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Foreword

1:2019(E)

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.
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ommittee SC 1, Uniaxial testing.

third edition cancels and replaces the second edition (ISO 6892-1:2016), of which it c

rorrection of the title of a standard in Clause 2;

Correction of the designation "coefficient of determination” ("coefficient of determinat
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wording in Table D.3;
correction of the references.

t 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
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plete 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 parameters are determined and to minimize the measurement uncertainty of the test results.
Therefore, and out of the fact that often the strain rate sensitivity of the materials is not known, the use
of method Aisstrongty recommended:

NOTE I what follows, the designations “force” and “stress” or “extension”, “percentage extefision”| and
“strain”, resgectively, are used on various occasions (as figure axis labels or in explanations for the determinption
of different properties). However, for a general description or point on a curve, the designations “force’| and

“stress” or “dxtension”, “percentage extension”, and “strain”, respectively, can be interchanged:

vi © IS0 2019 - All rights reserved
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INTERNATIONAL STANDARD ISO 6892-1:2019(E)

Metallic materials — Tensile testing —

Part 1:
Method of test at room temperature

1 pcope

This|document specifies the method for tensile testing of metallic materials and definésythemechanical
properties which can be determined at room temperature.

NOTE Annex A contains further recommendations for computer controlled testingnrachines.

2 Normative references

The |following documents are referred to in the text in such a way‘that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machings — Part 1:
Tensjon/compression testing machines — Verification and calibration of the force-measuring system

[SO 9513, Metallic materials — Calibration of extensenieter systems used in uniaxial testing

3 [lerms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO @and IEC maintain terminological databases for use in standardization at the following addresses:

— |SO Online browsing platform: available at https://www.iso.org/obp

— |EC Electropedia: ayailable at http://www.electropedia.org/

31
gauge length
L
length of the‘parallel portion of the test piece on which elongation is measured at any moment during
the fest

3.1.

original gauge Iength
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

3.3
elongation

test pieces.

increase in the original gauge length (3.1.1) at any moment during the test

34
percentagg
elongation

3.4.1

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

percentage permanent elongation

increase in
as a percenf

3.4.2

the original gauge length (3.1.1) of a test piece after removal of a specified stress, expre]
age of the original gauge length (3.1.1)

percentagé elongation after fracture

A
permanent
original gay

plongation (3.3) of the gauge length after fracture (L, <L), expressed as a percentage o
ge length (3.1.1)

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

3.5
extensome
Le

initial gaug

Note 1 to ent]
g. Rp, A,orA

ter gauge length

e length of the extensometer used for'measurement of extension (3.6)

ry: For the determination of severakproperties which are based (partly or complete) on extensi
, the use of an extensometer is mandatory.

Note 2 to enffry: For further information,'see 8.3.

3.6
extension
increase in

3.6.1
percentagg
strain
e

Lhe extensometergauge length (3.5), at any moment during the test

extension

ssed

f the

b1, €.

extension (3

6Yexnressed as a percentace of the extensometer gauge length (3 .8)
—J by I (=] J J J 7

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

© ISO 2019 - All rights reserved
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3.6.3
percentage yield point extension

A

1:2019(E)

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.

3.64
percentage total extension at maximum force

Agt
tota

extension (3:6) {elastic extension pius prastic extension) at MaxXimumnT fOTCE, €Xp

perdentage of the extensometer gauge length (3.5)

Note

3.6.

1 to entry: See Figure 1.

D

perd¢entage plastic extension at maximum force

A
pFas

Note

3.6.6

ic extension (3.6) at maximum force, expressed as a percentage of the. extensometer gauge

1 to entry: See Figure 1.

per¢entage total extension at fracture

At
tota

extension (3.6) (elastic extension plus plastic extension) at the moment of fracture, exj

perdentage of the extensometer gauge length (3.5)

essed as a

length (3.5)

bressed as a

Note|1 to entry: See Figure 1.
3.7
testjng rate
rate|(resp. rates) used during the test
3.7.1
strajin rate
e L.
incr¢ase of strain, measured with an extensometer, in extensometer gauge length (3.5), per fime
3.7.3
estilnated straimrate over the parallel length
e
LC
valup of the-increase of strain over the parallel length (3.2) of the test piece per time based on the
crosyhead'\separation rate (3.7.3) and the parallel length of the test piece
3.7.3
crosshead separation rate
VC
displacement of the crossheads per time
3.74

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).

© IS0 2019 - All rights reserved
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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 Maximum force

391
maximum force
Fm
<materials displaying no discontinuous yielding> highest force that the test piece withstands dyring

the test

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

test after the beginning of work-hardening

Note 1 to emtry: For materials which display discontinuous yielding,xbut where no work-hardening can be
established, F,,, is not defined in this document [see footnote to Figure.8¢)].

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

3.10
stress
R

at any momeent during the test, force divided by the original cross-sectional area, S, of the test piege

Note 1 to enflry: All references to stress in this doecument are to engineering stress.

3.10.1
tensile str¢ength
Rm

stress (3.10) corresponding to the-maximum force (3.9.2)

3.10.2
yield strenjgth
when the metallic material exhibits a yield phenomenon, stress (3.10) corresponding to the point
reached dufing the-test at which plastic deformation occurs without any increase in the force

3.10.2.1
upper yield-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 ».

Note 3 to entry: See Figure 3.

3.10.4

proof strength, total extension
Rt
stregs (3.10) at which total extension (3.6) (elastic extension plus plastic extension) is\€qual t¢ a specified
perdentage of the extensometer gauge length (3.5)

Note|1 to entry: A suffix is added to the subscript to indicate the prescribed percentage, e.g. R 5.
Note|2 to entry: See Figure 4.

3.10.5

permanent set strength
Rr
stregs (3.10) at which, after removal of force, a specified permanent elongation (3.3) or ext¢nsion (3.6),
expilessed respectively as a percentage of original gaugelength (3.1.1), or extensometer glauge length
(3.5), has not been exceeded

Note|1 to entry: A suffix is added to the subscript to indicate the specified percentage of the original gauge length,
L,, oy of the extensometer gauge length, L, e.g. R;¢.3,

Note|2 to entry: See Figure 5.

3.11
fracfure
phenomenon which is deemed te-0ccur when total separation of the test piece occurs

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

3.12
computer-controlléd)tensile testing machine
machine for which'the control and monitoring of the test, the measurements, and the datq processing
are yindertakenby computer

3.1

modulus of elasticity
E

quotient of change of stress AR and change of percentage extension Ae in the range of evaluation,
multiplied by 100 %

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
1SO 80000-1.

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

© IS0 2019 - All rights reserved 5
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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

standard deviation of the slope
Sm

additional rjesult of the linear regression which describes the difference of the stress (3.10) values)from
the best fit 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, multiplied

by 100 %

S

m(rel)

S
=2m 100 %
E

4 Symbols

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

Table 1 — Symbols and designations

Symbol Unit Designation
Test piece
a, T mm original thickness of a flat test piece or wall thickness of a tube
b mm original width-efithe parallel length of a flat test piece or average width of the lorgi-
0 tudinal strip-taken from a tube or width of flat wire
d original diameter of the parallel length of a circular test piece, or diameter of roupd
mm . . .
° wire ot-internal diameter of a tube
D, mm origibal external diameter of a tube
L, mm original gauge length
L’o mm initial gauge length for determination of 4, (see Annex])
L. min parallel length
L, mm extensometer gauge length
L 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)
VA % percentage reduction of area
Elongation
A % percentage elongation after fracture (see 3.4.2)
o % PETTentage piasticetongatiom without recking {See ATmex ) —
i )
Extension N
e % extension ) q>')
A, % percentage yield point extension A ,'\ ’
Ag % percentage plastic extension at maximum force, F, Oébv
Aqt % percentage total extension at maximum force, F,, ACO
A, % percentage total extension at fracture X (A\)
AL, mm extension at maximum force S\\J
£
AL mm extension at fracture ‘<,
Y
Rates O\)
. N ) N N
e s~ strain rate
Le QO
e L, s1 estimated strain rate over the"@\%llel length
: —
-1 |stressrate
R MPa s ’ ®$
Ve mm s~ |crosshead separation rate:
\O Force
Fn N |maximum forcg\('\}~
Yield strel@p)l — Proof strength — Tensile strength
b .
R MPa stress ‘\‘\
RoH MPa upp,e_l@ld strength
Re.1. MPa lpsq%r’yield strength
R, MPa  (iensile strength
R, MP;\%\ proof strength, plastic extension
R, N specified permanent set strength
R, (\WPa proof strength, total extension
R Modulus of elasticity — slope of the stress-percentage extension curve
I;".:&Y GPa modulus of elasticity*®
,:;} MPBa slope-ofthestress-percentase-extension-curveataaivenmomentofthetbst
MPa lope-ofthe-str percentage-extension-curve-ata-given-moment-ofthet

mg MPa slope of the elastic part of the stress-percentage extension curved
R, MPa lower stress value
R, MPa upper stress value

a  Symbol used in steel tube product standards.
b 1MPa=1Nmm=32

¢ 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)

modulus of el

CAUTION —

(see Annex G).

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
a2 Symbol used in steel tube product standards.
b 1 MPa = N =
¢ The calclation of the modulus of elasticity is described in Annex G. It is not required to use Annex G to determing the
slope of the elastic part of the stress-percentage extension curve for the determination of proof strength.
d  In the eldstic part of the stress-percentage extension curve, the value of the slope may not necessarily.represen}t the

asticity. This value may closely agree with the value of the modulus of elasticity if optimal ¢onditions are

The factor 100 is necessary if percentage values are used.

used

5 Princi

The test inv
one or moré

The test shg
For laborat]
laboratory
machines o}
the tempers:
temperatur]
increase an

Tests carrid

If the deter
accordance

6 Test pjieces
6.1 Shaple and dimensions

6.1.1 General

ple

olves straining a test piece by tensile force, generally to_fracture, for the determinati
of the mechanical properties defined in Clause 3.

pry environments outside the stated requiremerit, it is the responsibility of the tej
to assess the impact on testing and/or calibration data produced with and for tej
perated in such environments. When testingand calibration activities are performed ouf
iture limits of 10 °C and 35 °C, the temperature shall be recorded and reported. If signifj
e gradients are present during testing‘and/or calibration, measurement uncertainty
H out of tolerance conditions may occir.

d out under controlled conditions’shall be made at a temperature of 23 °C £ 5 °C.

with Annex G.

The shape i

n of

1l be carried out at room temperature between 10 °CGand 35 °C, unless otherwise specified.

ting
ting
side
cant
may

mination of the modulus efielasticity is requested in the tensile test, this shall be dome in

nd’dimensions of the test pieces may be constrained by the shape and dimensions o

f the

metallic product from which the test pieces are taken.

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

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

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


https://standardsiso.com/api/?name=17f9e3101600341a47375958861dfee0

ISO 6892-

1:2019(E)

for this requirement to be met with k = 5,65, a higher value (preferably 11,3) or a non-proportional test
piece may be used.

NOTE

fract

ure” 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).

Other test pieces such as those specified in relevant product standards or national standa

used
AST

6.1.2

Mac
leng
reco
anng

The
shal

The
betv

6.1.]

If th
leng

grip

As-¢
leng

defiped in the product standadrd. The gripped ends may be of any shape to suit the grips of

mac
forc

6.2

The
as sh

rds may be

by agreement with the customer, e.g. ISO 31831l (API 5L), ISO 11960121 (API 5CT), AS
M ESMIZI, DIN 50125191 TACS W2[13] and JIS Z 2241141,

. Machined test pieces

hined test pieces shall incorporate a transition radius between the gripped ends and
th if these have different dimensions. The dimensions of the transitiopradius are import
Immended that they be defined in the material specification if they-are'not given in the
X (see 6.2).

pripped ends may be of any shape to suit the grips of the testing machine. The axis of t}
coincide with the axis of application of the force.

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

8 Unmachined test pieces

e test piece consists of an unmachined length of the product or of an unmachined test |
th between the grips shall be sufficient for gauge marks to be at a reasonable distan
5 (see Annexes B to E).

st test pieces shall incorporateé™a transition radius between the gripped ends and
th. The dimensions of thisstransition radius are important and it is recommended t

hine provided that they'enable the centre of the test piece to coincide with the axis of aj
. The parallel length;.L), shall always be greater than the original gauge length, L.

c’

Types

main types'of test pieces are defined in Annexes B to E according to the shape and typ¢q
jown in-Fable 2. Other types of test pieces can be specified in product standards.

TM A370le],

the parallel
antand itis
hppropriate

e test piece

free length

bar, the free
ce from the

the parallel
hat they be
the testing
plication of

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
\

Thickness Diameter or side
01<a<3 — B
_ <4 C
a=3 >4 D
Tubes E

6.3 Prep

The test pi
Internation

7 Deter

The relevan
to the longi

A minimum

The origing
the measur

The accura
describe mg¢
the accurac

;

ration of test pieces

es shall be taken and prepared in accordance with the requirements of the rele
bl Standards for the different materials (e.g. ISO 377).

mination of original cross-sectional area

t dimensions of the test piece should be measured-at sufficient cross-sections perpendic
fudinal axis in the central region of the parallel length of the test piece.

of three cross-sections is recommended.

| cross-sectional area, S, is the average cross-sectional area and shall be calculated
bments of the appropriate dimensions.

Cy of this calculation depends on the nature and type of the test piece. Annexes B
thods for the evaluation of §y\for different types of test pieces and contain specification
y of measurement.

All measuri
to the appr

8 Origin

8.1 Choi

g devices used for theldetermination of the original cross-sectional area shall be calibr
priate reference-standards with traceability to a national measurement system.

lal gaugeJength and extensometer gauge length

ce of the original gauge length

vant

ular

‘rom

to E
s for

ated

C fcC | C

L H 1 rs 3 AN P ] ] £la 3 i 3 1 P
For propor\.luucu Lol PICLCD, IT LIIC Ul Aslllﬂl sausc lCllsLll IS5 11UL C\.iulvoucu\. v J,

L C
UJ»V JO y vwWIITT© Jo I

i§ the

original cross-sectional area of the parallel length, the symbol A 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,

NOTE 5

3,/S,

,65,/S, =5./4S, /™ .

€y

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

10

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 4, 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,,.

If the parallel length, L, is much greater than the original gauge length, as, for instance, with

1 q 4 PR : £ 1 H 1 | 1 1 1
unm@acirmned test PICLES, d STIITS UL UVETIAdPPIIg 5dUgT ITIHGLUILS Tlidy DT HHIdIRCU.

In s¢me cases, it can be helpful to draw a line parallel to the longitudinal axis, alongrwhich the gauge
lengths are marked.

8.3 | Choice of the extensometer gauge length

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

9 Accuracy of testing apparatus

The [force-measuring system of the testing machine’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
accc;lidance 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.

10 Conditions of testing

10.1 Setting the forcezero point

The force-measuringsystem shall be set to zero after the testing loading train has been assembled, but
befofe the test piete)is actually gripped at both ends. Once the force zero point has been seft, the force-
meapuring system Shall not be changed in any way during the test.

NOTE Thetse of this method ensures that, on one hand, the weight of the gripping system is gompensated
for i the force measurement, and on the other hand, any force resulting from the clamping operation does not
affe% thismeasurement.

10.2 Method of 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 document.

NOTE1 T
defined at th
necessary te

Ais
the

he difference between Method A and Method B is that the necessary testing speed of Methog
e point of interest (e.g. R, ), where the property has to be determined, whereas, in Method B,
sting speed is set in the efastlc range before the property (e.g. R, ) has to be determined.

Under certg
approximat
geometry a
may be obs

NOTE2 P
that are diffd

10.3.2 Testing rate based on strain rate (method A)

10.3.2.1 G

Method A ij
sensitive pg

Two differe

Method

obtaind

Method

which i
strain 1

NOTE Al

If a materia
e; ,and th
e

ely 30 MPa/s, using a testing rig and clamping system with high stiffness-and a test
ccording to Annex B, Table B.1, Test piece type 2), a strain rate near the'tange 2 of Meth|
erved.

roduct standards and corresponding test standards (e.g. aerospace stadndards) can specify test
rent from those contained in this document.

eneral

intended to minimize the variation of the test rates during the moment when strain
rameters are determined and to minimize the measurement uncertainty of the test reg

ht types of strain rate control are described in this subclause.

Al closed loop involves the contgo}of the strain rate itself, éLe ,thatis based on the feed

d from an extensometer.

A2 open loop involves the-control of the estimated strain rate over the parallel length,

s achieved by using {the crosshead separation rate calculated by multiplying the requ
ate by the parallelléngth [see Formula (2)].

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

shows noydiscontinuous yielding and the force remains nominally constant, the strain
e estimatéd strain rate over the parallel length, e L, are approximately equal. Differe

exist if the

hin conditions using Method B (e.g. for some steels a stress rate in the ‘elastic rang

re of
iece
od A

rates

rate
ults.

back

e ,
ired

rate,
nces

aterlal exhibits dlscontmuous or serrated y1eld1ng [e g- some steels and AlMg alloys i1

the

yield point lex ) ) ] ]
effect) or if necking occurs. If the force is increasing, the straln rate [if the crosshead separation rate is
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 yleld strength. Above this range and for the determination of R.y, R, or R,
the specified strain rate, eL (or for Method A2 the crosshead separation rate v ), shall be applled

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.
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During discontinuous yielding, the estimated strain rate over the parallel length, éLC

1:2019(E)

(see 3.7.2),

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

The
reley

During switching to another strain rate or to another control\mode, no discontinuities in

stra
can

The
rate

10.3

properties, R, and R,

The
or R
the t

Ran

Ran

sped

If th

10.3

(2)

is the estimated strain rate over the parallel length;

eLC

[,
c

is the parallel length.

n the range following R, or R, or end of yielding (see 3.7.2), e, _or e; canbeused. Th
s recommended to avoid any control problems which may arise if fieeking occurs
bxtensometer gauge length.

strain rates specified in 10.3.2.2 to 10.3.2.4 shall be maintained during the determin
rant material property (see also Figure 9).

n curve should be introduced which distort the valuesiof Ry, 4, or A, (see Figure 10)
pe reduced by a suitable gradual switch between thé«rates.

shape of the stress-strain curve in the work-hardening range can also be influenced b
The testing rate used should be documented.(see 10.3.4).

.2.2 Strain rate for the determination of the upper yield strength, R, or proof st

strain rate, éLe , shall be kept as.constant as possible up to and including the determin|
or R,. During the determination of these material properties, the strain rate, e L shall

wo following specified ranges (see also Figure 9).
e 1: éLe = 0,000 07:s=1, with a relative tolerance of +20 %.

be 2: éLe = 0,000 25 s71, with a relative tolerance of +20 % (recommended, unles:
ified).

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

 use of e
C
outside the

ation of the

the stress-
This effect

[y the strain

ength

ation of R,y

be in one of

otherwise

.223 Strain rate for the determination of the lower yield strength, R;, and percent

age yield

point extension, 4,

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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10.3.2.4 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
extension 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: éLC = 0,000 25 s71, with a relative tolerance of +20 %.

Range 3: éLc = 0,002 s1, with a relative tolerance of +20 %.

Range 4: e

+20 %) (reg

If the purp
rate over th
entire test.

10.3.3 Testing rate based on stress rate (method B)

10.3.3.1 G

The testing
Unless othe
half of the s

NOTE It
loop force cq

stress rate iI

decreases a
to maintain
extremely hi

10.3.3.2 Y

10.3.3.2.1

The rate of
the limits ¢

NOTE F
magnesium,
150 000 MP4

~
/

OiA—f A . 1 1 h B PRI |
0 (YU,7 I =, WILII 4 T€ldllvt LUICT dll

@]

VaWaWal ul L | h B PRI | £ fal
= U,UU0 S 7, WILIT d I'CldUIVE LOICT dIICE U T4

ommended, unless otherwise specified).

bse of the tensile test is only to determine the tensile strength, then an estimated st
e parallel length of the test piece according to range 3 or 4 may be appliedthroughou

pneral

rates shall conform to the following requirements depending on the nature of the mate
rwise specified, any convenient speed of testing may-be used up to a stress equivale
pecified yield strength. The testing rates above this poeint are specified below.

is not the intent of Method B to maintain constant’stress rate or to control stress rate with c
ntrol while determining yield properties, but onlyto set the crosshead speed to achieve the t
the elastic region (see Table 3). When a spec¢imen being tested begins to yield, the stressing
d can even become negative in the case of a“specimen with discontinuous yielding. The att
h constant stressing rate through the yielding process requires the testing machine to operd
oh speeds and, in most cases, this is neither practical nor desirable.

eld and proof strengths

Upper yield strength, R

separation of the crossheads of the machine shall be kept as constant as possible and w
rresponding to thestress rates in Table 3.

br informatioty-typical materials having a modulus of elasticity smaller than 150 000 MPa in
aluminium, alloys, brass, and titanium. Typical materials with a modulus of elasticity greater
includewwrought iron, steel, tungsten, and nickel-based alloys.

Table 3 — Stress rate

re of

rain
t the

rial.
nt to

osed
hrget

rate
empt
te at

thin

rlude
than

10.3.3.2.2

Modulus of elasticity of the material Stres§ rate
E R
MPa MPa s™1
min. max.
<150 000 2 20
2150 000 6 60

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
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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 frosshead separation rate of the machine shall be kept as constant as possible arid withn the limits
corrpsponding to the stress rates in Table 3 for the elastic range. This crosshead separatign rate shall
be mpaintained up to the proof strength (plastic extension or total extension). In any casg, the strain
ratelshall 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 thé€ strain rate, a crosshead separation
ratefequivalent to the stress rate given in Table 3 shall be used until completion of yield.

10.3.3.3 Tensile strength, R, percentage elongation after fracture, A, percentage total extension
at the maximum force, Ay, percentage plastic extensioirat maximum force, A, and pergentage
redyction area, Z

After determination of the required yield/proof stréngth properties, the test rate may be ingreased to a
straln rate (or equivalent crosshead separation\rate) no greater than 0,008 s™1.

If or:lly the tensile strength of the materialjis'to be measured, a single strain rate can be used|throughout
the tlest which shall not exceed 0,008 s=K

10.3.4 Report of the chosen testing conditions

In order to report the test control mode and testing rates in an abridged form, the followirlg system of
abbifeviation can be used;

ISO $892-1 Annn, or {SO6892-1 Bn

where “A” defin€s-the use of method A (strain rate based), and “B” the use of method B |stress rate
basdd). The symbols “nnn” are a series of up to 3 characters that refer to the rates used {luring each
phage of the\test, as defined in Figure 9, and "n" may be added to indicate the stress rate {in MPa s™1)
sele¢ted during elastic loading.

EXAMPLE1 IS0 6892-1:2019 A224 defines a test based on strain rate, using ranges 2, 2 and 4.

EXAMPLE 2 ISO 6892-1:2019 B30 defines a test based on stress rate, performed at a nominal stress rate of
30 MPa s,

EXAMPLE3 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 Deter]

13.1 R, is
of the curv
0,2 %. The
strength pl3

area of the fest piece, S, (see Figure 3).

If the straig
the parallel

When the p
10 % of th
originally. T
then drawn|

abscissa, equal to the prescribed plastic percentage extension. The intersection of this parallel ling

the force-ey
by dividing

NOTE S
these is to c(
extension cy

mination of proof strength, plastic extension

Hetermined from the force-extension curve by drawing a line parallel to the linear po
e and at a distance from it equivalent to the prescribed plastic percentage) extension
oint at which this line intersects the curve gives the force corresponding to.the desired
istic extension. The latter is obtained by dividing this force by the original cross-sect

ht portion of the force-extension curve is not clearly defined, thereby preventing draj
line with sufficient precision, the following procedure is reecommended (see Figure 6).

rtion

e.g.
roof
onal

ving

resumed proof strength has been exceeded, the force.iS¢educed to a value equal to

o determine the desired proof strength, a line is drawn through the hysteresis loop. A li
parallel to this line, at a distance from the corrected origin of the curve, measured alon

tension curve gives the force corresponding;to the proof strength. The value is calcul
this force by the original cross-sectional area of the test piece, S, (see Figure 6).

bveral methods can be used to define“the corrected origin of the force-extension curve. O
nstruct a line parallel to that determined by the hysteresis loop so that it is tangential to the f

a
p force obtained. The force is then increased again-until it exceeds the value obtarijned

out

ne is
b the
and
ated

he of
brece-

rve. The point where this line crosses the abscissa is the corrected origin of the force-extepsion

curve (see Figure 6).

Care should be taken to ensure that-the hysteresis is performed after the final proof strength has
passed, butjat as low an extensjen.ds possible, as performing it at excessive extensions will have an
adverse eff¢ct on the slope obtained.

If not specified in product’standards or agreed by the customer, it is inappropriate to determine groof
strength during and after-discontinuous yielding.

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

NOTE Ahothreravattablemrethod-tsdescribed i 6B/t 22842

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
stress of 750 MPa was applied to the test piece and the resulting permanent set was less than or equal to 0,5 %.

16 Petermination of the percentage yield point extension

For materials that exhibit discontinuous yielding, A, is determined from the force-extension curve
by spibtracting the extension at R,y from the extension at the start of uniform work-harflening. The
extepsion at the start of uniform work-hardening is defined by the interséction of a horfizontal line
through the last local minimum point, or a regression line through the range of yieldipg, prior to
unifprm work-hardening and a line corresponding to the highest slope'ef the curve occufring at the
start of uniform work-hardening (see Figure 7). It is expressed as¢a‘percentage of the extensometer
gauge length, L.

The method used [see Figure 7 a) or b)] should be documentedin' the test report.

17 Petermination of the percentage plastic extension at maximum force

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

Calcplate the percentage plastic extension at maximum force, 4, from Formula (3):

AL, R
Ag = o1 1100 3)
Le Mg
whefe
AL, isthe extensjon.at maximum force;
.. is the extensometer gauge length;
R, is th&tensile strength;

mp «is.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 extensionfat maximum
forceTs the extension at the mid-polnt of the plateau (see Figure 1J.

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, isthe 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 e

xtension at the mid-point of the plateau (see Figure 1).

19 Determination of the percentage total extension at fracture

The methocll consists of determining the extension at fracture on the force-extension curve obtalined

with an extgnsometer.
Calculate tHe percentage total elongation at fracture, 4;, from Formula (5):
AL
A, =—f£-.100 (5)
L]
where
AL is the extension at fracture;
L, 1isthe extensometer gauge length.
20 Determination of percentage elongation after fracture
20.1 Perceptage elongation after fracture shall be detéermined in accordance with the definition given
in 3.4.2.
For this purfpose, the broken pieces of the test.piece shall be carefully fitted back together so that their
axes lie in a|straight line.
Special pre¢autions shall be taken to efisure proper contact between the broken parts of the test piece
when measpring the final gauge length. This is particularly important for test pieces of small cross-
section and|test pieces having low elongation values.
Calculate tHe percentage elongation after fracture, 4, from Formula (6):
L,+L
A=—"1"2.100 (6)
D
where
Lu iS ,llU fillcl} SCUJSC }Cllst}l aft61 fl Clbtul <,
L, isthe original gauge length.
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
percentage elongation after fracture for a given gauge length, the extensometer gauge length should be

equa

20.3
leng
ISO

NOT
lengf

21

Perc

If nefcessary, the broken pieces of the test piece shall be carefully fitted back together so th3
lie in} a straight line.

For found test pieces, the measurements at the mintmum reduced section should be made i
90° to each other and the average used for the calculation of Z.

Carg should be taken to ensure that the fracture surfaces are not displaced when making th

Calc

whe

Itis

Mea
cros

1 to this length.

If elongation is measured over a given fixed length, it can be converted to proport]

P566-1 and ISO 2566-2).

) Comparisons of percentage elongation are possible only when the gauge‘léngth or extensg
h, the shape, and cross-sectional area are the same or when the coefficient'of proportionality, k

Determination of percentage reduction of area

entage reduction of area shall be determined in accordance with the definition given inj

1late the percentage reduction of area, Z, from Formula (7):

Z:M_loo
S

[0}

e

b, is the original’'cross-sectional area of the parallel length;

(0]

5 is thesminimum cross-sectional area after fracture.

u

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

ional gauge

th, using conversion formulae or tables as agreed before the commencement of testing (e.g. as in

meter gauge
is the same.

3.8.

t their axes

| 2 planes at

e readings.

(7)

with other

suring S, with an accuracy of +2 % on small diameter round test pieces, or test pieceg

s-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)

b)
‘)

reference to this document, extended with the test condition information specified in 10.3.4, e.g.

ISO 6892-1:2019 A224;
identification of the test piece;

specified material, if known;

© IS0 2019 - All rights reserved
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location and direction of sampling of test pieces, if known;

recommended methods and values given in 10.3.2 and 10.3.3;

d) type of test piece;
e)

f)

g) testresults:

testing control mode(s) and testing rate(s) or testing rate range(s) (see 10.3.1) if different from the

results should be rounded (according to ISO 80000-1) to the following precisions or better, if

not otherwise specified in product standards: strength values, in megapascals, to the nearest

wh

le number;

pe]

all

peq

23 Measurement uncertainty

23.1 Gense

Measuremse
measured 1|

Product stg
ISO 6892 h
to apply fui
compliant.
information

23.2 Test

The test cd
uncertainti

23.3 Test

The estimated measurement’ uncertainties shall not be combined with measured results to as

conformang

For conside
uncertainty
group of stg

bther percentage extension and elongation values to the nearest 0,5 %;

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

centage reduction of area, Z, to the nearest 1 %.

ral

nt uncertainty analysis is useful for identifying mdjor sources of inconsistencig
psults.

hve an inherent contribution from measurement uncertainty. It is therefore inapprop
ther adjustments for measurement uncertainty and thereby risk failing product whi
For this reason, the estimates of uncertainty derived by following this procedure ar
only.

conditions

nditions and limits definedVin this document shall not be adjusted to take accoui
bs of measurement.

results

e to productspécifications.

Fation of uncertainty, see Annexes K and L, which provide guidance for the determinati
relatedto metrological parameters and values obtained from the interlaboratory tests
els and aluminium alloys.

s of

ndards and material property databases based-ofi this document and earlier editiops of

riate
ch is
b for

1t of

Sess

bn of
ona
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Ae

A

A percentage elongation after fracture [determined fromthe extensometer signal or directly from the test piece
[see 20.1)]

bercentage plastic extension at maximum force

Ag

Ay, percentage total extension at maximum foreé
A, percentage total extension at fracture

e  percentage extension

mg plope of the elastic part of the stress-percentage extension curve
R ptress
R, fensile strength

Ae plateau extent (for determination ong, see Clause 17, for determination of A, see Clause 18)

gv

Figure 1 — Definitions of extension
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R R A
> J >
0 e 0 e
a) b)
RA R
2| 3
o a4
0 e 0 e

Key
e  percentjge extension
R stress
R,y upper yield strength
R, loweryipeld strength
2 Initial trpnsient effect,

Figure 2 — Examples of upper and lower yield strengths for different types of curve
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0| e
Key
e  percentage extension
e, fpecified percentage plastic extension
R  tress
R, proof strength, plastic extension
Figure 3 — Proof strength, plastic.extension, R, (see 13.1)
R A
59
0 o e
Key
e  percentage extension
e, PETCeItage totat exterrsion

R  stress
Rt proof strength, total extension

Figure 4 — Proof strength, total extension, R,
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RA
S
3
0 . e
Key
e  percentjge elongation or percentage extension
e. percentdge permanent set extension or elongation
R  stress
R. specified permanent set strength
Figure 5 — Permanent set strength, R,
R
Y
mD-
/
0 e
eP
Key
e  percentage extension
e, specifiedl percentage plastic extension
R  stress
R, proof strehgth, plastic extension

Figure 6 — Proof strength, plastic extension, R, alternative procedure (see 13.1)
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RA RA
C
oy
A.
R L a
= =<
0 e 0 e
a) Horizontal line method b) Regression method
Key
A. percentage yield point extension
e  percentage extension
Stress
R,y ppper yield strength
a Horizontal line through the last local minimum point, prior to uniform work-hardening.
b Regression line through the range of yielding, ptio¥ to uniform work-hardening.
¢ Line corresponding to the highest slope of theycurve occurring at the start of uniform work-hardening.

Figure 7 — Different evaluation methods for percentage yield point extension
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R A R
‘ A
A — ™
g - z
< < a5 Df
> / =
0 e 0 e
a) ReH < Rm b) ReH > Rm
R A
5
0 e
c) Special case of stress-percentage extension behaviour?
Key
e  percentjge extension
R stress
R,y upper yield strength
R, tensile strength

a

For materialsswhich display this behaviour, no tensile strength is defined according to this documept. If

necessa

y, separate agreements can be made between the parties concerned.

Figure 8 — Different types of stress-extension curve for determination of tensile strength, R,
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e R e
102 | 102
Y%
| | 10° =
I |
I
3
10 |- | | | 10 |-
| | |
l | | 10° -
| T
% 2° 2
o N
|
10* - | : I 104 \
i A A 1
| | | 10! \
| | |
| | | =
A | ]
5 | 6
. | I X | | |
Wwe /0. 4 N |, 16 | | |
N — { ]
(U .
I I | 10 } | | l
Ry | R, | R, I t 7 } t 7 I 8 I 9 t
Rp | A I Agt;Ag | R | R | R.., | R |
R | laa | Ho S I B
e | Ao | R, | R, | R | A4, |
A R R R R
| I | 1 A | Z !
a) Method A b) Method B
Key
¢ strain rate, in s-1 5 control mode: extensometer control (Method A1 closed
I loop) or crosshead control (Method A2 open loop)
R Stress rate, in MPa s71
t time 6 control mode: crosshead control (Method A2 open
loop)
1 7 elastic range of the test

rdnge 1: e = 0,000-075~1, with a relative
tdlerance of +20°% 8 plastic range for the determination of R, | Ry, Ry, A,

9 maximum strain rate for the determinatign of R, A
Ag, A A Z

rgnge 2: e £0/000 25 s~1, with a relative gv

tdlerance-:0f££20 %

rgnge 3: e =0,002 s-1, with a relative # Recommended.

tdlerance of +20 %

4 b Expanded range to lower rates, if testing machine is

range 4: e =0,006 7 s~1, with a relative . . .
tolerance of £20 % (0,4 min-1 not capable of measuring or controlling the strain rate
’ f (see 10.3.3.2.5).

with a relative tolerance of +20 %)

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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[« N |

Key
e  percentjge extension

stress
a False values, resulting from an abrupt strain rate increase.

b Stress-sfrain behaviour, if strain rate is abruptly increased.

NOTE For parameter definitions, see Table 1.

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

28 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=17f9e3101600341a47375958861dfee0

ISO 6892-1:2019(E)

a,

Key

g} o =]

=]

=

(=}

HU)F”P‘D‘PG‘Q

NOT

<
— A

L,
L
L

a) Before testing

i ) __J
L,
b) After testing

briginal thickness of a flat test piece or wall thickness of a tube
briginal width of the parallel length of a flat test piece

barallel length

briginal gauge length

fotal length of test piece

final gauge length after fracture

briginal cross-sectional area of the parallel length

bripped ends

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

%7

Figure 11 — Machined test pieces of rectangular cross-section (see Annexes B a

nd D)

© IS0 2019 - All rights reserved

29


https://standardsiso.com/api/?name=17f9e3101600341a47375958861dfee0

ISO 6892-1:2019(E)

e

Key
L
S

(o]

o, originaljgauge length

original [cross-sectional area

Figure[12 — Test pieces comprising an unmachined portion of the product (see Annex C]
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Key

Qu

=]

[ (=}

=

L ”n o~ o~

NOT

ISO 6892-1:2019(E)

b) After testing

briginal diameter of the parallel length of a circular test piece
barallel length

briginal gauge length

fotal length of test piece

final gauge length after fracture

briginal cross-sectional area of the parallel length

minimum cross-sectional area‘after fracture

T

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

Figurel3 — Machined test pieces of round cross-section (see Annex D)
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L

a,
/

AN )
L~

Do 1

a) Before testing

b) After testing
Key
a, originaljwall thickness of a tube
D, original fexternal diameter of a tube
L, originaljgauge length
L, total length of test piece
L, final gayge length after fracture
S, original[cross-sectional area of the parallel length
S, minimum cross-sectional area after-fracture
1 gripped|ends

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

[e) (=} (=}

o

o =

=

HMMP"_’P‘FPG‘D

NOT

S, 1
a, /
<
L,
L.
L
a) Before testing
Sy
—— — P —
L )
L,
b) After:testing

briginal wall thickness of a tube

briginal average width of the longitudinal'strip taken from a tube
parallel length

briginal gauge length

fotal length of test piece

final gauge length after fracture

briginal cross-sectional\area of the parallel length

minimum cross-sectienal area after fracture

bripped ends

T

) Theshape 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

A.1 General

This annex|contains additional recommendations for the determination of mechanical propertigs by
using a computer-controlled tensile testing machine. In particular, it provides the recomimendations
that should|be taken into account in the software and testing conditions.

These recommendations are related to the design, the software of the machine-and its validation| and
to the operdting conditions of the tensile test.

A.2 Tendile testing machine

A.2.1 Design

The machine should be designed in order to provide outputs giving analogue signals untreated by the
software. Iffsuch outputs are not provided, the machine manufacturer should give raw digital data with
information} on how these raw digital data have been obtained and treated by the software. They shiould
be given in basic SI units relating to the force, the extension, the crosshead separation, the time, andl the
test piece d|mensions. An example of the format of suitable data files is given in Figure A.1.
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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™
"Data row for start force reduction (Hysteresis) = Hs"
"Data row for end force reduction (Hysteresis) = He"
"Data row for swtich to crosshead = Cs"
"File length N data rows"
"File width M data columns™

>"ao";0.711;"rnm"

"bo™;19.93; "mm"
"So";14.17; "mm2"
"Le";80.00; "mm"
"Lc";120.00; "mm"
Eg "N";2912

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

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

.40;0.0012;0.0000;0.12694
.42;0.0016;0.0000;0.12992
.44;0.,0020;0.0001;0.13334
.46;0.0024;0.0002;0.13699
.48;0.00259;0.0008%.0.14114
.50;0.0035;0.0004;0.14620
.52;0.0041;0,0006;0.15124
.54;0.0047;0+0007;0.15669
.56;0,.005470.0008;0.16247
.58;0\B060;0.0009;0.16794
.60;020067;0.0012;0.17370
.82;0.0074;0.0013;0.17980
2\64;0.0082;0.0014;0.18628

oo ooocOoOCcCocoOocoocoo

Key

A header

B  fest parametersand sample dimensions
C fata

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)
ReH q
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where

ReH

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

is the upper yield strength, in megapascals;

machine (according to ISO 7500-1).

is the relative force measurement accuracy error, expressed as a percentage, of the testing

The choice
during the {
and the req

If method H
Formula (A

Jrnin :'?

where R is

A.3 Dete

f R i Formuta A tsduetothefact that it correspondstoatranstent character
est. If the material tested has no yield phenomena, the proof strength R, , should,be
llired minimum sampling frequency can be halved.

(stress rate based) is used, the minimum sampling frequency should be calculated u

2):
R

eH "4

-100

the stress rate, in megapascals per second.

rmination of the mechanical properties

A.3.1 General

The followi

A.3.2 Upj

R,y (3.10.2.
a reduction
the previou

A.3.3 Prg

R, (3.10.3) ;

A.3.4 Per

Ay, (see 3.6
maximum f]

For some 1

hg requirements should be taken into account by the software of the machine.

per yield strength

) should be considered as the streéss corresponding to the highest value of the force pri
of at least 0,5 % of the force, and-followed by a region in which the force should not ex
5 maximum over a strain range not less than 0,05 %.

of strength at plastic.extension and proof strength at total extension

ind R, (3.10.4) can\b@determined by interpolation between adjacent points on the curv

centage totalextension at maximum force

4 and Figure 1) should be considered as the total extension corresponding to the stra
brece.

istic
sed

sing

A.2)

Or to
ceed

1%

in at

haterials, it is necessary to smooth the stress-strain curve in which case a polynomial

regression

s recommended. The smoothing range may have an intluence on the result. The smoo

thed

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.

36

© ISO 2019 - All rights res

erved


https://standardsiso.com/api/?name=17f9e3101600341a47375958861dfee0

ISO 6892-1:2019(E)

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).

An ipcreased sampling Tate amd/or fittering of the force sigmat may inftuence tirepoimnt) of fracture
detefmined according to this method.
Another useful method for detecting the fracture of the test piece is to monitor the veltage or electric
current through the test piece, when the values measured just before the current is interrupted are
taken as those at fracture.
\ £
F ke
<
F -0
A
\ )
=
<
A
et .
0 _ t
<5
Key
F force a  Fracture.
F, maximum force o  data point
Fo force at measuring pointn + 1 Criteria for fracture
AF, I, force difference between measuring |AF,4q 4| > 5|AF, ,_4| and/or
pointnand n - 1 F,.1<0,02F,
AF,,|, forcedifference between measuring
peintn + 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)
b) the for

the length of the sliding segment (number of points used);

ula chosen as reference to define the c]npp ofthe curve

NOTE

[a—

fithe straight portion of the force extension curve is not clearly defined, refer to 13.1.

The slope o
conditions :

[ the curve in the elastic range corresponds to the mean slope in a range whererthe folloy
ire fulfilled:

wing

— the slope of the sliding segment is constant;

the selgcted range is representative.

In any case, er to

eliminate u

itis recommended that pertinent limits for the range can be selécted by the user in ord
hrepresentative values of the slope of the curve in the elastictange.

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

2

S

Arecomme

nded method to determine the slope of the elastic lipe for evaluation of R, , (Reference
is given bel

DW.

linear rjegression of the linear range;
lower ljmit: ~10 % of R, »;
upper ljmit: ~40 % of R, »;

to get njore exact data for R, ,, the elastic line should be checked and if necessary recalculated with

other limits.

A.4 Valig

The efficie

Jation of the software for determination of the tensile properties

hcy of the methods used by the testing system to determine the various matgrial

characteris
examinatio
machine tra
bandwidth,

Lics may be checked by comparison with results determined in the traditional manng
h/calculation-from plots of analogue or digital data. Data which are derived directly fron
nsducers.or amplifiers should be collected and processed using equipment with frequ
samplihg frequency, and uncertainty of at least equal to those used to provide the mag

r by
h the
ENncy
hine

computer-cpleulated results.

Confidence may be placed in the accuracy of the machine computer processing if differences in
arithmetic means between computer-determined values and those determined manually on the same
test piece are small. For the purposes of assessing the acceptability of such differences, five similar
test pieces should be tested and the average difference for each relevant property should lie within the
limits shown in Table A.1.

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

given in References [21] and [22].

details are

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

derived results

1 n
s = rpzl(Dl—D)z .

e

is the difference between the result of manual evaluation, H;, &ad'the result of computer evaluation, R;, f
H;=R);

is the number of identical test pieces from one sample (=5);

['he highest of the relative and absolute values should’be taken into account.

Da sb
Parameter - -
Relative® Absolute¢ Relativec Absolute¢
Ryo,2 <0,5% 2 MPa <0,35% 2 MPa
Ry <0,5% 2 MPa <0,35% 2|MPa
Ry <1% 4 MPa <0,35% 2|MPa
R.. <0,5% 2 MPa <0,35 % 2|MPa
R, <0,5% 2 MPa <0,35% 2|MPa
A — 2% — 42 %
n
a D=% ZDi :

r a test piece

A5

Comjputer Compatible Representation of Standards Computer readable data formats devel
the gcope of the CEN/WS ELSSI<EMD offer an effective means to overcome systems inte
issu¢s and enable electronic reperting in the engineering materials sector. The findings of CEN
EMI, which aimed to establishthe viability of defining data formats based on documentar
for thechanical testing, are, reported in CWA 16200[42]. The guidelines that CWA 16200 d
defining computer readable data formats based on a documentary testing standard have bee
ISO $892-1. The resulting definitions are available from the BSI Standards Resources server.

Computer compatible representation of standards

To demonstrate potential usage, CWA 16200 includes examples of the reporting capability
fornjats based on a tensile test carried out using a test piece manufactured from the Tens
Refefrence Material CRM 661 (INGELBRECHT and LOVEDAY 2000[22]) carried out as
TENSTAND Project (RIDES and LORD, 2005[21]).

ped within
roperability
/WS ELSSI-
y Standards
bscribes for
n applied to

for the data
le Certified
part of the
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Annex B
(normative)

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

and flats between 0,1 mm and 3 mm thick

B.1 Genc

For product

B.2 Shap

Generally, t
L, shall be
width of the

By agreemg
products of}
product.

B.3 Dim
Three diffe
The paralle
In case of d

For paralle
standard, t
length betw

When meas

For test pie
shall be cal

The noming
on shape gi

bral

s of less than 0,5 mm thickness, special precautions can be necessary.
e of the test piece

connected to the ends by means of transition curves with a radius’of at least 20 mm,
se ends should be 21,2b,, where b, is the original width.

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

ensions of the test piece

‘ent non-proportional test piece geometries are widely used (see Table B.1).
length shall not be less than L + b /2.

spute, the length L + 2b, should be used, unless there is insufficient material.

side test pieces less than:20 mm wide, and unless otherwise specified in the pro
ne original gauge length;'Lg, shall be equal to 50 mm. For this type of test piece, the
een the grips shall be.equal to L, + 3b,,

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

Ces where the width is the same as that of the product, the original cross-sectional are
ulated on the basis of the measured dimensions of the test piece.

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

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

The

. For

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

duct
free

pply.
h, S

Yo

1 widthoof the test piece may be used, provided that the machining tolerances and tolerances

iece

before the

eSt.
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Table B.1 — Dimensions of test pieces

1:2019(E)

Dimensions in millimetres

Test piece Width Original gauge Parallel length Free length between the grips
type length for parallel sided
b, L. .
L test piece
0 Minimum | Recommend-
ed
1 12,51 50 57 75 87,5
2 201 80 90 120 140
3 25 + 1 cQa 60a J— Not defin d
a  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.*Aq a result, the
properties, especially the elongation after fracture (absolute value and scatter range), measured with this tg¢st piece, will
be dffferent from the other test piece types.

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

Dimensions_and tolerances i

h millimetres

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

cros

[hese tolerances are applicable if the nominal width of the test.piece is to be used in the calculation o

5-sectional area, S, without having to measure the width of each'test piece.

Maximum deviation between the measurements of the width.along the entire parallel length, L, of the te

f the original

bt piece.

B.4

The
been
The;
shoy

The

prog
wor]

For
into
of st
dimg

The

Preparation of test pieces

test pieces shall be prepared so as not.to affect the properties of the sample. Any areas
hardened by shearing or punching) if it affects the properties, shall be removed by

Id not be removed.

preparation of these test-pieces by punching can result in significant changes to t
erties, especially the-yield/proof strength (due to work-hardening). Materials which
t-hardening should; generally, be prepared by milling, grinding, etc.

Fery thin materials, it is recommended that strips of identical widths should be cut ang
a bundle withintermediate layers of a paper which is resistant to the cutting oil. Each s
rips should then be assembled with a thicker strip on each side, before machining
ensions-of the test piece.

which have
machining.

e test pieces are predominantly_prepared from sheet or strip. If possible, the as-rolled surfaces

he material
exhibit high

| assembled
mall bundle
to the final

tolerance glven in Table B.2, e.g. +0 05 mm for a nommal width of 12,5 mm, means

piec

sectlonal area, S is to be mcluded in the calculatlon w1thout havmg to measure 1t

12,5mm + 0,05 mm = 12,55 mm
12,5mm - 0,05 mm = 12,45 mm

© IS0 2019 - All rights reserved
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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 cross-sectional area be determined with an accuracy of +1 % or better. For thin materials,

special me

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

C1
The

C.2

The
bety

If th
least

C3
If th

C4
Detd

For

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

The
knoy

whe

Shape of the test piece

Lest piece generally consists of an unmachined portion of the product (see Figurel12).
Dimensions of the test piece

yeen the grips of the machine shall be equal to at least L, + 3b, butaminimum of L + 2
50 mm may be used.

Preparation of test pieces

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

Determination of the original cross-sectional area
rmine S, to an accuracy of 1 % or.better.

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

original cross-sectionakdrea, S, in square millimetres, may be determined from th

vn length and its density using Formula (C.1):
1000-m
by =————
p-Le
e

n~.1s the mass, in grams, of the test piece;

original gauge length, L, shall be taken as 200 mm * 2 mm or 400 mm * 1 mm. The distance

mm.

e percentage elongation after fracture is not to be determined, a distance between the¢ grips of at

ed from the

¢ mass of a

(C.1)

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

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

© IS0 2019 - All rights reserved
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Annex D
(normative)

Types of test pieces to be used for sheets and flats of thickness
equal to or greater than 3 mm and wire, bars, and sections of
diameter or thickness equal to or greater than 4 mm

D.1 Shap

Usually, the
radii to the

Figure 13).
the followir

a) 0,75d,,
b) 12mm
Sections, b4

The cross-
another sh{

For test pie

In general,
than 3 mm.

D.2 Dim
D.2.1 Par
The paralle
a) L,+(d
b) L,+ 19
A L+ (b

e of the test piece

test piece is machined and the parallel length shall be connected by medn§ of trans
gripped ends which may be of any suitable shape for the grips of the testing machine
The minimum transition radius between the gripped ends and the parallel length sha

g:
where d is the diameter of the parallel length, for the cylindricaktest pieces;
for other test pieces.

rs, etc. may be tested unmachined, if required.

bection of the test piece may be circular, square, rectangular or, in special case
\pe.

Ces with a rectangular cross-section, the width to thickness ratio should not exceed 8:1

the diameter of the parallel length ofimachined cylindrical test pieces shall be not

ensions of the test piece

allel length of machined test piece

length, L, shall be-at least equal to:

c’

2) for cylindsical test pieces;

S, forproportional test pieces other than cylindrical test pieces;

2)4ornon-proportional test pieces (see Table D.2).

In case of dts

tion
(see
Il be

less

unless there is insufficient material.

D.2.2 Length of unmachined test piece

iece,

The free length between the grips of the machine shall be adequate for the gauge marks to be at least a

distance of

44

\JS, from the grips.
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D.2.3 Original gauge length

D.2.3.1 Proportional test pieces

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

area, S,, by Formula (D.1):

Ly=k\S, (D.1)

where k is equal to 5,65.

Alternatively, 11,3 may be used as the k value.

Test|pieces of circular cross-section should preferably have one set of dimensions givenin Table D.1.

Table D.1 — Circular cross-section test pieces

Coefficient of proportionality Diameter Original gauge length Minimum par4dllel length

k d L,=k\S, L,

mm mm mm

20 100 110

14 70 77

5,65

10 50 55

5 25 28

D.2.8.2 Non-proportional test pieces
Nontproportional test pieces may be used if specified by the product standard.

The [parallel length, L., should not be\ess than L, + b,/2. In case of dispute, the parpllel length
L.=L,+ 2b, shall be used unless thexe’is insufficient material.

Tablk D.2 gives details of some-typical test piece dimensions.

Table D.2 — Typical flat test piece dimensions

Dimensions ih millimetres

Width Original gauge Minimum parallel Approximately total
b, length length length
L, L. L,
40-+ 0,7 200 220 45(
25+0,7 200 212,5 45
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.
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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

10 mm

+ 0,03 mm = 10,03 mm
-0,03mm =997 mm

D.3.3 Tolerances on shape

The value ¢

iven in Table D.3 means that, for a test piece with a nominal diameter of 10 mmi-iy

satisfies the machining conditions given above, the deviation between the smallest and, laf

diameters 1

Consequent
exceed 9,99

heasured shall not exceed 0,04 mm.

ly, if the minimum diameter of this test piece is 9,99 mm, its maximum diameter shal
mm + 0,04 mm = 10,03 mm.

[able D.3 — Tolerances relating to the transverse dimensions‘f test pieces

Dimensionstand tolerances in millim

hich
gest

| not

etres

Designation

Nominal transverse

Machiningtelerance on

Tolerance ¢n

dimension the nominal dimension? shapeb
23
+0,02 0,03
<6
>6
Diameter ofmachined test pieces of +0,03 0,04
circular crogs-section and transverse <10
dimensions pf test pieces of rectangular >10
cross-section machined on all four sides 42 +0,05 0,04
<
>18
+0,10 0,05
<30
23
+0,02 0,03
<6
>6
+0,03 0,04
<10
Transverse flimensions oftest pieces of >10
rectangular|cross-sectign.machined on +0,05 0,06
only two opposite sides <18
>18
+0,10 0,12
<30
36
+0,15 0,15
<50

L, of the test

piece.

a  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,

46
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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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E.1 Shap

Annex E
(normative)

Types of test pieces to be used for tubes

e of the test piece

The test pig
and having
section mad

Machined t
tube wall t
longitudin

E.2 Dim

E.2.1 Len

The tube le
marks shal
material.

The length ¢f the plug projecting beyond the grips of thé,machine in the direction of the gauge marks

not exceed |}

E.2.2 Lor

The paralle
for gripping

Transverse
specified in

Special pre

E.2.3 Cir

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

ce consists either of a length of tube, or a longitudinal or transverse strip cut from the
the full thickness of the wall tube (see Figures 14 and 15), or of a test piece of circular cj
hined from the wall of the tube.

fansverse, longitudinal, and circular cross-section test pieces are described in Annex
ickness less than 3 mm, and in Annex D for thickness equal to or greater than 3 mm.
strip is generally used for tubes with a wall thickness of more than(0,56 mm.

ensions of the test piece

gth of tube

1gth may be plugged at both ends. The free length between each plug and the nearest g
be greater than D /4. In case of dispute, the value, D, shall be used, if there is suffi

D, and its shape shall be such that it doeshot interfere with deformation of the gauge len

igitudinal or transverse strip

| length, L, of the longitudinal strips shall not be flattened but the heads may be flatt
in the testing machine.

or longitudinal testpiece dimensions other than those given in Annexes B and D ca
the product standard:

autions shall beytaken when straightening the transverse test pieces.

cular cross-section test piece machined in tube wall

tube
'0SS-

B for
The

huge
rient

shall
oth.

bned

n be

E.3 Determination of the original cross-sectional area

S, for the te

st 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):

SO

~1000m

p Lt

48
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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.

1:2019(E)

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

whe

The
and

For length of tube, the original cross-sée¢tional area, S,, shall be calculated from Formula (E

N

2
b D b b 1/2 D -2a b
b =—°(D§ - b: ]1/2 +—=arcsin| — ——°|:(DU -2a, )2 —bfjl - = 2 arcsin .
4 4 D, 4 2 D —-2a
o o

e
b, is the average width of the strip;
D, is the external diameter of the tube;
1, is the thickness of the tube wall.
simplified Formula (E.3) can be used for longitudinal test pieces where the ratio bet
bxternal tube diameter falls below set limits:

b2 b
5o =aoby | 1+ ° if —%<0,25

6D, (D, —2a,) D,
b,

5, =a,b, ift,. —<0,10

(o]

b, = 1a, (D, - a,)
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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]

etc.) during
the deflecti
(e Ryo.)
test piece d
correction.

) 2

the application of force to the test piece. It is possible to estimate a compensatio
pn of the testing equipment by using the stiffness of the test piece at the point.6fjint
f the point of interest is beyond the elastic range (e.g. R ,), the use of the stiffness o
uring the elastic portion of the stress strain curve will result in a grossly,everestiml
The stiffness of the testing equipment shall also be known for the grip-¢onfiguration

grip separation used. For some configurations, the effective stiffness of the testing equipment

increase su
of the testin

If desired,
the deflecti
point of int
check the r
has been dg

bstantially as the grips bite into the test piece during a test. It is impefrative that the stiff]
g equipment be evaluated at the point of interest.

se the following procedure to calculate a crosshead separation‘rate that is compensate

erest and the slope of the stress-strain curve at the point of interest. It is recommendg
esulting strain rate at the point of interest while doing-a test to ensure that the calculd
ne appropriately.

The estimalfted strain rate, in reciprocal seconds, during ‘a‘test at the point of interest is give

ips,
for
rest
the
ated
and
may
ness

d for

bn of the testing equipment during a test, using the stiffness,of the testing equipment af the

dto
ition

h by

Formula (F[l) (see Reference [39]):
. Ve
e =—"FT—"" F1
——+L,
¢
M
where
v. isthe crosshead separatiof rate, in millimetres per second;
m s the slope, in megapaseals, of the stress-percentage extension curve at a given moment gf
the test (e.g. around-the point of interest such as R, ,);
S, s the origina] éross-section area, in square millimetres;
Cy 1s the stiffness, in newtons per millimetre, of the testing equipment (around the point of ipter-
estsuchias R, ,, if stiffness is not linear, e.g. when using wedge grips);
Lc is the pnrnﬂpl ]Pngfh, in millimetres ofthe 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]):

vC:ém[ +LC]

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;.

m-S0
Cym

(F.2)
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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 qU
Ve
em
This| procedure should only be used for materials with no discontinuous yielding behaviour in the

releyant range. For testing materials which exhibits discontinuous or serrated-yielding, the
of thle stiffness is not necessary because the estimated strain rate over the payallel length, |e

simplified Formula (2) (see 10.3.2.1) instead of Formula (F.2) should be(used for the calcul
crosphead separation rate v,.

L
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Annex G
(normative)

Determination of the modulus of elasticity of metallic materials

using a uniaxial tensile test

G.1 BacKkground

Although 10 6892-1 requires the generation of a straight line with a given offset paralle] tolthe li

region of t

being teste
curve corré
elasticity, E

required fo(r

elastic regi

It is not red
extension c

An addition
ASTME 111

G.2 Geng

This annex
uniaxial ten

— negligille creep effects of the material in‘the evaluation range;

sufficie

These requ
of the test.

The modulys of elasticityis-a characteristic material property and is used for the calculation o

elasticity of

NOTE T
extensomete

stress-strain curve in order to determine the specified proof strength, R, of the mat
1, most users usually assume that the slope of the linear elastic region of thé stress-sf
sponds to the modulus of elasticity of the material being tested sin¢eé the moduly
is given by the relationship E = stress/strain. However, in general, the\Class 1 extenson
the tensile test is not sufficiently accurate for measuring the very small strains i
n with sufficient precision to give modulus values with an acceptable level of uncertair

uired to use this annex to determine the slope of the elasti€ part of the stress-percen
irve for the determination of proof strength.

al description of the determination of the modulus ofelasticity by tensile testing is giv
[52], For information, see also SEP 1235[43],

bral

contains additional requirements for the’determination of the modulus of elasticity us
sile test. This test method is limitedto materials which meet the following criteria:

nt straight line in the elastic\range of the material in the evaluation range.

rements are related to.the design of the testing equipment, the test piece and the evalu3

products arid-eomponents conforming to Hooke's Law.

Upically, this test is performed as a separate test from the tensile test because of the limitation g
r displacement.

near
erial
rain
Is of
eter

the

1ty.
tage

bn in

nga

ition

[ the

fthe

G.3 Test

Ing 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

All measuring devices used for the determination of the original cross-sectional area shallbp calibrated
to thie appropriate standards with traceability to a national measurement system. The measyring device
shal] be able to guarantee an accuracy of the measured data of better than +0,5 % of the;measured value.

G.3.2 Method of gripping and alignment

The [method of gripping and the alignment are important for the determination of the [modulus of
elasticity. For requirements regarding the method of gripping, see 10.2,.and for further information,
see ASTM E1012. Additional helpful information may be in ISO 23788

It is|[recommended to use mechanical devices (e.g. stoppers) td position the test piece sp that good
alignment is achieved.

G.4| Test pieces

G.4./l General

The fest pieces shall be straight.

NOTE Bent or twisted test pieces cannot/be tested according to this annex.

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

Whdre residual stresses are pfesent in the sample, as a result of either prior processing or sample
pregaration, the modulus values determined are sometimes not representative of the base naterial.

G.42 Determination-ef original cross-sectional area

For the determination©f the original cross-sectional area, see Clause 7. In addition to the reqyirements in
Clause 7, a minimum of three measurements for each dimension shall be performed. The original cross-
sectfonal area;.S,, is the average cross-sectional area and shall be calculated from the measfirements of
the gppropriate dimensions. The original cross-sectional area shall be determined with anlaccuracy of
+0,5|% or\better.

G.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 constant crosshead separation rate may be used to avoid any discontinuities.

G.5.3.2 Data sampling frequency

The data s3g
obtained in

mpling frequency shall be chosen in such a way that a minimum of 50 measured values is
the relevant range (R, R,).

The minimym data sampling frequency can be calculated by Formula (G.1):
N-E-e
f=— (G.1)
R, 1R,
where N is the number of measured values in the relevant range.
For steel with R, = 10 MPa and R, = 50 MPa and a testing rate of 0,000 07 s-1, the data sampling frequency

shall be grepter than 18 Hz.

G.5.3.3 T¢sting procedure

If the test piiece will be used more than one time for the modulus determination, the applied load $hall

not be greater than a value corresponding to 50 %-0f the expected Ry or R, ,.

Otherwise, n be

observed.

it is recommended to perform the-test up to a point where plastic deformation ca

G.6 Evalpation

G.6.1 Avdraging the exterisometry signals

The averagg
the strain fj

strain, necessapy for the calculation in G.6.2, is calculated for each stress value by averaging
om the opposite sides of the test piece.

Strain datal from<each side of the test piece may be displayed and differences in the slope of the
two curves| may \be reduced by optimizing the testing equipment (reducing of bending). For fuither
information, See’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
100%

b (G.2)

where

R s the stress in megapascals;

E is the modulus of elasticity in megapascals;

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

The [straight line determined in this way shall be drawn into the stress-strain, diagram, whereas the
initipl part of this diagram is magnified for this purpose. The match between-the straight line and the
curye shall be evaluated visually. It can be useful to consider the coefficient of determinatign RZ, which
shoyld be close to 1 (>0,999 5), whereby the number of considered data-points should be at Jeast 50.

Another helpful tool is the calculation of the relative standard deviation. The relative standard deviation
takefs into account the coefficient of determination R? and the punber of considered data pgints among
othelr statistical data. It should be less than 1 %.

By shifting the lower or upper values and re-calculating the formula accordingly, the line of{best fit (i.e.
the modulus of elasticity) can be adapted to the curve,

The following values are recommended as starting-points for the regression calculation:
— |ower stress value Ry: ~ 10 % of Ry or Ry %

— Ppper stress value R,: 40 % of Roy OF-R,, 5.

Add{tionally, the strain offset can be'calculated according to Formula (G.3):

-b

’((y:()) = E (GB)

Undeér optimal testingCegrnditions, the chosen default values will not have a great influ¢nce on the
resullt of the calculatiei. Example: if the material fulfils the general conditions described in|G.2 and the
determined default values Ry and R, are 10 % and 40 % of R,y or R, ,, respectively, a rercalculation
of the formula by‘using 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.

In cdsescwdiere the material exhibits no straight elastic line, e.g. cast iron, or the data for the regression
is nqt@f,sufficient quality, i.e. R? < 0,999 5, the modulus of elasticity should not be determingd.

Itis recommended to perform regular checks on the repeatability of the results using suitable reference
test pieces in the configuration used for testing.

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 is based on relatlve estimations. Therefore the relatlve estlmatlons normally will not change

Exception is

extensions during the testin the elastic part, the absolute uncertainty of the strain measurement is relevamt for

the uncertai

G.7.2 Est

G.7.2.1 G¢

NOTE 1
of the force-
(differing frd
part of the fd

[o—

ty contribution (according to ISO 9513).

mation of the measurement uncertainty according to CWA 15261-2

bneral

CWA 15261-2, the symbol L is used for the gauge length and my for\the slope of the elastic
extension curve. For conformation with this document and to prevent confusion in the follo
m CWA), the symbol L, is used for the extensometer gauge lengthrand S;; for the slope of the el
rce-extension curve.

The measugfement uncertainty according to CWA 15261-2 is given:by Formula (G.4):
2 2 2
L S SgL
uc(B)H, || =2 | u®(Sg)+| 25 | u®(Le)+| - Eze U (S,)
So So Ss
where
L, is the extensometer gauge length;
S, is the original cross-sectional area;
Sk is the slope of the forceyextension curve;
u(Sg) |is the uncertainty efislope of the force-extension curve;
u(L,) |is the uncertainty'of extensometer gauge length;
u(S,) |is the uncéptainty of original cross-sectional area.
G.7.2.2 Example-for the calculation of the measurement uncertainty
Table G.1 sHows the results of an qump]p for the measurement uncertainty ar‘r‘nrding ta CWA 152

part
wing
astic

(G.4)

for a measured modulus of elasticity of 186,7 GPal>4] based on the following data:

56

50 mm

78,5 mm?
293,07 kN/mm
0,144 mm
0,785 mm?

0,064 kN/mm

61-2
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Table G.1 — Uncertainty contribution, example 1 according to CWA 15261-2

Parameter Sensitivity coefficients? Uncertainty contribution?
L
= 0,637 mm-1
SO
u(Sg) 0,064 SN
mm
S
°E 3,733 k_N
So mm3
u(Le) 0,144 mm
SgL
- -2,378 k—N4
Ss mm
u(S,) 0,785 mm?
kN
u (E) b 1,9 5
mm
a  Values are given for information only.
b . (E) is calculated according to Formula (G.5).

JC(E)=\/O,6372 .0,064% +3,733%.0,144% +(~2,378)° 10,7857 =1,9GPa

(G.5)

For 4 95 % level of confidence, the combined uncertainty shall be multiplied by a coverage factor, k = 2

[see|Formula (G.6)].

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.6)

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

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

G.7.3 Estimationofthe measurement uncertainty according to Annex K

Tablk G.2 indicates-the uncertainty contribution that should be considered for the modulus pf elasticity

according to Annex K.
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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

Original cross-sectional area, S, 1

a  Values ajfe given for information only.
b S, consigts of S, and S, therefore S, and S, should be considered.

¢ Based or] the small extensions measured in the test, the absolute value (1,5 pm of a class 0,5 extensometer) has
used. Example: AR=200MPa, E =200 GPa, L, = 50 mm results in an extension of 0,05 mm. By using the bias érror of 1,
(absolute valjie of an 0,5 class extensometer), the uncertainty contribution is 3 %.

o be
b um

The combifed uncertainty for the modulus of elasticity, expressed as a percentage, is give

Formula (Gf7).

0,2 ’ 3 ’ 1 ’ 0,5 ’ 1 ’
u.(E)4 - +H—= |+ =+ =+ =] =1,9%
For a 95 %|level of confidence, the combined uncertainty shall be-multiplied by a coverage fung
k =2 [see Formula (G.8)].

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

The result df the test for the modulus of elasticity is:.(186,7 + 7,1) GPa (k = 2, 95 % confidence level].

h by

G.7)

tion,

G.8)

This meang that, with a confidence level of 95 96, the true value for the modulus of elasticity is i the

range betwgen 179,6 GPa and 193,8 GPa.

G.7.4 Prdficiency test

A proficiency test “Young’s Modulis” was performed and the measurement uncertainty fo

r all

participanty was determined. Anmeasurement uncertainty for the determination of the modulyis of

elasticity b¢tween 1,2 % and 5% (at 95 % confidence level) is appropriatel22,

G.8 Testfreport

The test report shall'contain the information required in Clause 22 a) to f). Furthermore, the folloj
information shall‘be included:

ving

a) type of eEXTeNSOMeter Systemny;

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

¢) 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)

or relative standard deviation Sy, ) (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 s ot the best method for determining reiiabie vatues of moduius of eigsticity, and
other alternative methods, e.g. impulse excitation or ultrasonics, are preferable. More infofmation can
be fqund in References [17] and [44] to [46].

G.1[1 Uncertainty and reproducibility

Full juncertainty budgets are not included here but procedures for estimating uncertainty Hased on the
GUM4] associated with modulus measurements have been developed dsypart of the Europelan UNCERT
projgect, both for tensile testing[4Z] and for dynamic measurements(42l,

Reprfoducibility of modulus measurements based on 2 times thestandard deviation (s) from a series of
tensjle test inter-comparison exercises, collated as part of the "PENSTAND Project, are sunpmarized in
Tablp G.3[45],

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

respectively
Reference Authors Year Material Reproducibility
(x25)
%
Testing Materials of Uhwin(50] 1910 Mild steel 2
Construction
VAMAS Lord, Roebuck 1995 SiC/Al MMC 6
and Orkney[51]
BCR Tensile Referénceé | Ingelbrecht and 2000 Nimonic 75 12
Material Lovedayl29]
CRM 661
TENSTAND WP3 Lord, Rides and 2005 Various 5-25
[49]
Modilus' Measurement Loveday
TENSTAND WP2 Lord, Loveday, 2005 Various - ASCII 1-6
ASCII Data Files Rides and l\glzcEn datafiles
teggartl22]

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.jlf 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 %

Precautiong
value is lesg

One of the 1

Prior to thg
pair of nee
After fractu
preferably

A second a
and the dis
suitable ins
applied to t

NOTE Al

1 1311 —l 1 : +1 - 1 L- £ £ - R
SIIUUIU DC LAdRCIT WIITIT ITICASUTTITE LT PCILCIILAgT ClUITgdULIUITN dILCT 11 dCLUTC 11 ULIIC SPEU

than 5 %.
ecommended methods is as follows.

test, a very small mark should be made close to each end of the parallel length. Usi
le-pointed dividers set at the gauge length, an arc is scribed with thé/mark as a ce
re, the broken test piece should be placed in a fixture and axial compressive force app

ified

ng a
htre.
lied,

by means of a screw, sufficient to firmly hold the pieces together-during measurement.

'c of the same radius should then be scribed from the original centre closest to frac
fance between the two scratches measured by means of a measuring microscope or g
trument. In order to render the fine scratches more easily yisible, a suitable dye film m4
he test piece before testing.

nother method is described in 20.2 (measuring extension.abfracture using an extensometer).

fure,
ther
y be

60
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Annex I
(informative)

Measurement of percentage elongation after fracture based

on subdivision of the original gauge length

bmmended)

5t piece and
ne distance

ermined as

Ixy, and the

(1.1)

I.1 | To avoid having to reject test pieces where the position of the fracture does not comply with the
conditions of 20.1, but where the complete necking occurs inside the gauge length, the following method
may|be used:
a) before the test, subdivide the original gauge length, L, into N equal lengths of|3 mm (rec

o 10 mm;
b) pfter the test, use the symbol X to denote the gauge mark on the shoérter part of the te

the symbol Y for the gauge mark on the longer part of the test piec@which is at the saj

from the fracture as mark X.
1.2 | If n is the number of intervals between X and Y, the glongation after fracture is def
follows.
a) [fN - nisan even number [see Figure 1.1 a)], measure the distance between X and Y,

istance from Y to the graduation mark Z, Iy, located at (N - n)/2 intervals beyond Y.

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

Ixy +2ly7 —L
h=xy Telyz =% 140
(o]

b) [fN-nisanoddnumber [see Figure I.1 b)], measure the distance between X and Y and t

from Y to the graduation matks Z' and Z", Iy, and Iy, located respectively at (N - n
[N -n+1)/2 intervals beyond Y.

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

L

[0}

he distance
-1)/2 and

(1.2)
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nu
nu
ga
ga
ga

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

i
T
-
T

n (N-n)/2

X Ly Y 1 vz Z

a) N - nis an even number

N
S o T
+ | | || || s
L |
n (N-n-1)/2
Lyy Lyy 1
Iyzi
|
X Y, YAVAS

b) N.—#'is an odd number

mber of intervals between ¥“and Y

mber of equal lengths

ge mark on the shaobvter part of the test piece
ge mark on thiglonger part of the test piece
ge marks
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