ae/2
‘ / / \
b |
) / /
/
/ f "/
/
£ / /
3 /
/ /
/ /
/ /
/ /
/ /
/ /
/ /
0 A, e
Ay
A
A
Key
A| percentage elongation after fracture [determined from,the extensometer signal or directly from the|test piece
(see 20.1)]
A{ percentage plastic extension at maximum force
A4 percentage total extension at maximum foree
Al percentage total extension at fracture
e| percentage extension
my; slope of the elastic part of the stress-percentage extension curve
R| stress
R{ tensile strength
A¢ plateau extent (for determination ong, see Clause 17, for determination ongt, see Clause 18)
Figure 1 — Definitions of extension
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R R A
0 e 0 e
a) b)
R A R
Q:% = =3
o a4
0 e 0 e

Key
e  percgntage extension
R stres
R.;; uppef yield strength
R, loweryield strength
2 Initia] transient effect.

Figure 2 — Examples of upper and lower yield strengths for different types of curve
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percentage extension

specified percentage plastic extension
stress

proof strength, plastic extension

oV

Figure 3 — Proof strength, plasticextension, R, (see 13.1)

RA

R

€t

peficentage extension
percentage total extension

W J

stress
proof strength, total extension

Figure 4 — Proof strength, total extension, R,

© IS0 2019 - All rights reserved

23


https://standardsiso.com/api/?name=c50315aa92e3f97f79c35a2bdf8320d3

ISO 6892-1:2019(E)

Key

= = RS

-

Qx o
o

X

24

perce
perce
stres
speci

perce
speci
stres

proof

ntage elongation or percentage extension

ntage permanent set extension or elongation

fied permanent set strength

Figure 5 — Permanent set strength; R,

R A

ntage extension
fied percentage plastic extension

strength, plastic extension

Q¥

W J

Figure 6 — Proof strength, plastic extension, R, alternative procedure (see 13.1)
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RA RA
C
o
A.
- L a
o o
0 e 0 e
a) Horizontal line method b) Regression method
Key
Al percentage yield point extension
e| percentage extension
R| stress
R}y upper yield strength
a | Horizontal line through the last local minimum point;prior to uniform work-hardening.
b [ Regression line through the range of yielding, prior to uniform work-hardening.
¢ | Line corresponding to the highest slope of the.curve occurring at the start of uniform work-hardenirg.

Figure 7 — Different evaluation methods for percentage yield point extension, 4
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R A R A

g - z
/ - o
0 e 0 [
a) ReH < Rm b) ReH > Rm
R A
3
35
0 e
c) Special case of stress-percentage extension behaviour?
Key
e  percgntage extension
R stres
R,y uppef yield strength
R, tensile strength
a  For rpaterialsswhich display this behaviour, no tensile strength is defined according to this document.|If
necegsary, separate agreements can be made between the parties concerned.
Figure Differenttypes-ofstress-extension-ecurvefor-determination-oftensilestrengthy Ry,
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e R e
102 |- 102 |
AT
4
I | 103 L
| |
I
3
|
10° | | | | 109
| | |
! | | 102
| | |
% 2° 2
|
| | |
10* | | | 104 |-
i R N N
| I I 10t
o R
|
| | | | | | |
5| 6
. | | . | | |
B e e I I A
| | | op | | | |
I I | 10 | | | l
Rey | R, | R, I t 7 1 t 7 I 8 I 9 t
R A A Ra | R Rem |
R | Ad R, | R, | R | AgA]l |
A R R A
| I | 1 A ) Z !
a) Method A b) Method B
Key
¢| strain rate, in s-1 5 control mode: extensometer control (Method A1 closed
loop) or crosshead control (Method A2 open Joop)
R| stress rate, in MPa s~1
t | time 6 control mode: crosshead control (Method A% open
loop)
1 range 1: e = 0,000:07)s~1, with a relative 7 elastic range of the test
tolerance of +20.% 8 plastic range for the determination of R, Rf, R;, A,
2 range 2: ¢ <0000 25 s-1, with a relative 9 Lna;im:r; strain rate for the determination ¢f R, Agt,
toleranceef +20 % g v
3 a  Recommended.

range;3: e =0,002 s-1, with a relative
tolerance of +20 %

. b Evnandad ranca ta lowar ratac iftactinag makbhi i
4 Fange &7 ¢ = 0,006 7 5=, With a Telative xpandedrange-to-lowerrates-iftestingmathine is
tolerance of +20 % (0,4 min-1,
with a relative tolerance of +20 %)

not capable of measuring or controlling the strain rate
(see 10.3.3.2.5).

NOTE1 Symbols refer to Table 1.

NOTE 2  Strain rate in the elastic range for method B is calculated from stress rate using a Young's modulus of
210 000 MPa (steel).

Figure 9 — Illustration of strain rates to be used during the tensile test, if R.y, R.1, R, Ry Ry Ao

Ag, Agt, A, A, and Z are determined
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Key

e

a

b

NOTE

28

percd
stres
False
Stres

Figure 10 — Illustration of an inadmissiblé{discontinuity in the stress-strain curve

. Y

ntage extension

values, resulting from an abrupt strain rate increase.
5-strain behaviour, if strain rate is abruptly increased.

For parameter definitions, see Table 1.
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a,

a) Before testing

L. M
L,

b) After testing
Key
af original thickness of a flat test piece or wall thickness of atube
b{ original width of the parallel length of a flat test piece
L{ parallel length
L{ original gauge length
L| total length of test piece
L] final gauge length after fracture
S4 original cross-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
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Key
L, origiIal gauge length
S

o al cross-sectional area

origi

Figure 12 — Test pieces comprising an unmachined portion of the product (see Annex C)
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So
™ AT
S _4___ — —
I o ]
LO =
L
L
a) Before testing
Su
N o507 1
-+ —G—T_ +
L L
L,
b) After testing
Key
d{ original diameter of the parallel length of a circular test piece
L{ parallel length
L{ original gauge length
L{ totallength of test piece
L] final gauge length after fracture
S4 original cross-sectional area of the parallel length
SJ minimum cross-sectional area after fracture
NOTE The shape of the testipiece heads is only given as a guide.

Figure13~— Machined test pieces of round cross-section (see Annex D)
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a,
i

b) After testing
Key
a, original wall thickness of a tube
D, origi}al external diameter of a tube
L, original gauge length
L, total |ength of test piece
L, final gauge length after fracture
S, origifal cross-sectional area of the parallellength
Sy miniImm cross-sectional area aftersfracture
1 gripped ends

Figure 14— Test pieces comprising a length of tube (see Annex E)
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S, 1
a, /
<

L

L

L

a) Before testing
S
I —. ) -
L o
L,
b) After testing

Key
a{ original wall thickness of a tube
b{ original average width of the longitudinal‘strip taken from a tube
L{ parallel length
L{| original gauge length
L] totallength of test piece
L] final gauge length after fracture
SJ original cross-sectional‘area of the parallel length
S/ minimum cross-sectienal area after fracture
1| gripped ends
NOTE The‘shrape 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 testing machines

A1 Ge

This annex contains additional recommendations for the determination of mechanical properties by

using a ¢
that shoy

These re
to the op

A.2 Te

A2.1 I

The mac
software
informat|
be given
test piece

neral

omputer-controlled tensile testing machine. In particular, it provides the recommendatio
1d be taken into account in the software and testing conditions.

prating conditions of the tensile test.

nsile testing machine

Jesign

. If such outputs are not provided, the machine mangufacturer should give raw digital data wi
jon on how these raw digital data have been obtained and treated by the software. They shou
n basic SI units relating to the force, the extension, the crosshead separation, the time, and t
e dimensions. An example of the format of suitable data files is given in Figure A.1.

fommendations are related to the design, the software of the machine-and’its validation, afd

nine should be designed in order to provide outputs.giving analogue signals untreated by the

1S

'h
d
e
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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"

[& "Extensometer output in mm"

"Parallel length = Lc"

"Data acquisition rate 50Hz™

Tara IOw LOTr sStarr LOrce requccton toystelfesls] =
"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"
Eg "N";2912

"M 4
"HS"; O
"He";0
"Cs";0

>>>"time";"crosshead";"extensometer";"force"
W T v e
; ; ;

.40;0.0012;0.0000;0.12654
.42;0.0016;0.0000;0.12992
.44;0.,0020;0.0001;0,13334
.46;0.0024;0.0002; 0523699
.48;0.0029;0.0008,0.14114
.50;0.0035;0..0004;0.14620
.52;0.0041;040006;0.15124
.54;0.004%;0.0007;0.15669
.56;0.009470.0008;0.16247
.58;0,0060;0.0009;0.16794
.80;090067;0.0012;0.17370
T62%0.0074;0.0013;0.17980
264;0.0082;0.0014;0.18628

o OO0 o0cOoOCcocoOCoCcoocoo

Ly
header
test parametérs and sample dimensions
data

O w > R

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

A.2.2 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,
Formula (A.1) may be used to determine the minimum sampling frequency, f,;,, in reciprocal seconds:
e E
fmin =———-100 (A1)
Rey -q
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where
e
E
Rey

q

The choi
during th
and the 1

If metho
Formula

f min
where R

A.3 De

A3.1 (
The follo

A3.2

R,y (3.10
a reducti

the previous maximum over a strain range/not less than 0,05 %.

A.3.3 B
R, (3.10.

A3.4 P

Ay, (see 3

maximuin force.

For somj
regressic

is the strain rate, in reciprocal seconds;
is the modulus of elasticity, in megapascals;
is the upper yield strength, in megapascals;

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

ce of R,y in Formula (A.1) is due to the fact that it corresponds to a transient characterist
e test. If the material tested has no yield phenomena, the proof strength R, , should.be usq
equired minimum sampling frequency can be halved.

(A.2):

= R -100 (A.
ReH'q

is the stress rate, in megapascals per second.

termination of the mechanical properties

eneral
iving requirements should be taken into account'by the software of the machine.

pper yield strength

12.1) should be considered as the stress corresponding to the highest value of the force prior
on of at least 0,5 % of the force, and followed by a region in which the force should not exces

roof strength at plastic extension and proof strength at total extension

$) and R, (3.10.4) can(be determined by interpolation between adjacent points on the curve.

ercentage totalextension at maximum force

.6.4 and Figure 1) should be considered as the total extension corresponding to the strain

e materials, it is necessary to smooth the stress-strain curve in which case a polynomi
145 recommended. The smoothing range may have an influence on the result. The smooth¢

l B (stress rate based) is used, the minimum sampling frequency should be caleulated using

ic
bd

Lo
e d

al
bd

curve should be a reasonable representation of the relevant part of the original stress-strain curve.

A.3.5 Percentage plastic extension at maximum force

A, (see 3.6.5 and Figure 1) should be considered as the plastic extension corresponding to the strain at

maximum force.

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.3.6 Percentage elongation at fracture

A.3.6.1 Determine A, 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, and

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

Ah increased sampling rate and/or filtering of the force signal may influence the point off fracture
dé¢termined according to this method.
Another useful method for detecting the fracture of the test piece is to monitor the voltage ofr electric
current through the test piece, when the values measured just before the current’is interrypted are
tgken as those at fracture.
A 3
F &
g
F 0O
A A
\ ]
5
<
A
\k—lﬁ
0 ~ t
<5
Key
F force a  Fracture.
Fl maximum force o  data point
Fl force at measuring pointn + 1 Criteria for fracture
A¥, -, force difference between measuring |AF,4q 4| > 5|AF), ,_4| and/or
pointzahdn -1 F,.1<0,02F,
AF,.1, foreedifference between measuring
pointn + 1 and n
t time

Figure A.2 — Schematic representation for definition of fracture of the test piece

A.3.6.2 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.3.6.3 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.
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A.3.7 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.

Methods based on the calculation of the characteristics of a sliding segment are the most convenient.
The parameters are the following:

a) thelength of the sliding segment (number of points used);

b) the fprmula 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 slopg¢ of the curve in the elastic range corresponds to the mean slope in a range whergthe following
conditions are fulfilled:

— the dlope of the sliding segment is constant;
— the gelected range is representative.

In any cafe, it is recommended that pertinent limits for the range can be selected by the user in order fo
eliminat¢ unrepresentative values of the slope of the curve in the elasticbange.

Referencps to these and other acceptable methods are given in References [5], [17], [18], and [19].

Arecommended method to determine the slope of the elastic line-for evaluation of R, , (Reference [2(])
is given Helow.

— linedr regression of the linear range;
— lowef limit: ~10 % of R, »;
— uppdr limit: ~40 % of Rpo,zi

— to get more exact data for R, ,, the elastic line should be checked and if necessary recalculated with
other limits.

A.4 Validation of the software for determination of the tensile properties

The effigiency of the methods used by the testing system to determine the various material
characteristics may be ehiecked by comparison with results determined in the traditional manner ty
examination/calculationfrom 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 frequen¢y
bandwidth, sampling frequency, and uncertainty of at least equal to those used to provide the machine
computer-calcylated results.

ConfideniceZmay be placed in the accuracy of the machine computer processing if differences |n
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.

NOTE 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 criteria mentioned above and those in
Table A.1.
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As part of the EU-funded TENSTAND project (GBRD-CT-2000-00412), ASCII data files were produced
with agreed values of tensile properties that may be used for validation of software. Further details are
given in References [21] and [22].

Table A.1 — Maximum permitted differences between computer-derived and manually

derived results

o

(B;=H;-R);

Da sb
Parameter - -
Relative¢ Absolute¢ Relativec Absolute¢
Ry0.2 0,5 % 2 MPa 0,35 % 2 MPa
Ry <0,5% 2 MPa <0,35% 2.MPa
R.y <1% 4 MPa <0,35% 2 MPa
R.. <0,5% 2 MPa <0,35 % 2 MPpa
R, <0,5% 2 MPa <0,35% 2 MPa
A — 2% — <2%
n
a Dz%ZDi :

1 n
S= rpzl(Dl—D)z .

here

7’

D; is the difference between the result of manual evaluation, H;,@nd'the result of computer evaluation, R;, for 4

n isthe number of identical test pieces from one sample (25);

The highest of the relative and absolute values should bé taken into account.

test piece

A

C
th
is
E
fo
dg
IS

T
f

R
T

.5 Computer compatible representation of standards

mputer Compatible Representation-of Standards Computer readable data formats develope
e scope of the CEN/WS ELSSI-EMD offer an effective means to overcome systems intero
ues and enable electronic reporting in the engineering materials sector. The findings of CEN/
MD, which aimed to establish*the viability of defining data formats based on documentary §
r mechanical testing, afe,reported in CWA 16200[42]. The guidelines that CWA 16200 desq
fining computer readable data formats based on a documentary testing standard have been
0 6892-1. The resulting definitions are available from the BSI Standards Resources server.

demonstrate{potential usage, CWA 16200 includes examples of the reporting capability for
rmats basedn a tensile test carried out using a test piece manufactured from the Tensile
pferencecMaterial CRM 661 (INGELBRECHT and LOVEDAY 2000[29]) carried out as pa
ENSTAND Project (RIDES and LORD, 2005[21).

d within
erability
SELSSI-
tandards
ribes for
pplied to

the data
Certified
't of the
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Annex B
(normative)

es of test pieces to be used for thin products: sheets, strips,
and flats between 0,1 mm and 3 mm thick

B.1 Ge

For prod

B.2 Sh

Generally
L., shall
width of

By agree

products
product.

B.3 Di
Three di

The parallel length shall not be less than L, + b/2)

In case o

For parallel side test pieces less than20° mm wide, and unless otherwise specified in the produict

standard
length be

When me

For test pieces where the-width is the same as that of the product, the original cross-sectional area, §,

shall be d

The nom

neral

Icts of less than 0,5 mm thickness, special precautions can be necessary.

ape of the test piece

b, the test piece has gripped ends which are wider than the parallel length. The parallel lengt

these ends should be 21,2b,, where b, is the original width.

ment, the test piece may also consist of a strip with parallel sides (parallel sided test piece). F

mensions of the test piece

ferent non-proportional test piece geometries‘are widely used (see Table B.1).

fdispute, the length L + 2b, should®e used, unless there is insufficient material.

, the original gauge lengthyli;, shall be equal to 50 mm. For this type of test piece, the fr
tween the grips shall be-equal to L, + 3b,,

asuring the dimensions of each test piece, the tolerances on shape given in Table B.2 shall app

alculated onthe’basis of the measured dimensions of the test piece.

nal width of the test piece may be used, provided that the machining tolerances and toleranc

on shaps

before tl'1e testy

givenin*Table B.2 have been complied with, to avoid measuring the width of the test pie

be connected to the ends by means of transition curves with a radius of at least 20 mm. The

of width equal to or less than 20 mm, the width of the test'plece may be the same as that of the

h,

DI

Pe

y.

o’

S
Ce
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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 length for parallel sided
b L .
o L ¢ test piece
0 Minimum | Recommend-
ed
1 12,51 50 57 75 87,5
2 201 80 90 120 140
3 25+1 502 602 — Not defined
al  The ratio L,/b, and L./b, of a type 3 test piece in comparison to one of types 1 and 2 is very low:As a fesult, the
ploperties, especially the elongation after fracture (absolute value and scatter range), measured withthis test ppiece, will
b different from the other test piece types.

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

Dimensions and tolerances in rrlillimetres

Nominal width of the test piece Machining tolerance? Tolerance on shaﬂeb
12,5 +0,05 0,06
20 +0,10 0,12
25 +0,10 y 0,12

[

o

o

These tolerances are applicable if the nominal width of the test\piece is to be used in the calculation of th
oss-sectional area, S,, without having to measure the width of each test piece.

Maximum deviation between the measurements of the widthvalong the entire parallel length, L, of the test

e original

iece.

T
b
T
sk

p1
Wi

7

.4 Preparation of test pieces

he test pieces shall be prepared so as not to affect the properties of the sample. Any areas w
ben hardened by shearing or punching, if it affects the properties, shall be removed by m
hese test pieces are predominantly-prepared from sheet or strip. If possible, the as-rolled
ould not be removed. J

he preparation of these teSt'pieces by punching can result in significant changes to the

nich have
achining.
surfaces

material

operties, especially the-yield/proof strength (due to work-hardening). Materials which exhibit high

ork-hardening should;generally, be prepared by milling, grinding, etc.

br very thin materials, it is recommended that strips of identical widths should be cut and a

ssembled
11 bundle
the final

t no test

— 12,5mm+ 0,05 mm =12,55 mm

— 12,5mm - 0,05 mm = 12,45 mm

©
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B.5 Determination of the original cross-sectional area

S, shall be calculated from measurements of the dimensions of the test piece or by assumption of good
machining practice (see footnote a of Table B.2).

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

[TOSS-SECHONal ared be deterined withr air accuracy of =196 or better, For Tt ateria

special npeasurement techniques can be required.

42
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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

T
b

If
le

C
D

al

T

Wi

For products of circular cross-section, the original cross-sectional area may be calculated

1 Shape of the test piece

he test piece generally consists of an unmachined portion of the product (see Figure 12).

2 Dimensions of the test piece

he original gauge length, L, shall be taken as 200 mm = 2 mm or 160 mm * 1 mm. The

the percentage elongation after fracture is not to be determined, a distance between the g
ast 50 mm may be used.

3 Preparation of test pieces

the product is delivered coiled, care shall be takenh straightening it.

4 Determination of the original cross-sectional area

ptermine S, to an accuracy of £1 % orybetter.

ithmetic mean of two measurements carried out in two perpendicular directions.

~1000-m
p-Le

S

o

here

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

ptween the grips of the machine shall be equal to atleast L + 3b, buta/minimum of L + 20 m

ne original cross-sectional area, S,, in square millimetres, may be determined from the 1
known length and its density using Formula (C.1):

distance
m.

rips of at

from the

hass of a

(C.1)

©

A s the density in grams per cubic centimetre, of the test piece material:

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

ISO 2019 - All rights reserved

43


https://standardsiso.com/api/?name=c50315aa92e3f97f79c35a2bdf8320d3

ISO 689

2-1:2019(E)

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

D.1 Sh

Usually, {
radii to t

Figure 1
the folloy

a) 0,75¢,, where d, is the diameter of the parallel length, for the cylindricaltest pieces;

b) 12 nmm for other test pieces.

Sections,|bars, etc. may be tested unmachined, if required.

The crogs-section of the test piece may be circular, square, rectangular or, in special cases,
another ghape.

For test pieces with a rectangular cross-section, the width to thickness ratio should not exceed 8:1.
In generjl, the diameter of the parallel length of-machined cylindrical test pieces shall be not le
than 3 mm.

D.2 Di

D.2.1 H

The parallel length, L, shall bé at least equal to:

a) L,+
b) L,+
o L,+

ape of the test piece

he gripped ends which may be of any suitable shape for the grips of the teSting machine (s
). The minimum transition radius between the gripped ends and the parallel length shall |
ving:

mensions of the test piece

arallel length of machined test piece

d,/2) for cylindfical test pieces;
1,5,/S, forproportional test pieces other than cylindrical test pieces;

[b,/2) fexnon-proportional test pieces (see Table D.2).

In case or‘ dispute, the length L, + 2d, or L, + 2,/S, shall be used depending on the type of test pieq

he test piece is machined and the parallel length shall be connected by means of transitign

15
e

of

1°2]
v

(o]

unless there is insufficient material.

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

44

of /S, from the grips.
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D.2.3 Original gauge length

D.2.3.1 Proportional test pieces

ISO 6892-1:2019(E)

As a general rule, proportional test pieces are used where L is related to the original cross-sectional

=L, + 2b, shall be used unless theére’ls insufficient material.

area, S,, by Formula (D.1):
L,=k|S, (D.1)
where k1s equal to 5,65.
Alternatively, 11,3 may be used as the k value.
T¢st pieces of circular cross-section should preferably have one set of dimensions giveh in Table D.1.
Table D.1 — Circular cross-section test pieces
Coefficient of proportionality Diameter Original gauge length Minimum parall¢l length
k d L, = kS, L,
mm mm mm
20 100 110
14 70 77
5,65
10 50 55
5 25 28
7

D{2.3.2 Non-proportional test pieces
Npn-proportional test pieces may be used if-specified by the product standard.
The parallel length, L., should not be_léss than L, + b,/2. In case of dispute, the parallpl length
L(
T4

Table D.2 — Typical flat test piece dimensions

ble D.2 gives details of some typigal test piece dimensions.

Dimensions in njillimetres

Width Original gauge Minimum parallel Approximately total
b, length length length
L, L. L,
404 0,7 200 220 450
25+0,7 200 212,5 450
20+0,5 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.

© IS0 2019 - All rights reserved
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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 used in the calculation of results without having to measure each test piece.

— 10 mm + 0,03 mm = 10,03 mm

— 10 mm - 0,03 mm =997 mm

D.3.3 Iien dIICES OIT Sirape
The valug given in Table D.3 means that, for a test piece with a nominal diameter of 10 mm_ whi¢h
satisfies [the machining conditions given above, the deviation between the smallest andlargelst
diameter|s measured shall not exceed 0,04 mm.
Consequently, if the minimum diameter of this test piece is 9,99 mm, its maximum diameter shall npt
exceed 999 mm + 0,04 mm = 10,03 mm.
Table D.3 — Tolerances relating to the transverse dimensionsof test pieces
Dimensjons-and tolerances in millimetres
Desi . Nominal transverse | Machining telerance on | Tolerance on
esignation - . < ) : b
dimension the nominal dimension? shape
23
+0,02 0,03
<6
. . ) >6 D
Diameter]of machined test pieces of +0,03 0,04
circular qross-section and transverse <10
dimensiopns of test pieces of rectangular >10
cross-sedtion machined on all four sides o E +0,05 0,04
<
>18
+0,10 0,05
)" <30
>3
N +0,02 0,03
<6
>6
+0,03 0,04
<10
Transverfe dimensions oftesSt pieces of >10
rectangular cross-sectigh.mhachined on +0,05 0,06
only twoopposite sides <18
>18
+0,10 0,12
<30
>30
+015 015
<50
a2 These tolerances are applicable if the nominal transverse dimensions of machined test piece are to be used in the
calculation of the original cross-sectional area, S, without having to measure the transverse dimensions of each test piece.
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

The test piece consists either of a length of tube, or a longitudinal or transverse strip cut fromthe tulpe
and havipg the full thickness of the wall tube (see Figures 14 and 15), or of a test piece of circular crogs-
section machined from the wall of the tube.

Machined transverse, longitudinal, and circular cross-section test pieces are described'in Annex B fpr
tube wal| thickness less than 3 mm, and in Annex D for thickness equal to or greater than 3 mm. The
longitudinal strip is generally used for tubes with a wall thickness of more than(@;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 free length between each plug and the nearest gauge
marks shall be greater than D /4. In case of dispute, the valu€, D, shall be used, if there is sufficiept
material

The length of the plug projecting beyond the grips of the-machine in the direction of the gauge marks shall
not exceqd D, and its shape shall be such that it does\hot interfere with deformation of the gauge lengtt

E.2.2 jongitudinal or transverse strip

The pardllel length, L, of the longitudinal.strips shall not be flattened but the heads may be flattengd
for grippjng in the testing machine.

Transverfse or longitudinal test piece dimensions other than those given in Annexes B and D can lpe
specified in the product standaxd:

Special precautions shall be.taken when straightening the transverse test pieces.

E.2.3 (ircular cross-section test piece machined in tube wall

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

E.3 Determination of the nriginal 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 Formula (E.1):

~1000m
p Lt

S, (E.1)
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where

m is the mass, in grams, of the test piece;
p isthe density, in grams per cubic centimetre, of the test piece material;

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

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

where
b, 1isthe average width of the strip;
D, isthe external diameter of the tube;
a, isthe thickness of the tube wall.

The simplified Formula (E.3) can be used for longitudinal test pieces where the ratio betwe
and external tube diameter falls below set limits:

For length of tube, the original cross-sectional area, S, shall be calculated from Formula (E.4)

2
2
b D b b 1/2 D -2a b
S, =—°(D§ —b:]l/z +—>arcsin| — ——°|:(D0 -2a, )2 —bfjl - == ° arcsin <
4 4 D, 4 2 D -2a
o o

o

bo b
So=ayb,| 1+ if —-<0,25
6D, (D, —2a,) Dy

b
=a,b it~ —-<0,10

(0] 0o~o
(0]

S

S,=may(D, - a,)

(E.2)

en width

(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 equipment

Formula|(2) does not consider any elastic deformation of the testing equipment (frame, load cell, grips,
etc.) durfng the application of force to the test piece. It is possible to estimate a compensation fpr
the deflection of the testing equipment by using the stiffness of the test piece at the point,of interest
(e.g- Ry,4)- If the point of interest is beyond the elastic range (e.g. R, ,), the use of the stiffness of the
test plecg during the elastic portion of the stress strain curve will result in a grossly-everestimatgd
correctidn. The stiffness of the testing equipment shall also be known for the grip configuration and
grip sepqration used. For some configurations, the effective stiffness of the testihg equipment may
increase substantially as the grips bite into the test piece during a test. It is impefative that the stiffnefs
of the tedting equipment be evaluated at the point of interest.

If desired, use the following procedure to calculate a crosshead separation rate that is compensated fpr
the defleftion of the testing equipment during a test, using the stiffness‘of the testing equipment at the
point of interest and the slope of the stress-strain curve at the point'ef interest. It is recommended fo
check th¢ resulting strain rate at the point of interest while doing’a‘test to ensure that the calculatign
has been|done appropriately.

The estijnated strain rate, in reciprocal seconds, during @ test at the point of interest is given by
Formula [(F.1) (see Reference [39]):

) Ve
e, 94———— FJL
+L,
C
M
where
v. [is the crosshead separationtate, in millimetres per second;

m |is the slope, in megapascals, of the stress-percentage extension curve at a given moment of
the test (e.g. around-the point of interest such as R ,);

is the original<€ross-section area, in square millimetres;

Cy s the stiffness, in newtons per millimetre, of the testing equipment (around the point of inter-
est suchhas R, ,, if stiffness is not linear, e.g. when using wedge grips);

isthe parallel length, in millimetres, of the test piece.

NOTE The values of m and Cy; derived from the linear portion of the stress/strain curve cannot be used.

Formula (2) does not compensate for the effects of compliance (see 10.3.2.1). When controlling the test
by crosshead displacement, a better approximation of the required strain rate can be achieved by using
the crosshead separation rate derived from Formula (F.2) (see Reference [40]):

) m-S,
v.=é€, +L. (F.2)

Cym

For using Formula (F.1) or (F.2), it is necessary to know the stiffness Cy of the complete used testing
equipment (testing rig, load cell, clamping system for test pieces to be tested). The following procedure,
firstly described in Reference [53], provides correct values for the stiffness Cy;.
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A test piece of the same geometry and similar properties to the material to be subsequently tested is
tested using a slow known constant crosshead separation rate. Then the following parameters have to
be determined:

— from the stress/strain diagram, the slope m around the point of interest;
— from the percentage extension/time curve, the resulting strain rate around the point of interest.

The stiffness can now be calculated using Formula (F.3) [conversion of Formula (F.1) or (F.2)
according to Cy].

m-S
CM :V—O (F.3)
C
A §
em ¢

This procedure should only be used for materials with no discontinuous yielding behaviofir in the
rglevant range. For testing materials which exhibits discontinuous or serratedyielding, the kjpowledge
of the stiffness is not necessary because the estimated strain rate over the patallel length, e, | and the

simplified Formula (2) (see 10.3.2.1) instead of Formula (F.2) should bemsed for the calculatjon of the
closshead separation rate v,.
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Annex G
(normative)

Determination of the modulus of elasticity of metallic materials

using a uniaxial tensile test

G.1 Ba

Although
region of
being tes
curve co
elasticity
required
elastic reg

It is not 1
extensiol

An addit
ASTM E

G.2 Ge

This ann
uniaxial

— negligible creep effects of the material\inthe evaluation range;

— suffi

These re
of the teg

The modulus of elasticity-is-a characteristic material property and is used for the calculation of the

elasticity

NOTE
extensom,

G.3 Te

ckground

rresponds to the modulus of elasticity of the material being tested sifice’ the modulus

gion with sufficient precision to give modulus values with an acceptable level of uncertaintyj

required to use this annex to determine the slope of the elastic)part of the stress-percenta
1 curve for the determination of proof strength.

onal description of the determination of the modulus of elasticity by tensile testing is given
| 11[52]. For information, see also SEP 1235[431,

neral

bx contains additional requirements for the determination of the modulus of elasticity using
fensile test. This test method is limitedte materials which meet the following criteria:

Cient straight line in the elastic range of the material in the evaluation range.
t.
of products anid,components conforming to Hooke's Law.

Typically, this test is performed as a separate test from the tensile test because of the limitation of t
eter displacement.

Juirements are related to the design of the testing equipment, the test piece and the evaluatign

ISO 6892-1 requires the generation of a straight line with a given offset parallel-to the linepr
the stress-strain curve in order to determine the specified proof strength, R, @fthe material
ted, most users usually assume that the slope of the linear elastic region of the stress-strajn

f

, E, is given by the relationship E = stress/strain. However, in general, the Class 1 extensometpr
for the tensile test is not sufficiently accurate for measuring the very small strains in the

D

11N

sting equipment

G.3.1 Accuracy of the testing equipment

G.3.1.1

Force-measuring device

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

G.3.1.2

Extensometer system

The extensometer system shall be in accordance with ISO 9513, class 0,5, in the relevant range.
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The strain shall be measured on opposite sides of the test piece.

The use of a large extensometer gauge length (e.g. 250 mm) is recommended.

G.

3.1.3 Resolution of the testing system

The resolution of the testing system shall be sufficient for obtaining at least 50 different discrete
measured values in the evaluation range.

G

3.1.4 Measuring devices for the determination of the relevant test piece dimensions

A
tg
sh

G

el
sS4

It

G
T
N
T
W

p1

G

Cl
S§
th

+

alignment is achieved.

Gl4 Test pieces

For the determinationof the original cross-sectional area, see Clause 7. In addition to the require
ause 7,a minimum of three measurements for each dimension shall be performed. The origimal cross-

I measuring devices used for the determination of the original cross-sectional area shall.be
the appropriate standards with traceability to a national measurement system. The mieasuri
all be able to guarantee an accuracy of the measured data of better than +0,5 % of the.measuy

3.2 Method of gripping and alignment

psticity. For requirements regarding the method of gripping, see 10.2{"and for further inf¢
e ASTM E1012. Additional helpful information may be in ISO 23788.

is recommended to use mechanical devices (e.g. stoppers) to-position the test piece so f

4.1 General

ne test pieces shall be straight.
DTE Bent or twisted test pieces cannatbe tested according to this annex.

he test piece surface shall be in such.a'condition that it does not influence the test result.

eparation, the modulus values determined are sometimes not representative of the base ma

4.2 Determination of original cross-sectional area

ctional area;ss, is the average cross-sectional area and shall be calculated from the measurg
e appropridte dimensions. The original cross-sectional area shall be determined with an ac
,5 % arbétter.

G

hlibrated
hg device
ed value.

he method of gripping and the alignment are important for the determiination of the m¢dulus of

rmation,

hat good

here residual stresses are present in the sample, as a result of either prior processing T sample

erial.

bments in

ments of
Curacy of

5~ Procedure

G.

5.1 General

If the stress-strain curve up to Ry or R , is not known, a pre-test in advance of the measurement of
the modulus of elasticity shall be performed

G

.5.2 Setting the force zero point

The setting of the force zero point shall be carried out in accordance with 10.1

©
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G.5.3 Testing conditions

G.5.3.1 Testing rate

Compared to the other properties determined within the tensile test, the modulus of elasticity is less
sensitive to the testing rate. The testing rate should be according to Method A Range 1. Other testing
rates including the use of Method B are permitted.

The testing rate may be low to achieve the required number of data points for the analysis.

A constaht crosshead separation rate may be used to avoid any discontinuities.

G.5.3.2 [Data sampling frequency

The datalsampling frequency shall be chosen in such a way that a minimum of 50 meastred valuesl|is
obtained|in the relevant range (R, R,).

The minimum data sampling frequency can be calculated by Formula (G.1):

fofEe G
Ry, —Rq

where N s the number of measured values in the relevant range.

For steelwith R; = 10 MPa and R, = 50 MPa and a testing rate of 0,000'07 s-1, the data sampling frequengy
shall be greater than 18 Hz.

G.5.3.3 |Testing procedure

—

If the tesf piece will be used more than one time for the modulus determination, the applied load sh4ll

not be greater than a value corresponding to 50 %-ef the expected Ry or R, ,.

Otherwige, it is recommended to perform the test up to a point where plastic deformation can be
observed.

G.6 Evpluation

G.6.1 Averaging the extenisometry signals

The averpge strain, necesSary for the calculation in G.6.2, is calculated for each stress value by averaging
the straifp from the oppesite sides of the test piece.

Strain dgta fromeedch side of the test piece may be displayed and differences in the slope of the
two curyes may-bé reduced by optimizing the testing equipment (reducing of bending). For furthpr
informatjony«se€ ASTM E 1012. Additional helpful information can be found in ISO 23788.

G.6.2 (Calculation of the modulus of elasticity
For evaluation of the recorded data, the following interactive method is recommended.

The method is based on a numerical determination of the line of best fit for the elastic range (least
squares method) including a visual evaluation of the match between this line of best fit and the curve of
actual measurement readings, followed by recalculation with altered parameters, where appropriate.
Therefore, it corresponds essentially to a manual analysis of an X-Y graph.

The use of this method depends on the availability of suitable computer software.
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A linear regression of stress over strain (G.4) shall be carried out between a lower stress value R; and
an upper stress value R, (alternatively, strain values e; and e, may be used):

E-e
= +b
100 %

where

R s the stress in megapascals;

(G.2)

T
in

sh

A
t3
of

B
th

T

A

U
rd
dg
of

In
is

E is the modulus of elasticity in megapascals;

3>}

is the percentage extension in percent;
b isthe stress offset in megapascals.

he straight line determined in this way shall be drawn into the stress-strain“diagram, wh
itial part of this diagram is magnified for this purpose. The match between'the straight lin

curve shall be evaluated visually. It can be useful to consider the coefficient’of determination
ould be close to 1 (0,999 5), whereby the number of considered datapoints should be at least 50.

hother helpful tool is the calculation of the relative standard deviation. The relative standard

her statistical data. It should be less than 1 %.

e modulus of elasticity) can be adapted to the curves
he following values are recommended as starting\points for the regression calculation:
lower stress value Ry: ~ 10 % of R,y or R,¢%;

upper stress value Ry: * 40 % of Ryp0DR 5.

lditionally, the strain offset can bé-¢alculated according to Formula (G.3):
_—b
Xy=00="F

sult of the calculatioi” Example: if the material fulfils the general conditions described in G.]

norofsufficient quality, i.e. RZ < 0,999 5, the modulus of elasticity should not be determined

breas the
b and the
R2 which

leviation

kes into account the coefficient of determination RZ and the nutber of considered data points among

I shifting the lower or upper values and re-calculatingthe formula accordingly, the line of bgst fit (i.e.

(G.3)

hder optimal testing-eonditions, the chosen default values will not have a great influende on the

P and the

ptermined defaudtvalues Ry and R, are 10 % and 40 % of R,y or R ,, respectively, a re-cglculation
the formula iy ising default values inside the determined interval (e.g. 10 % to 20 %, 20 % to 30 %,
30 % to 40 %.0f Ry or Ry, ,, respectively) will not influence the result significantly.

caseswheére the material exhibits no straight elastic line, e.g. cast iron, or the data for the r¢gression

[th

icracammended tao nerform vnnu]c\r‘ thl‘]{s faval fhe re

oo e et p e oI T THE T o Tt U S o Tttt Te

test pieces in the configuration used for testing.

reference

Suitable reference test pieces can be manufactured in-house and should have the same geometry as the
test pieces.

Further mathematical approaches and computer analysis methods are available for the evaluation of
the modulus of elasticity.

©
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G.7 Measurement uncertainty

G.7.1 General

The estimation of the measurement uncertainty for a determined modulus of elasticity can be done
according to CWA 15261-2:2005, A.5[9] or according to Annex K.

NOTE The estimation of the measurement uncertainty according to CWA 15261-2 is based on absolute
values. This results in different estimations of the respective single uncertainty budgets, if e.g. the test piece
dimensions or the extensometer gauge length differ. The estimation of the measurement uncertainty according
to Annex[K 1s based on relative estimations. Therefore, the relative estimations normally will not change.
Exception is the relative measurement uncertainty budget for the strain measurement. Because of thepsmall
extensions during the test in the elastic part, the absolute uncertainty of the strain measurement is reléyant fpr
the uncerfainty contribution (according to ISO 9513).

G.7.2 Bstimation of the measurement uncertainty according to CWA 15261-2

G.7.2.1 |General

NOTE In CWA 15261-2, the symbol L, is used for the gauge length and my for(the slope of the elastic part
of the forfe-extension curve. For conformation with this document and to prevent confusion in the followihg
(differing|from CWA), the symbol L, is used for the extensometer gauge length and Sy for the slope of the elastic
part of the force-extension curve.

The meagurement uncertainty according to CWA 15261-2 is given’by“Formula (G.4):

2

2 2
L 2 S 2 SgL 2
uc (= [ <& | -u?(Sp)+| T | -u® (Le )+ =55 % (S,) G
So So S
(0]
where
L, is the extensometer gauge length;
S, is the original cross-sectional area;
Sk is the slope of the force-éxtension curve;

u(Sg] isthe uncertainty ofslope of the force-extension curve;
u(L.) isthe uncertainfy'of extensometer gauge length;

u(S,) isthe uncertainty of original cross-sectional area.

G.7.2.2 |Examplefor the calculation of the measurement uncertainty

Table G.1f shows the results of an example for the measurement uncertainty according to CWA 152612
for a medsured modulus of p]ncfir‘ify of 1867 GPal54] hased on the fn]lnwing data:

50 mm

78,5 mm?

Sg: 293,07 kKN/mm
u(Ly): 0,144 mm
u(S,): 0,785 mm?
u(Sg): 0,064 kN/mm
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Table G.1 — Uncertainty contribution, example 1 according to CWA 15261-2

—

see Formula (G.6)].

agcording to Annéx K.

U(E)=k-u.(E)=2-1,9GPa=3,8GPa

.

This is 2,0 % based on the modulus of-elasticity of 186,7 GPa.

G|7.3 Estimationoofthe measurement uncertainty according to Annex K

Parameter Sensitivity coefficients? Uncertainty contribution?

L
—-= 0,637 mm-1
SO

u(Sg) 0,064 <N

mm

S
“E 3,733 k—NQ
) mm

u(Le) 0,144 mm
SgL

- -2,378 k—N4

So mm
u(S,) 0)785 mm?
kN
U, (E) b 19 5
mm
al Values are given for information only.
b[" u,(E) is calculated according to Formula (G.5).
_ 2 2 2 2 2,8 Va2
u.(E)=4/0,637°-0,064°+3,733°-0,144 +(—2,378) 20;785“ =1,9GPa (G.5)

For a 95 % level of confidence, the combined uncerta}nty shall be multiplied by a coverage fadtor, k = 2

(G.6)

The result of the test for the modulus of elasticity is: 186,7 GPa + 3,8 GPa (k = 2, 95 % confidenfe level).

That means that, with a confidence level of 95 %, the true value for the modulus of elasticity is in the
rgnge between 182,9 GPa.and 190,5 GPa.

Tgble G.2 indicates-the uncertainty contribution that should be considered for the modulus of Elasticity
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Table G.2 — Uncertainty contribution, example 2 according to Annex K

Uncertainty contribution?
Parameter

%

Standard deviation of slope S, ) 0,2
Standard deviation of X-values of the X-Y graph, Sy ¢ 3
Standard deviation of Y-values of the X-Y graph, Sy 1

Extensometer gauge length, L, 0,5
Origimatcross=sectiomatares; S5 T

a  Value
b S, co

¢ Based
used. Exai
(absolute

5 are given for information only.
isists of S, and S, therefore S, and S, should be considered.

on the small extensions measured in the test, the absolute value (1,5 pm of a class 0,5 extensometer) has to i
nple: AR=200MPa, E =200 GPa, L, =50 mm results in an extension of 0,05 mm. By using the bias.érror of 1,5 n
balue of an 0,5 class extensometer), the uncertainty contribution is 3 %.

[¢]

The com
Formula

o

u(

For a 95
k=2 [see

U(E

The resu

This mes
range be

G.7.4 B
A profic
particip3
elasticity

G.8 Te

The test
informat|

(G.7).

- 0,22+iz+i2+0;52+i2—19(y (G
L HRSREIREIR IR |

-

Formula (G.8]].
=k-u.(E)=2-1,9%=3,8% /] (G.

t of the test for the modulus of elasticity is: (i86,7 +7,1) GPa (k = 2, 95 % confidence level).

f'ween 179,6 GPa and 193,8 GPa.

’

roficiency test

ency test “Young’s Modulis” was performed and the measurement uncertainty for {
nts was determined. An_measurement uncertainty for the determination of the modulus
between 1,2 % and § % (at 95 % confidence level) is appropriatel54],

st report

jon shall'be included:

a) type

bined uncertainty for the modulus of elasticity, expressed as a percentage, is given by

% level of confidence, the combined uncertainty shall b& multiplied by a coverage functign,

ns that, with a confidence level of 95 %;’the true value for the modulus of elasticity is in the

Feport shall'contain the information required in Clause 22 a) to f). Furthermore, the following

/)

)

111
of

of‘extensometer system,;

b) default stress values R; and R, (in MPa) or the default strain values e; and e, (in %), respectively;

c) number of measured values in the evaluation range (between R, and R, or e; and e,);

d) modulus of elasticity E (in GPa), which should be rounded to the nearest 0,1 GPa according to
ISO 80000-1;

e) measurement uncertainty including level of confidence (in GPa) and the method of determination
(CWA 15261-2:2005, A.5 or Table G.2);

f) coefficient of determination R? of the best fit of the straight line or standard deviation S, (in GPa)

orre

58

lative standard deviation S, .1y (in %).
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G.9 Additional considerations

In general, it is difficult to determine reliable values of modulus in the tensile test unless special high
resolution averaging extensometer systems are employed, and such devices are not generally suitable
for covering the full range of the tensile test. If a single sided extensometer or clip gauge is employed,
then any slight misalignment of the test piece can result in large errors of the apparent modulus
measurement.

G.10 Other methods for determining modulus

The tensile test is not the best method for determining reliable values of modulus of elast|city, and
other alternative methods, e.g. impulse excitation or ultrasonics, are preferable. More informption can
b¢ found in References [17] and [44] to [46].

G|[1 1 Uncertainty and reproducibility
F

1l uncertainty budgets are not included here but procedures for estimatinig uncertainty basgd on the
GPMI4] associated with modulus measurements have been developed as part of the European|UNCERT
project, both for tensile testing[4Z] and for dynamic measurements/42l.

Reproducibility of modulus measurements based on 2 times the Standard deviation (s) from g series of
tensile test inter-comparison exercises, collated as part of the(TENSTAND Project, are summjarized in
Table G.3[45], ‘

Table G.3 — Overview of round robin tests: modulus of elasticity or slope of the elastic line,

respectively
Reference Authors . Year Material Reproducibilitly
\ (2s)
%
Testing Materials of Unwin(=0] 1910 Mild steel 2
Construction )
VAMAS Lord, Roebuck 1995 SiC/Al MMC 6
-t and Orkney(21]
BCR Tensile Referénge | Ingelbrecht and 2000 Nimonic 75 12
Material Lovedayl29]
CRM-66%
TENSTAND WP3 Lord, Rides and 2005 Various 5-25
[49]
Modulus Measurement Loveday
TENSTAND WP2 Lord, Loveday, 2005 Various - ASCII 1-6
ASCII Data Files Rides and l\glzcEn datafiles
teggartl(22]

The majority of the results reported above were based on the criteria laid down in ISO 6892 or the
equivalent earlier standards. It should also be considered that the aim of several testsis the determination
of common tensile test properties (e.g. also the generation of ASCII data sets in TENSTAND WP2). So the
typically single sided Class 1 extensometers with a limited accuracy in the elastic range were employed
and the slope of the elastic part of the stress-percentage extension curve my was determined with the
aim of evaluation of R, , and other properties and not to determine the intrinsic material property
modulus of elasticity EJ.)If double sided high resolution Class 0,5 extensometers are used as specified in
this annex, the uncertainty of measurement should be less and the reproducibility much better.
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Annex H
(informative)

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

Precautitlms should be taken when measuring the percentage elongation after fracture if the specifi¢d
value is lpss than 5 %.

One of thie recommended methods is as follows.

Prior to the test, a very small mark should be made close to each end of the paralleliength. Using a
pair of needle-pointed dividers set at the gauge length, an arc is scribed with the mark as a centie.
After frafture, the broken test piece should be placed in a fixture and axial compressive force appligd,
preferably by means of a screw, sufficient to firmly hold the pieces together‘during measurement.
A second arc of the same radius should then be scribed from the original-centre closest to fractute,
and the dlistance between the two scratches measured by means of a measuring microscope or othpr
suitable instrument. In order to render the fine scratches more easily visible, a suitable dye film may be
applied tp the test piece before testing.

NOTE Another method is described in 20.2 (measuring extension.atfracture using an extensometer).
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Annex I
(informative)

Measurement of percentage elongation after fracture based
on subdivision of the original gauge length

P

.1 To avoid having to reject test pieces where the position of the fracture does not comply| with the
cgnditions of 20.1, but where the complete necking occurs inside the gauge length, the féllowing method
mfay be used:

a) before the test, subdivide the original gauge length, L, into N equal lengths of5 mm (recommended)
to 10 mm;

b] after the test, use the symbol X to denote the gauge mark on the shérter part of the test piece and
the symbol Y for the gauge mark on the longer part of the test piéce which is at the same|distance
from the fracture as mark X.

L2 If n is the number of intervals between X and Y, the elengation after fracture is deterpined as
follows.

a) If N-nisan even number [see Figure I.1 a)], measure the distance between X and Y, Iy, and the
distance from Y to the graduation mark Z, Iy, logated at (N - n)/2 intervals beyond Y.

Calculate the percentage elongation after fracture, 4, using Formula (I.1):

Ixy +2ly7 —L
A=XY "*YZ ~0 100 (11)

(o]

b] If N-nisanoddnumber [see Figure .1 b)], measure the distance between X and Y and thedistance
from Y to the graduation marks Z' and Z", Iy, and Iy, located respectively at (N - n -|1)/2 and
(N -n+1)/2 intervals beyond Y.

Calculate the percentage elongation after fracture using Formula (1.2):

°.100 1.2
N (1.2)

0
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1
T

n (N-n)/2

X Ly Y 1. Z

a) N - nis an even number

b) N'=wr'is an odd number

number of intervals betweenX'and Y

number of equal lengths

bauge mark on the shobter part of the test piece
bauge mark on the longer part of the test piece
bauge marks

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

N
r..
\_n Pe——
B n (N-n-1)/2
Lyy Lyy 1
Iy
|
X Y Z'7"

Figure 1.1 — Examples of measurement of percentage elongation after fracture
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