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Foreword

HIE

[SO (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 IS0, also take
part in the work. 1SO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

ISO(E Prbrifi b 40 2 — 4~ & EhrdE b VLI (IS0 B 5 HLF ) ZH hG ) A BRPEIG A 4
il [ B o 0 A E R h 1SO HART ST . W O B AR ZE G2 S o MUK
MR AV E A R EZE RS PIRIE. 5 1S0 (RFFEEE 1 [E Pral 2,
AARBUFALURAEBUF AL, 155X TE. 1S0 7EAFA B Thnefb 3 - 5
brr T2 R = (IEC)& VI & 1E.

The procedures used to develop this document and those intended for its further
maintenance are described in the ISO/IEC Directives, Part 1. In particular, the
different approval criteria needed for the different types of ISO documents should
be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

1] 7 A< S4B (6 F AR 7 DL R AR T Hodk— D 4E4P RFE 7 75 1SO/IEC 3 IES 1
R iR . JCH TR 1SO ARZER AR R F 1A Rt bR . A SRR AR
15 1SO/1EC T | 2% 2 845 %) 4 45 R U ke 52 1) (. wwwe.iso.org/directives) .

Attention is drawn to the possibility that some of the elements of this document may
be the subject of patent rights. ISO shall not be held responsible for identifying any
or all such patent rights. Details of any patent rights identified during the
development of the document will be in the Introduction and/or on the ISO list of
patent declarations received (see www.iso.org/patents).

HEE, AP E R R TR 1S0 A 51 iR R A IS T4
Ble TECAFH] e L B b A BT AT SRR ST R AE S 5 A1 /BRSO Y3 i & A
75 B #1221 H (W www.iso.org/patents).

Any trade name used in this document is information given for the convenience of
users and does not constitute an endorsement.

A A AR AT T AR DO T R P 3R BE 2, ARG TT .

For an explanation of the voluntary nature of standards, the meaning of ISO specific
terms and expressions related to conformity assessment, as well as information



about ISO's adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see www.iso.org/ iso/foreword.html.

KEPrAER HIEYER . 1SO F RIEM S S RIFE RN IR IS 3 LLE IS0 £E
(S moRBE L hE) (TBT) P sF it 7 57 B AL (WTO) H I B fE &, i I

www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 164, Mechanical
testing of metals, Subcommittee SC 1, Uniaxial testing.

A3 1SO/TC 164 G B /A RERIE AR R R & SC1 A 7R R W
il o

This third edition cancels and replaces the second edition (ISO 6892-1:2016), of
which it constitutes a minor revision. The changes compared to the previous edition
are as follows:

7% 55 = RO FEBUAE 55 — AR (1SO 6892-1:2016), Z<fi A/MEEITH. 5 F—iRAf
LR 2RI

— correction of the title of a standard in Clause 2;
—— 5 2 R bR PR Y B IE

¢ correction of the designation "coefficient of determination" ("coefficient of
determination” instead of "coefficient of correlation");

—— “YERET (“coefficient of determination”, TdF “#H% £ %" “coefficient
of correlation™) A [t 5 1 ;

— correction of Formula (1);
— AN E E;

— wording in 10.3.2.1;
——10.3.2.1 PR

— wording in the key of Figure 9;

—— & 9 FRRR T B
— wording in Table B.2;
— B2 PHIE

— wording in Table D.3;
— % D.3 HHE

— correction of the references.



— BE LRI EIE.
A list of all parts in the [SO 6892 series can be found on the ISO website.
ISO 6892 H 4| FrA i M FI KA 7E 150 PG L3 F].

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

T A CAF A AR] Jiz 137 B8 7] R L H2 22 5 FH P i 6 [ ST B AL A X e 1) 5 B
FI|F A £ www.iso.org/members.htm] 3L F[.

Introduction

515

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.

FEE 150 6892 i FRrf 3 T UM A iR B0, Hs 7 AR A T PR e 2
R i e s

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 A is strongly recommended.

AP PR SE EE T R . B, R A, TR (O
FRBHME), BF, LB, ETRAEE. Fik A BERS BRI ERER
BRERPERSHREERNZL, HRERDRRE RN EAREE. i,
BT DR R AR A RUE A AR R, S PHERE A T A

NOTE In what follows, the designations "force" and "stress" or "extension”,
"percentage extension”, and "strain”, respectively, are used on various occasions (as
figure axis labels or in explanations for the determination of different properties).
However, for a general description or point on a curve, the designations "force" and
"stress"” or "extension”, "percentage extension", and "strain", respectively, can be
interchanged.

EAALLTARS, “H7 fCRA” 8RR o R YRR fIRE
I FEAN [F) 35 5 G F (0 PR TE A B St bR 35 BRAE 1 52 AS R 1 RE RO R ) . 28T, 3T
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ESupe I CIRYREE

Metallic materials — Tensile testing — Part 1: Method of test at
room temperature

EEME R 3 1 B ZRRE
1 Scope

1 {5

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

ACAFRUE T @A BRI T, R T AILE IR FIRE R P RE

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

T R A BF T X HEYE RIS PR — B
2 Normative references

2 FTE 5]

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

THN SRR SR R 51 AT S A sl A N B R A S R . XTI
A5 F SO, NS A RRRASER . S RER B IR 5 SCHF, 3| S B0
WA (B AR TR )IE H .

ISO 7500-1, Metallic materials — Calibration and verification of static uniaxial

testing machines — Part 1: Tension/compression testing machines — Verification
and calibration of the force-measuring system



SO 7500-1, & J@Fhkl i A S hR LB ERSSIE 38 1 3R h / E 48 R 5e A1
W 7 7 G )50 e AR

[SO 9513, Metallic materials - Calibration of extensometer systems used in uniaxial
testing

IS0 9513, &@ME——hhilie 5 it RE I RHE

3 Terms and definitions

3 RiEME X
For the purposes of this document, the following terms and definitions apply.
MA SIS, EH LT ARIERE L.

[SO and IEC maintain terminological databases for use in standardization at the
following addresses:

ISO A1 1EC 7E LA I R b2 4 FT 1 bas A B A 185 0l e

— IS0 Online browsing platform: available at https://www.iso.org/obp
— ISO {E£E3) % °F /- 7] 7E https://www.iso.org/obp 3KEL

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

— IEC 7 {1 B4 5.1 £ http://www.electropedia.org/#HL

3.1

gauge length

PREEC R
L

length of the parallel portion of the test piece on which elongation is measured at
any moment during the test

I AT RE B R, RS R b AR AT 22, AR BRI R



3.1.1

original gauge length

JRIRPREE K

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

Lo 1538 AUAE SR T & AR LA (3. 1) bnic Z A B E

3.1.2
final gauge length after fracture
I 28 5 A B 2 bR B AT
Ly

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

fE=IR TGN E AR AE EARRE R (B0 PRC 2 MBI EE, R PERiatig /s
O R — R, [N T—REL L

3.2

parallel length

AT KE

Le
length of the parallel reduced section of the test piece
I A 1T 4 e B A B

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

FEER 1o TR TANREF, 474 B MR & 4 3R Sk 2 M) 1 BE 2 488 BT LA



unmachined test pieces.

AN T AR
3.3

elongation

{2

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

LEAR e I AT — B 2 A A R K R (3.1 ) 1 hn

3.4
percentage elongation
i H 7t

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

frK#R(3.3), LSRRG LDINE ST

3.4. 1
percentage permanent elongation

KA B ot

increase in the original gauge length (3.1.1) of a test piece after removal of a
specified stress, expressed as a percentage of the original gauge length (3.1.1)

LHBRMEN )G, WA RGAREACRE (3. L) NS, LUEGEHFREREB.1.1)ME
kR



3.4.2

percentage elongation after fracture

MR e K E L
A

permanent elongation (3.3) of the gauge length after fracture (L, — L,) , expressed
as a percentage of the original gauge length (3.1.1)

W25 ((Ly — Lo) VEREEREERIR A E(3.3), LARMHPREEREE(3.1.1) M Fi 47 b
ESZN
Note 1 to entry: For further information, see [8.1.
KHER LUTEZEL, HER[B.1.
3.5
extensometer gauge length
SHERTHR R
Le
initial gauge length of the extensometer used for measurement of extension (3.6)
FH -0 B A< (3.6) Y 51 i T b b e <

Note 1 to entry: For the determination of several properties which are based (partly
or complete) on extension, e. g Ry, A or Ag, the use of an extensometer is

mandatory.

o HIERE LR F 8023 BE 2 TR AE 19 LR PERE,  BIAN Ry, Ae BR Ay , A
5

Note 2 to entry: For further information, see [8,3.

FHER 2MFELHER, HSUIB3,



3.6

extension

(GRS

increase in the extensometer gauge length (3.5), at any moment during the test

E ST R P A — i 2 5 AREE R (3.5) g n &
3.6.1

percentage extension

K E

strain e extension (3.6) expressed as a percentage of the extensometer gauge length
(3.5) Note 1 to entry: e is commonly called engineering strain.

W% e 4% (3.6), LAGHFiREKE (35 E TR FHERE e RN
TN,

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

AR E 2t MRS AF B LR ER /1(3.10))5, S TTHAREECRE (3.5) K3
s, CASHRTHRIEC R E o5 L #ow

3.6.3 percentage yield point extension

3.6.3 BEfRAHKET A



<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)

<AL JE MR EL> W86 JE AR B AR Y 200 Ttk 2 [ i #.(3.6), LG
FRIECE(3.5) M E ar bR

Note 1 to entry: See Figure 7.

FEHER1:LE 7.

3.6.4 percentage total extension at maximum force

3.6. 4B KN THIEMBKERSH
A g

total extension (3.6) (elastic extension plus plastic extension) at maximum force,
expressed as a percentage of the extensometer gauge length (3.5)

BN IT B EE.e) (K R B E), LASIH i RIE K (3.5 E
sreeRaR

Note 1 to entry: See Figure 1.
FEHER LI 1.

3.6.5

percentage plastic extension at maximum force

BAATHBRHKER

A plastic extension (3.6) at maximum force, expressed as a percentage of the
extensometer gauge length (3.5) Note 1 to entry: See Figure 1.

Ag BRI T IBEMK2(3.6), LASIEHREEKEE(3.5)ME 4 Lh &R & BiER 1
L 1.



3.6.6 percentage total extension at fracture

3.6.6 WTELAT ) BB R T 9 H
A,

total extension (3.6) (elastic extension plus plastic extension) at the moment of
fracture, expressed as a percentage of the extensometer gauge length (3.5) Note 1 to
entry: See Figure 1. 3.7 testing rate rate (resp. rates) used during the test 3.7.1 strain
rate é; increase of strain, measured with an extensometer, in extensometer gauge
length (3.5), per time 3.7.2

I 22 ek 1] R S 3 (3.6) (R M S S N BB M AR 3),  DASI T AREEARE (3.5) M &
srtbFeon R HERE LA 1. 3.7 SR E R UG R (] A E = (e 2V ER) 3.7.1
REAR R ¢ FH S| 8 THI R i 1 (T AR EE A BE(3.5) h R AR B[R] (3 n i 3.7.2

estimated strain rate over the parallel length

FATKE LR TR E R

ey

value of the increase of strain over the parallel length (3.2) of the test piece per time
based on the crosshead separation rate (3.7.3) and the parallel length of the test
piece

Tk B R (3.7 3) MR A AT R B, IR AP AT (3.2) L W AR B I
(61 F7 184 o % F) 4

3.7.3 crosshead separation rate

3.7.3 TN EER

Ve
displacement of the crossheads per time
T kB RL RS B I R AR 1k
3.7.4

stress rate



Iapr £

increase of stress (3.10) per time
I 7 I [ 85 0 2(3.10)

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

e HERE 187 SR A U8 3 58 0 (077 B) (9 W 10.3.3).

3.8 percentage reduction of area

3.8 W W4 =%
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 :

e AR A A ) e KRR AT AR B AL R (S — S,,) » BLIEARREETHAR S, B 7 bhkon:
7=22"5% 100
=Zecu.

]

3.9 Maximum force

3.9 ®K7I
3.9.1
maximum force
- Y
Fx

<materials displaying no discontinuous yielding> highest force that the test piece
withstands duri the test

<JEM B RIS AL > ke AR AR B2 B
302



maximum force

BRI
FI.TI

<materials displaying discontinuous yielding> highest force that the test piece
withstands during the test after the beginning of work-hardening

<A W] 2 AR SRR > I T RE T 06 Fe ik i S (R aRE AR 52 B K

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

% EERE 16T 0H ST AR S E ik e n DRk Ak, AR e R, [
k& 8 o) I ] -

Note 2 to entry: See Figure 8 a) and b).
ok Hi: % 2:0.E 8 a)fll b).

3.10
stress
[T
R

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

FEARBG AR AT 20, FJBR LA 9 IR A Rl 7R S,
Note 1 to entry: All references to stress in this document are to engineering stress.

o HERE 1A SO R X R R 5| B4R TR ).



3.10.1

tensile strength

PLhLIRE
Rpn
stress (3.10) corresponding to the maximum force (3.9.2)

X BT 1 K 71(3.9.2) B2 1 (3.10)

3.10.2
yield strength
Jett e 5 2

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

Mg Jm AR IE IR G, e e A ek B A BT RS RERY 3(3.10), fEIZ AR
ARSI AR T H AN EE N

3.10.2.1
upper yield strength
b Je e AE
Ren
maximum value of stress (3.10) prior to the first decrease in force
JIE T B2 AN 1 (3.10) B s R AE
Note 1 to entry: See Figure 2,
% HERE 1A 2.
3.10.2.2

lower yield strength

B R



REL

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

SV JeE AR YT IE) N2 73 (3. 10) HY e AIRARL, 22 AT (T ) af e 2 280 2
Note 1 to entry: See Figure 2.
FETER LA 2.

3.10.3

proof strength, plastic extension

MERE, WBYEFEfH
RP

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

Y1 SE A (3.6) 55 T 5l i i AR (3.5) M€ A 41 LLR A9 71(3.10)

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

S HERE 1:0044 3 ISO/TR 25679:2005, “#5E 9t fF, JELLMIEM” .

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

& HER 2T RIS AR UE T b, BI40 Ryg -
Note 3 to entry: See Figure 3.
FHIERE 3: WA 3.



3.10.4

proof strength, total extension

e, o IEH
Ry

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

SLHEAH(3.6) (44 SiE A i 28 1 A (00 25T 51 AR BEH BE (3.5) e 1 43 LL B R 1 g
(3.10)

Note 1 to entry: A suffix is added to the subscript to indicate the prescribed
percentage, e.g Rys.

FHER LRI — P ER L EmE N 7t Bl Ry s
Note 2 to entry: See Figure 4.
% HERE 2: 0 4.

3.10.5

permanent set strength

KA EE
R,

stress (3.10) at which, after removal of force, a specified permanent elongation (3.3)
or extension (3.6), expressed respectively as a percentage of original gauge length
(3.1.1), or extensometer gauge length (3.5), has not been exceeded

LR AZIE, R ERK AR (3.3) <& (3.6)FM YN /1(3.10), KA
{2 B AR B 23 0 AT S b B K B (3.1.1) Bl 5 bR+ BE (3.5) B 71 43 HE o

Note 1 to entry: A suffix is added to the subscript to indicate the specified
percentage of the original gauge length, L, , or of the extensometer gauge length, L.,

e.g Rroz2 -



s HERE 1R ARE I — A5 2 LAoR SRR DRIE I RE AR SE 7 40 b Ly BS I it$5
PR EMME A 2 Le » B Ryg 5 o

Note 2 to entry: See Figure 5.
FBERE2: LK 5.
2,11

fracture

LB

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

RS S BN B R E LR

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

R HIERE Loh 5L b a0 A W 24 4 W1 A2
212

computer-controlled tensile testing machine

TS AL A R AL

machine for which the control and monitoring of the test, the measurements, and
the data processing are undertaken by computer

dTH LR T BRAG R BRI, A A R LA



3.13 modulus of elasticity

3.13 M EE
E

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

TEVEALTE B A ) AR R SR CER 7 40 LE Ae 1AL 2 7, LA 100%
E= AR 100
S %

Note 1 to entry: It is recommended to report the value in GPa rounded to the nearest
0,1 GPa and according to ISO 80000-1.

& EER LWL GPa N RALMRE ZE, WEHABIEREIEN 0.1G6Pa, HAE
1SO 80000-1.

3.14

default value

BOME

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

I 77(3.10) 8 45 (3.6.1) /9 FER B EFR{E, F THid S E(3.13)/iEHE
3.15

coefficient of determination

HIE RH

Rz



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

2k BRI INES SR, F TR v A B R ) - A 2 ) 5

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

FHEER LIrEANRS R Z2RIAME 2R R, AP R MER#RIENK. 3.16
standard deviation of the slope
A b 2=

Sm

additional result 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

LR BB B NG SR, H T ik vE A A 25 E I (3.6. 1) H T RN (3.10)H 5
N EENEE

3.17

relative standard deviation of the slope

AR EFN R AR ZE
SInfreI

quotient of the standard deviation of the slope (3.16) and the slope in the evaluation
range, multiplie by 100 %

FER(3.16) HUbriE w22 5 VPTG Bl N R AR, 3RLL 100%

Sm
Sm(rﬂ} = ? 100%



4 Symbols

4R

The symbols used in this document and corresponding designations are given in

Table 1.

AR S Y P SR 44 R 3K 1.
Table 1 — Symbols and designations
R 1—FF5MBFK

Symbol | Unit Designation
Test piece
ap, T® | mm original thickness of a flat test piece or wall thickness of a tube
by mm original width of the parallel length of a flat test piece or average
width of the longi- tudinal strip taken from a tube or width of flat
wire
dy mm original diameter of the parallel length of a circular test piece, or
diameter of round wire or internal diameter of a tube

Dy mm original external diameter of a tube

Lo mm original gauge length

Ly mm initial gauge length for determination of A,,, (see Annex I)

L, mm parallel length

L mm extensometer gauge length

L, mm total length of test piece

L, mm final gauge length after fracture

U mm final gauge length after fracture for determination of A, (see
Annex]J)
ff5 | B S
fir
1
a, T3 | =& i T A ) i 0 5 I A 1 BE R

;K:

by 2| RPN G TR . B B R ) 2 1Y) °F 45 98 P B
K Ji £ 1 B

dy = BRI KENREHERS. RLNETBEMRAR
A




Dy 2 BB R SME
K
Ly =] IR G b B < FE
*
Ly = T W5E Ay FIATEGPREE R BE (ML T)
A
Le = AT
*
o i SR B
;’K
L; mm AR E
Ly = W 5 ) e 5 b B B
;K
Ly | mm T 005E Ay 725 Y B 28 R B (I B %2 ])

a Symbol used in steel tube product standards.
WE = mbr RN — .
b1MPa=1N mm™2.

The calculation of the modulus of elasticity is described in Annex G. Itis 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.

SPEBLRER TSR G ). FERE AR, RN G Aedi s
- 2R 53 042

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).

d FERL - SR i S A al oy, REREA e AR E . WREH s %
UL G), i {H FTRE S R MR B 4R % Bl

CAUTION — The factor 100 is necessary if percentage values are used.
FE — FEH TS E, RE100 20,

Table 1 (continued)

x®1E)

Symbol Unit Designation




So mm? original cross-sectional area of the parallel length
4 mm2 minimum cross-sectional area after fracture

k - coefficient of proportionality (see 6.1.1)

Z % percentage reduction of area

Elongation
A % percentage elongation after fracture (see 3.4.2)
Ay % percentage plastic elongation without necking (see Annex
)]
Extension

e % extension

A % percentage yield point extension

Ag % percentage plastic extension at maximum force, K,
Ay % percentage total extension at maximum force, K,
A % percentage total extension at fracture
AL, mm extension at maximum force

AL mm extension at fracture

Rates

er, st strain rate

& st estimated strain rate over the parallel length

R MPas~! stress rate

Ve mms~! crosshead separation rate

Force
Fn N maximum force
Yield strength — Proof strength — Tensile strength

R MPaP stress

Reass MPa upper yield strength

Rey, MPa lower yield strength

R, MPa tensile strength

R, MPa proof strength, plastic extension

R, MPa specified permanent set strength

R, MPa proof strength, total extension

Modulus of elastic

ity — slope of the stress-percentage extension curve

GPa

modulus of elasticity ©

MPa

slope of the stress-percentage extension curve at a given
moment of the test




mg MPa slope of the elastic part of the stress-percentage
extension curve ¢

R, MPa lower stress value

R, MPa upper stress value

- Symbol used in steel tube product standards. b 1MPa = 1INmm~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. @ 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).

i Ay 2L
So mm? AT FE ) R U B A T
Su STV S W7 54 1) e /N R A T AR
- bof R A (W 6.1.1)
4 % e
fi
A % WL S R (W 3.4.2)
Ao % TC 45 2 P A B (LR )
ZEAH

e % LAt

A % JiE i 557 ZEE i 38

Ay % BARITHBEEME, R,
Ay % BRAATHEEME, F,
A, % 7 S et (1 S5, S e 2
ALp, =k B R A

ALg =% [T B (1) 4iE {if

e, g S

éL, s1 FAT KT A i R A e
R JEi st 87 F75

v, =k st + kA R

7
o N Rk

it bt 3 FEE —— 0 B FE—— P dv 5m i




R MPaP N
Resr JE b - JeE R B
ReL JE b N JeE B B

R JE L4 i

.5 JE R S U M S e i T

R, JE TR E A T B

Ry Je KR S A i e i P

e R —— [ - A 3 il 2R T

E L € HMERLE

m Je T 265 5 B % I ) - 2 it 56 g 2 1) B 22
mg JE 97 7~ AW 52 it £ 3t 50 4 ) A e
R, JE BARRN F1 {8

R, JE ULl

- SRR MRS . b 1MPa = INmm™2 o SRR 8 WS G 7E

i 5E L TE SR, ANEORAE RPN % G SR g B2 A7 RE AR 8 ith Bk B A R, @

FEN - ZE R 2R 3R 7, REREA —E AR E. WRRAREFRMSE
(M G), Z{E AT AE S Mt R AR H L

CAUTION — The factor 100 is necessary if percentage values are used.
A — REH T, WL, 100 XA~ FREHL.
Table 1 (continued)

F1E)
Symbol Unit Designation
€ % lower strain value
e, % upper strain value
R? - coefficient of determination
S MPa standard deviation of the slope
Smrel) % relative standard deviation of the slope
] SR FFF
e % Y
e; % L [
R? - RIE RE
Sm | JEWI(MPa) AR




sm(rcl) % ﬁ’rﬁﬁ‘ﬂﬁﬁ?ﬁ%

a Symbol used in steel tube product standards.
WE P MbrER AN — S
b1MPa=1N mm™2.

¢ The calculation of the modulus of elasticity is described in Annex  G. Itis 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.

 SRPERR I AT AR PN SR G AR A T AR B e A e i O e I ) - i e R iy
LSt RRp e, R R G.

4 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).

dFERN - AE PR LR R PR Sy, REREA e AR E. RRHRES
TFOLI= G), Z{E AT A o PR B A T

CAUTION — The factor 100 is necessary if percentage values are used.
R — R EH oA, WHRE 100 241

5 Principle

5 R

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

DREE I XA NS (R e AT, EHE B, PLGESE 3 & L —
il b /1A PEBE .

The test shall be carried out at room temperature between 10 ° C and 35 ° C, unless
otherwise specified. For laboratory environments outside the stated requirement, it
is the responsibility of the testing laboratory to assess the impact on testing and/or
calibration data produced with and for testing machines operated in such
environments. When testing and calibration activities are performed outside the
temperature limits of 10°C and 35°C, the temperature shall be recorded and
reported. If significant temperature gradients are present during testing and/or
calibration, measurement uncertainty may increase and out of tolerance conditions
may occur.



BRAE A HUE, RN 10 ° fRIKEERE 35 ° RN FI T AT X T8 e
TORMYSEIE =, A = A ST VPG A AE L SRR B 12 AT B Se HLAT = 2
IR / el B R B o AN HE TS B 7E 10°C M1 35°C AR T 2 oh
AT, RACRIFIRIREL . W SRR IR /sl B e B (R A2 72 W B iR AT B R, N
BAMEET e, FEHTRE 2 BV A 2 R R .

Tests carried out under controlled conditions shall be made at a temperature of 23 °
G5~ G

FEFE ) 2 AF T AT BRI B AE 23 ° REIREE + 5 ° SRR BERYIRE T HEAT

If the determination of the modulus of elasticity is requested in the tensile test, this
shall be done in accordance with Annex G.

A SRAE R AP T R s SRR, W SR I S G AT .
6 Test pieces

6 A

6.1 Shape and dimensions

6.1 IERA R ~F

6.1.1 General

6.1.1 — i HE

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

BURE A TG RUST T i 52 I BORE 9 2 Ja 77 ol Y TS PR R RS g

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.



PARE R TERRRL A EINTTRE ARG . AR, BT S BRI
P (B e A5 LRGSR (BN TG e B a8 T LA Zn
THEAT I

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

PR T L. . JE. M, BB ERRERN LT 2 H i — iy 2]
AT -

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, = kﬁ,

where k is a coefficient of proportionality, and are called proportional test pieces.
The internationally adopted value for k is 5,65. The original gauge length shall be
not less than 15 mm . When the cross-sectional area of the test piece is too small for
this requirement to be met with k = 5,65, a higher value (preferably 11,3) or a non-
proportional test piece may be used.

346 O RE FE JEUAG RRBEAC FE L, RS BIEI R So 2 LA BN R, MRS
Lo = kyJSo #irt, Foobt k RHIRE, FROLLHIRRE. [HER LR k 14359 5.65.
G PREE R EERE AN T 15 mm o SRR BT N GV 2 k = 5,65 1IX
— BRI, T LA B R A fE (R 2 11.3) 8RB

NOTE By using an original gauge length smaller than 20 mm , the uncertainty of the
result "elongation after fracture" will be increased.

FERCERNT 20 mm B JREGPRIE,  “BrRJSHHRER” G5 RMAIE B 214 .

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

ST AREGIREE, B AGHREE Ly 5 BRI S, 1.

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

WA RS A ZRFFE X B 2 E(L 6.2).

Other test pieces such as those specified in relevant product standards or national
standards may be used by agreement with the customer, e.g. ISO 3183 1! (API 5L),

1SO 11960 12! (API 5CT), ASTM A370 [®], ASTM E8M[Z], DIN 50125[10], IACS
W2[13], and JIS Z 2241[14].

SRR, A A ST b b B SR P e O S At R, Bl 1S0

3183 1 (AP15L). 18O 11960 2] (API5CT). ASTM A370 ) | ASTM E8M[Z]. DIN
50125[10]. IACS W2[13]! JISZ 2241[14].



6.1.2 Machined test pieces

6.1.2 N LiREE

Machined test pieces shall incorporate a transition radius between the gripped ends
and the parallel length if these have different dimensions. The dimensions of the
transition radius are important and it is recommended that they be defined in the
material specification if they are not given in the appropriate annex (see 6.2).

QRN AR B e R S AT RSN, W R 2 2 1) st BT 1. i
FRERCHREE, WM PRGN 6.2), BIAEMETE b T LIHE.

The gripped ends may be of any shape to suit the grips of the testing machine. The
axis of the test piece shall coincide with the axis of application of the force,

Fe i v] LLAL IS A SO LR B AR AT TR . R AR R 5 T 2

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

AT Ly, BEARPRATEF RS T, REZEEEHIRE, NG
KT ERPREE L,

6.1.3 Unmachined test pieces

6.1.3 RN LifHE

If the test piece consists of an unmachined length of the product or of an
unmachined test bar, the free length between the grips shall be sufficient for gauge
marks to be at a reasonable distance from the grips (see Annexes B to E).

A SRR H 7 A AN AR RE AR I Ak A B, I Sfe L 2 ) ) 1 e B o DA
trEERRIC S R R AR & HLEE B (WP % B & E).

As-cast test pieces shall incorporate a transition radius between the gripped ends
and the parallel length. The dimensions of this transition radius are important and it
is recommended that they be defined in the product standard. The gripped ends
may be of any shape to suit the grips of the testing machine provided that they
enable the centre of the test piece to coincide with the axis of application of force,
The parallel length, L., shall always be greater than the original gauge length, L, .



A RE BLAE Je s AP AT K 2 () e B 4. o R R RS, &
WAE = s bR T LASE . SRefpdin ol DURIE &L R AR AR, N EaEfER
LM ES . FATKE L MIRA KT IR L, -

6.2 Types

6.2 R]%!

The main types of test pieces are defined in Annexes B to E according to the shape
and type of product, as shown in Table 2. Other types of test pieces can be specified
in product standards.

MR TR SE R, Mk B 2 E e L7 EEMEHRE, &2 . K
il 2 HY Y ARE AT TE 7 b P L E

Table 2 — Main types of test pieces according to product type
7 2 — AR AR A i ERE2E AY

Type of product Correspondi
ng annex

Sheets — Wire - Bars - Sections
Plates — Flats

N\

Thickness a Diameter or side
0l=sa<3 B
- < 4 C
a=3 24 D
Tubes E

R FH LB AT
FEAR - R - LA - B - AR

o 4




N\

B a HARBRIIK
01<a<3 - B
- <4 C
az=3 >4 D
BM E

6.3 Preparation of test pieces

6.3 Al &

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

R AN IR % [ Bt (40 1S0 377) Y EERIKHOE 1l % A -

7 Determination of original cross-sectional area

7 JR e Ra AT AR B

The relevant dimensions of the test piece should be measured at sufficient cross-
sections perpendicular to the longitudinal axis in the central region of the parallel
length of the test piece.

REFEAMEFAT AR BE G XA, 7 A2 85 2CR 19 3 BT 0 17 A 28y e i & ik A
RIS

A minimum of three cross-sections is recommended.
HER R = AN A .

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

I AT Ay 2 T HIRERIIR, BRI E 2 R A R 1 3RS .




The accuracy of this calculation depends on the nature and type of the test piece.
Annexes B to E describe methods for the evaluation of §, for different types of test
pieces and contain specifications for the accuracy of measurement.

i E R HERR MR TR M A Y . [k B 2 E $iid AN FEIZE AN Ay 1Y
P ITiE,  FRLE IR R .

All measuring devices used for the determination of the original cross-sectional area
shall be calibrated to the appropriate reference standards with traceability to a
national measurement system.

FT-I 5 S e B A A 1) P 0 R i B M A IRE A S hn b AT e e, SRR
I EESE ¢80

8 Original gauge length and extensometer gauge length

8 JRUGHR B BE A 5] T AR B BE

8.1 Choice of the original gauge length

8.1 R IAFRIE K B A %k £

For proportional test pieces, if the original gauge length is not equivalent to
5,65\/5’:, where S, is 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. Ay, 3 indicates a percentage elongation of the gauge
length, L, , according to Formula (1):

AT LEBRE, R AR ET 5.65,/A, (Firh Ag 2 P AT B I i1
WEA), MFFES Lo MAME—DTAR, LARBIFT ARG RE, Fln A5 2o
PREEACHE Lo R4 2 SN AR

Lo=113\/S, (1)
NOTE 5,65,/S, = 5,/4S,/m .
g [

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. Ago mm indicates a percentage elongation of a gauge length, L, ,
of 80 mm .



ST ARRBIR (AL 3% B A% D), 775 Lo RAbFE—AN TR, LARBIATEM A
JIEPREEACEE, ALK, Bl Age FontnfE KR RE Ly 79 50 &K AHICE,

8.2 Marking the original gauge length

8.2 P iC REGFREE K

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

T TR E AR MR 4y, UK Lo (0% — WX ROR aTbRc . R
BHIREEATARE, HEHAGEA G 20 R R AR BaGhr K EE bR o R R
NN+ 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, .

ot F R, B A b B A T LA DU N B B 1Y 54 KRR, i
P TR bR BE G B S b ic ARG FE 2 A Z{H DT 1% 1Y Ly -

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

ISRAFAT R L i K T R AR ERAC L, Bl T AN TR, whsid— &5 E
BRAREE R .

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

FEREEARIL T, 6] — K SN AT RESF T HE), AREE NS ERAR
s

8.3 Choice of the extensometer gauge length

8.3 5| it RBE K R LR

For measurement of yield and proof strength parameters, L, should span as much of
the parallel length of the test piece as possible. Ideally, as a minimum, L, should be
greater than 0,50L, but less than approximately 0.9L.. . This should ensure that the



extensometer detects all yielding events that occur in the test piece. Further, for
measurement of parameters "at" or "after reaching” maximum force, L, should be
approximately equal to Ly .

N T I B R AR R B, L, RS ETRERE SR R I AT RE . BEAE RS
T, Z L BEAT 0,50L, H/ANT-#7 0.9L, o X RERRAR S HE I 2R 1k b & A 10
A TERREAF. tesh, AT HE “IAB)” B “IARET mAINISE, L, M2
LT Ly

9 Accuracy of testing apparatus

9 PRI & HIRE L

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

RIEHLEM ) RG-S 1SO 7500-1 B 1 2Rk %54 .

For the determination of proof strength (plastic or total extension), the
extensometer used shall be in accordance 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.

T R 5 P (B M 2 e B R ) B 5E . BT FE S| e iR A SR E Bl A RE AR A 1SO
9513 (Y 1 HelE &% % . M THAMMAEGEME LT 5%), EMAEHEATER
1S0 9513 [ 2 5| it

10 Conditions of testing

10 R KA

10.1 Setting the force zero point

10.1 B TS

The force-measuring system shall be set to zero after the testing loading train has
been assembled, but before the test piece is actually gripped at both ends. Once the
force zero point has been set, the force-measuring system shall not be changed in
any way during the test.



WA RGN AR N BHP TG, BAERFMRLPRRE LA RENT. —
B 7% m, ElEEEH N RENGMEM T el

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

RO, — 0, ENE P AMERE RGN B, U7, ok
FERAEF LR A SR I & .

10.2 Method of gripping

10.2 B HE

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

B RCR S IEM T AR, Wi, a0 R AT D e R K H

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 (8 | 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.

J8F SR — )55 Sy AR i e 3 oy =4 AT e b g e n, DU BRI 25 i (4]
ASTM E1012 8] crd {7 58 245 1) 760 it bl sl i) s 0 52 o F (BB PR ZE (i)
FI0 5 5 P (L A ) e e B SR BB, X — D R

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 strength. A correction of the extension
should be carried out to take into account the effect of the preliminary force.

AT HRAAE SR B B RRHE, AR — TN, AR A i A A e T
B BRI e ARGREE 5% RIME . BEREAT SE A AZ IE LA & TN & A7 iR 520w -



10.3 Testing rates

10.3 A KR FR

10.3.1 General information regarding testing rates

10.3.1 X TREERK—FER

Unless otherwise agreed, the choice of method (A1, AZ, 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.

BRAERALIE, FiE(AL. A2 B BRI R LA S a8 0 o A 7 1 AR 7 i 46 E Y
PO S BATHRIE, AT IR SR & A S EK

NOTE 1 The difference between Method A and Method B is that the necessary
testing speed of Method A is defined at the point of interest (e.g. Rpo > ), where the

property has to be determined, whereas, in Method B, the necessary testing speed is
set in the elastic range before the property (e.g. Ry, ) has to be determined.

L7 A R B MIXHIAE T, 75 A Y0 BEHC00 0 B 0 B R ) 3 (11

(B0 Rpo 2 )2 A B IE TE FE P i35

Under certain conditions using Method B (e.g. for some steels a stress rate in the
elastic range of approximately 30MPa/s , using a testing rig and clamping system
with high stiffness and a test piece geometry according to Annex B, Table B.1, Test
piece type 2), a strain rate near the range 2 of Method A may be observed.

TERCELSR A A ik BOB ot TR 0044, RS 6 Bl A L A3 5240 0
30MPa/s , i LA SRR (0026 B RICE RG DL R R G IS B % B ik
JURTTEAR, k2828 2), WIRESMIER R 7 A JEE 2 B R3E 2.

NOTE 2 Product standards and corresponding test standards (e.g. aerospace

standards) can specify test rates that are different from those contained in this
document.

GE 27 S AR AR I TR SR AR (1 S 0 2 L R A ) o] ARERE 5 A SR AN R it



10.3.2 Testing rate based on strain rate (method A)
10.3.2 B T NARERFRALIER (7 A)
10.3.2.1 General

10.3.2.1 — & E

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.

Jrid A B AE RSB AE 1) 5 B A R UK S R A Rl 1A, RS B iR
56 5 SR () 0 B AN 2

Two different types of strain rate control are described in this subclause.
A Sf R T PIADAS [F) SR ) 2 AR T R

e Method Al closed loop involves the control of the strain rate itself, ¢, , that
is based on the feedback obtained from an extensometer.

o J5ik Al PFIIRERIE RO NS AL &, BIEH], I HIA T NG 3R
IR

¢ Method A2 open loop involves the control of the estimated strain rate over
the parallel length, ¢, , which is achieved by using the crosshead separation

rate calculated by multiplying the required strain rate by the parallel length
[see Formula (2)].

o Jjik A2 JPEREEMHIE B AT R _EAG T RAR T & HOPEMH, X
FHs B s A R afe AP AT BETH AR B 7 Sk o B SR LB [ 2
(2)]-

NOTE A more rigorous strain rate estimation procedure for Method A2 is described
in Annex E.

TE: Mk E PR 15k A2 BB AR RO N AR AL TR

If a material shows no discontinuous yielding and the force remains nominally
constant, the strain rate, é;_, and the estimated strain rate over the parallel length,
é.. , are approximately equal. Differences exist if the material exhibits discontinuous
or serrated yielding (e.g. some steels and AIMg alloys in the yield point extension
range, or materials which show serrated yielding like the Portevin-Le Chatelier



effect) or if necking occurs. If the force is increasing, the strain 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.

IR R R ER A 4 L EREHEE, W AR 6 FIFETATAE LAY
VP RIARTE R ¢ RBUHSE . QURADEL I M O 5 Jor AR s B U R e AR () G 7E e AR s
SERTEFE A ) — Lo i B & &, BRI AR IR s AR FHEL, - 2 Portevin-Le
Chatelier Z(M)BUA 2048, MFEER. WHRDEN, BFREHIEE,
R R (R AR HE A7k 0 BRI RS T B AR ARE R

The testing rate shall conform to the following requirements.
EUSESTAERE N S

a) Unless otherwise specified, any convenient speed of testing may be used up to a
stress equivalent to half of the expected yield strength. Above this range and for the
determination of Ry, R, or R, , the specified strain rate, ¢, (or for Method A2 the
crosshead separation rate v, ), shall be applied. In this range, to eliminate the
influence of the compliance of the tensile testing machine, the use of an
extensometer measuring the extension of the test piece is necessary to have
accurate control over the strain rate. For testing machines unable to control by
strain rate, method A2 may be used.

a) BRAE A HUE , TERL A 2T T A s R i — - 22 A, w] U AT T 7
BICH . fEVTE R EBLEON T % Rey, Ry LR, » RERFIFUE M RIARE R ¢,
(BT 5% A2, tshrEER v ). EHTEEN, A7 HBRRR IR
S, it ZAE AR A U I ST AR R DA R . X iRl i B A
FIEH ARG, AT RUER ik A2,

b) During discontinuous yielding, the estimated strain rate over the parallel length,
é,, (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).

b) 7E B JiE AR ], MR FHAEPATAC L LA T A A ey (W 3.7.2). FEULIEH]
W, BT REERR GRS TSR 2 4, B e el By 5|
sl N A = . M REE R Tk B R v (W 3.7.3) OFHR) AT AFE B
BBl Y A2 B A R R BT i B ZE P AT BE_E A TH R AR =R

Ve = LcéLE (2)
where

WA EL



e, is the estimated strain rate over the parallel length;
60 MTATRIE MRS %

L. is the parallel length.

L. NFITKE.

c) In the range following R, or R, or end of yielding (see 3.7.2), ¢, or ¢, _can be used.
The use of ¢;_is recommended to avoid any control problems which may arise if
necking occurs outside the extensometer gauge length.

c) TEERRH R, 2K R, 22 J& BTG F BUE AR SR (W 3.7.2), wILAMER] ¢, BRé; o EEX
R ey, LA St SRAE G THAREE K BE 2 &b e A S04 7T it B0 A A o 42 i ) AL

The strain rates specified in 10.3.2.2 to 10.3.2.4 shall be maintained during the
determination of the relevant material property (see also Figure 9).

ERSSHBHERE RN E TR, M{RFF 10.3.2.2 % 10.3.2.4 FHAUE R RAEZR (A W
4 9).

During switching to another strain rate or to another control mode, no
discontinuities in the stress-strain curve should be introduced which distort the
values of Ry, Ag , or Ag (see Figure 10). This effect can be reduced by a suitable

gradual switch between the rates,

FEVHRE) 5 — R 2Rl oy — Fh iR i N, ASREGI R A7 - 38 26 o i A
P, PARdl Ry, Ag B Age FIME (LA 10). a7 4 2 [A]3E 1738 2 2T ) 4,
A LA /N X A

The shape of the stress-strain curve in the work-hardening range can also be

influenced by the strain rate, The testing rate used should be documented (see
10.3.4).

T T REATE FEl A R ) - AR R 2 R TR e 2 52 B AR AR 5Ema . B (8 FH A g R
W F LAid s (W, 10.3.4).



10.3.2.2 Strain rate for the determination of the upper yield
strength, R,y , or proof strength properties, R, and R,

10.3.2.2 fli5E L BARIERE Reyy « BB EfFIRAE1ERE R, AN
R, B I M3RHR

The strain rate, é,_, shall be kept as constant as possible up to and including the
determination of R.y or Ry, or R; . During the determination of these material

properties, the strain rate, ¢, _, shall be in one of the two following specified ranges
(see also Figure 9).

I ¢, TEWSE Ry 3 Ry B R, 2 H Bt BEoh R ol B AR 52 . 7RI S5 2
BHERSIE, AR o RIdb T AT AL L2 — (5 0 9).

Range 1: ¢, = 0,00007 s~!, with a relative tolerance of +20% .
Vil 1: 6., = 0,00007 s71, X LEN +20% .

Range 2: é;, = 0,000 25 s™', with a relative tolerance of £20% (recommended,
unless otherwise specified).

ik 2: 6, = 0,000 25 s71, MXLZEN £20% (HEFE, FRAEAHNE).

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

R LA B R B SR, W 74 A2,

10.3.2.3 Strain rate for the determination of the lower yield
strength, R, , and percentage yield point extension, A,

10.3.2.3 Ji5%E TR ARIEEE R, MR RAHICER A, BRI AR

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

£ b RS EERT I 5 (0 A3.2), “FATAREE ERfliTh R EE & R fR4FAE LT R A
METLE < — (WP 9), BERESEARSH.



Range 2: ¢, = 0,000025 s, with a relative tolerance of +20% (recommended,
when R, is determined). Range 3: ¢, = 0,002 s~1, with a relative tolerance of
+20%.

jik 2: ¢, = 0,000025 s™1, AEXFAZEN £20% (EWE Ry, W HEE). VEH 3:
ey, = 0,002 s™1, HIXAZENR £20% -

10.3.2.4 Strain rate for the determination of the tensile strength,
R, , percentage elongation after fracture, A , percentage total
extension at the maximum force, xfl'g[ , percentage plastic
extension at maximum force, Ag , and percentage reduction area,

Z

10.3.2.4 WEHHIBE R, ~ BTEHKRE A, BERXNE KR
Age ~ BRITBHMKE A, MBTHWRLER Z B HMER

After determination of the required yield/proof strength properties, the estimated
strain rate over the parallel length, ¢, , shall be changed to one of the following

specified ranges (see Figure 9).

LA 7€ BT B I AR/ e SR PR R I, TAT I B ROAG TH R AR & RSO A
SE Ol 2 —(WLE 9).

Range 2: ¢; = 0,00025 s~1, with a relative tolerance of +20%.
JiE 2:é,, =0,00025 s™1, HRA%ERH +20% .

Range 3: ¢, = 0,002 s™', with a relative tolerance of £20% .
i 3:é,, = 0,002 571, FHXLAZER £20% .

Range 4: ¢, = 0,0067 s~', with a relative tolerance of +20%(0,4 min~", with a
relative tolerance of £20%) (recommended, unless otherwise specified).

T 4: ¢, = 0,0067 s™1, MM AZN £20%(0,4 min~t, XA KN £20%) (HE
##, BRAESHIE).

[f the purpose of the tensile test is only to determine the tensile strength, then an
estimated strain rate over the parallel length of the test piece according to range 3
or 4 may be applied throughout the entire test.

A0SR R 4 DL RE, U A e o e S P AR 3
5 4 WISE MR AT K IE R 2.



10.3.3 Testing rate based on stress rate (method B)

10.3.3 T M /7iE R A E (757 B)

10.3.3.1 General

10.3.3.1 — K E

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

R 2 R ARAE AR AU BT A BA T 2K, BRARS A ME, TEIE B E i Ao i —
FHIRN A28/, AAE AR 7 (ARG AL . i s s A i R A BL R RRE

NOTE It is not the intent of Method B to maintain constant stress rate or to control
stress rate with closed loop force control while determining yield properties, but
only to set the crosshead speed to achieve the target stress rate in the elastic region
(see Table 3). When a specimen being tested begins to yield, the stressing rate
decreases and can even become negative in the case of a specimen with
discontinuous yielding. The attempt to maintain a constant stressing rate through
the yielding process requires the testing machine to operate at extremely high
speeds and, in most cases, this is neither practical nor desirable.

FE 7% B B E BIAS R TET 5E i IR BE I R 4R A 4 B 77 T R s ek PR 7 42 il ok
FERIN TR, O B ST RE LATE 3 4% D8R B H b /)3 = (L3R 3).

I B AR T 4G i i, B R R R, X T R AL R R, R
HEE R RN MUE . BUETERA 8 B R b OrEsr 1 e (0 D 738 32 R i G AL A
IR AR ZET, FHFHAERZERLT, ZEEASLhr AT



10.3.3.2 Yield and proof strengths

10.3.3.2 JE AR 5% FE AR 2 i S

10.3.3.2.1 Upper yield strength, R.y

10.3.3.2.1 FJERIEE, R.q

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

BRIk A 7 B R UL AT REORFFAEE , FFAERR 3 Xt B /3 3 11 R A1 ¥
WD

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

FAERZE, BMERR/NT 150000MPa MR RMUIEEL, 68, MAIAE.
SPEBLE T 150000MPa (1 i BURPRMELRE AR . 0. B3 AELIE &

Table 3 — Stress rate

% 3—— i i
Modulus of elasticity of the material | Stress rate R MPa s™*
E
MPa
min. max.
<150 000 2 20
2150 000 6 60
PR SRR R 722 R R s ™1
E
JE
a5 max .
<150 000 2 20
=150000 6 60




10.3.3.2.2 Lower yield strength, R,

10.3.3.2.2 BKKEREE, R.y

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 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.

G AL 5 T TR AR SR, DU G A T AT K B U ] g A R N A

0,000 25 s~ §110,002 5 s~ ZJa]. P47 BB P B S AR i 28 R BT RE AR FF1E 52
N SRAZE R IGIE E T, I L T AR AR AT R A ke e, 7E R 5
R BTN — 25 T BRI AL A e 3

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

FEAEMIMROL T, SRMEE A R ) R I AR % 3 g R OOR .
10.3.3.2.3 Upper and lower yield strengths, R.; and R,

10.3.3.2.3 F/ERBEM T EREE, Ry 5 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).

A0 SRAE R — YR BG il sE T e IR AR RS, U R AT A E TR e R R A
%MW 103.3.2.2).

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

10.3.3.2.4 FE R (LM IE ) MM 2 BB (B E18), R, A R,

The crosshead separation rate of the machine shall be kept as constant as possible
and within the limits corresponding to the stress rates in Table 3 for the elastic
range. This crosshead separation rate shall be maintained up to the proof strength



(plastic extension or total extension). In any case, the strain rate shall not exceed
0,0025 s71.

PLEs Ik S R MR 0] GERFFE E, FFEFAMETE B A T 32 3 i Ay
HWITRIE AN . %17 ko BT SR R AR 357 2 50 7 o B (VB e A Bl S 2E ) . TEAL AT
T, NARERMAGET 0,0025 s71 .

10.3.3.2.5 Rate of separation

10.3.3.2.5 9r B iE F

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

QAR EE HLACTR I S B ] AR =, MR A5 3 3 4y Y A SRR+
harEE, HERTER.

10.3.3.3 Tensile strength, R, , percentage elongation after
fracture, A , percentage total extension at the maximum force,
Agt , percentage plastic extension at maximum force, Ag , and
percentage reduction area, Z

10.3.3.3 TLHFEE( Ry, )« WIREHKER(A). RO TEMK
F(Age )s BRI TEMMKR(A) ) UARWTHERAER(Z)

After determination of the required yield/proof strength properties, the test rate
may be increased to a strain rate (or equivalent crosshead separation rate) no
greater than 0,008 s~1.

LT A2 AT i %) T AR/ EL B B BR s FE Ak e s, e =Rl $E /= A KF 0,008 s71 (1)
AR 3 R (B R 7Sk ).

[f only the tensile strength of the material is to be measured, a single strain rate can
be used throughout the test which shall not exceed 0,008 s~

MR TSR PUR R, MERMNRS TP SRR — N, ZRARR
At 0,008 s71.



10.3.4 Report of the chosen testing conditions

10.3.4 ikl A K HIIR S

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

37 CARIAL T 2R 5 I B A =, Wl LM AR 465 R4
ISO 6892-1 Annn, or ISO 6892-1 Bn
ISO 6892-1 Annn, =X SO 6892-1 Bn

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

Hp, “A"RRTTIE AGETRAERVNMEH, "B"RapnTiEkBEET R AR, #F
Snn”" 2 — RYIEEH 3 MEFFHRMFR, H TR0 A B B H ) E R,
N 9 FrsE S, H ELATELRIN" n "R Fn B S M N8R Ia] e 3 i) b R (R4 N
MPas™!).

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

7~ 1150 6892-1:2019 A224 & X 7 —Fp TR, HHMGHEN 2. 2
4.

EXAMPLE 2 ISO 6892-1:2019 B30 defines a test based on stress rate, performed ata
nominal stress rate of 30MPas™? .

] 21S0 6892-1:2019 B30 & X 7 —Fhdk TR /1232 ik, 5 fE 4 LR E N
30MPas™! Ti#t1T.

EXAMPLE 3 ISO 6892-1:2019 B defines a test based on stress rate, performed at a
nominal stress rate according to Table 3.

AP 3150 6892-1:2019 B 5E X | —FpAT M /7R aEe, WIREMRIER 3 14 X
R R AT .



11 Determination of the upper yield strength

11 b JE AR5 B Al 52

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, §; (see Figure 2).

Rep T M- i 25 SR UG (L ST F s B B E , 52 SR T T B2 1 B R A
. ZAEE R A B LA AR A SR AR BT AR S, T H (LA 2).

12 Determination of the lower yield strength

12 T i AR 78 Al 52

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,
Sy (see Figure 2).

Re, WAT-MASMERA 52, 5 SO BEVE S IR 3] RO BRAR N J0 M, 2 S AR e[ B ARt &
RUEo ZAE I RDA A7 B DL 0 B AR BT AR S, SRTHSE (LA 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.

St T4 T AR S R R L 2 AR 52 A, BFA TIRFRIE AR, Rey WIRE N Ry 2
G 0,25% NAE AR RAKR 7, A BAT M WIGEIRAS R0 . i R P i E
R J&, WREHZ %M 10.3.2.4 8 10.3.3.3 8/n. {8 A 80 23 M7 10 A e
i

13 Determination of proof strength, plastic extension

13 5 2 4 S 16 55 E Y U1 72

13.1 Ry, is determined from the force-extension curve by drawing a line parallel to
the linear portion of the curve and at a distance from it equivalent to the prescribed



plastic percentage extension, e.g. 0,2% . The pointat which this line intersects the
curve gives the force corresponding to the desired proof strength plastic extension.
The latter is obtained by dividing this force by the original cross-sectional area of
the test piece, S (see Figure 3).

13.1 R, I 2551 — 2% 55 AR 2R IR0 7P AT B e A BE 2 55 1 M YR S e 4 L
(Bt 0,29% Y2k, M- M2 E . IX5 25 MR 28 A g th 3 BT B i B 5E
YEPESERSRAERY 7). J5E IR b 0 BR DL O SR e BT AR S, RIS (LA 3).

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

SR - th 2R RV LGB A R TR g, Mo JGiE LR 6 2t AT 2k, U
BCRAEL PR (LA 6)-

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

S AR e Y T S A s FE I 5 R 0 B SE T RS I R020 10% HI{E.
SRIG Ry, BRI s ERERE. v T e P e BB R eR I, i
RL S Bl Rt — %2R . RIGERH]— K BRXFETATHZ, Ml RAE LR Gy

St TR E BT AT Ao I o AR R B PR A B IR B A R S, 1T
(WF 6).

NOTE Several methods can be used to define the corrected origin of the force-
extension curve. One of these is to construct a line parallel to that determined by the
hysteresis loop so that it is tangential to the force-extension curve. The point where
this line crosses the abscissa is the corrected origin of the force-extension curve (see
Figure 6).

AR A UM O R E LA - R IER /R . Herh— MR — %5t
i e (A£G 8 08 P26 AT 2R, EH S - i 2 b, IX /2R S R AR n 128 i 72
St th Rz IE I S (LB 6).

Care should be taken to ensure that the hysteresis is performed after the final proof

strength has passed, but at as low an extension as possible, as performing it at
excessive extensions will have an adverse effect on the slope obtained.



7 A DR AE o % A0 20 P E e o B oL S AT i U [l e A, (RIE MR T READN, A
ATERE FAE R EAT 22 TR AS O 3 = AR AR 2

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

SR = bR R L E BUR S B & R, TEANFEESE e AR ) B 2 ) e AR v MR A
HE A 5 AN I 1)

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

13.2 Rl {d A 1 3h 3 B (A 2R 45 55 ) (WU B e A)FE ANz 75 - th 2 i 5 000 T 3R 95 1%
NOTE Another available method is described in GB/T 228[12].
¥:GB/T 228[12]H ik T 5 —HmT H7iZ:.

14 Determination of proof strength, total extension

14 M IRE . SRR E

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).

14.1 7E77-3EAR M4k LHE R, » 8 10.2, JE 26— K S5 AbrEh (5N i B
S5iZ5IE RS T e BB S 4 LU 2R . RS M 2R AR ZE 1 s 25 tH ) T BT 75
SESREER) 770 AR 7B U A B SR AR BT AR S SR R (LA 4).

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

14.2 AT A 803 B (WP A)FEA L2 ] F7- 1 i 28 A% DL T HRAG I P RE



15 Method of verification of permanent set strength

15 7K AZE T 5 BEHIE 7 v

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, §; . 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.

A B0 BT R E B AR A, FREERTADN 10 s % 12 s o e Syl g HE N A
Fe LU R AG BRI A S 3K73 . KBRJIE, PRAUEHIIAK AR TR AE (R e
Aid R bRE U E R H ke WA 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,y 5 = 750MPa
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 %.

3R — IE o AE W, B A AR RIS B — AT . I E
IRz A7 LA B S0V I ik A8 T S e SR B A 30 7 i TS BRI SR F e . R
B4R 5 Rpg.s = 750MPa it ” Fxf il tF5Ein 7 750 MPa R4, HF=AER)K
AN T BET 0.5%-

16 Determination of the percentage yield point extension

16 JiE Ak = ZE 1 2R A9 €

For materials that exhibit discontinuous yielding, A, is determined from the force-
extension curve by subtracting the extension at R,y from the extension at the start
of uniform work-hardening. The extension at the start of uniform work-hardening is
defined by the intersection of a horizontal line through the last local minimum point,
or a regression line through the range of yielding, prior to uniform work-hardening
and a line corresponding to the highest slope of the curve occurring at the start of
uniform work-hardening (see Figure 7). It is expressed as a percentage of the
extensometer gauge length, L, .

M T RIS JE AR A4 Rk, 8 A5 T8k s i B R 2 Rey i
MIREfHE =, M JI-SEfH LR R0 A o P50 TREAE T ham (9% 23 (il i B )5 —
A I3 FB s A s AT 2R B T e R S B ) [ VA28 550 o ) S0 T REAL T S ek et 2K
e AR 2 A RUE (LB 7). B AGHTHREE L A 4 EEFR R



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

e fd T 7 [ LI 7 a) Bl b)] AT Bl o g k.

17 Determination of the percentage plastic extension at
maximum force

17 B K/ T B S R A

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

2T AR E SR TH IR 0 -2 4 h 2 B RO RS AORE =R, FRR 2 H AR

Calculate the percentage plastic extension at maximum force, A, , from Formula (3):

MR A B TR PR ERE K A,

ALy Rn
Ag_(Le mE)-mo 3)

where
TH
AL, is the extension at maximum force;
L. is the extensometer gauge length;
R, is the tensile strength;
E is the slope of the elastic part of the stress-percentage extension curve,
E J& R 7J-2E (48 1 4 bl 2R 5 M 7 B0 R 22

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

FEX TR/ T 2ICF G AR s P RBIEE ST 6 b R Ab HREff
ELAE 1)



18 Determination of the percentage total extension at maximum
force

18 B A/ T B KR AP e

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

%I AR E S R 1 T - (PR R R B R .

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

RIE A () TH R K TR SR Ag, :

A= ﬂf:" -100 (4)
where
o
AL,, is the extension at maximum force;
ALy, =2 HK I R

L. is the extensometer gauge length.
Le ZT5HHHRIEKEE.

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

X TERCA AN 23T G M EL BRI TR2M KRS e ek E
(LB 1).

19 Determination of the percentage total extension at fracture

19 W R e SR =

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

BRSO S AT ERAG Y - S 2 L RO B R .

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



R4 (5) TR RN ) SR A,

A, = &L—? -100  (5)
where
Her
ALg is the extension at fracture;
ALg 72 Wi R < &

L. is the extensometer gauge length.

Le 75T PRIECRE
20 Determination of percentage elongation after fracture

20 B3R5 K R A 2

20.1 Percentage elongation after fracture shall be determined in accordance with
the definition given in 3.4.2.

20.1 W2 Jo i 2 42 I 3.4.2 25 HH 8 SO AT I 5E

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

Ak, RN GRS T DO S E R, eI T — R HE L.

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

I BB A AREEACRERS ,  BOREURF BRI e, AR O i B 50 20 < 1) F) IE Wk 3 fd
IR F /N U A S R EBAR A O R

Calculate the percentage elongation after fracture, A, from Formula (6):
RAE 2R (6) i ST HIcER, A:

A=Lu_Lo

100 (6)

4]

where

A



L, is the final gauge length after fracture;
Ly, 79 J5 0 B 2R PR AC
L, is the 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.

WrEMEER, L,—L,, MEREEERSHENNEREE, BidsELm
0,25 mm ¥ 3 =R R .

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 Ly /3 , the method described in Annex I may be used by agreement.

N RHUE R MK T T 5%, @UCRIUHRIP (LR H). R
S A 5 O bR ARG Z BRI R AN Lo /3 B, NS RAH . PR,

I SR Je A AR S T EOR T E [, WIEIe MR & e, I8 3 | 4 byl
AR JEaIE RS T — MR RS Z BB R DT Lo/3 B4, W
ZMVCR M 1 th PR i 7% .

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).

20.2 {# F 5 i F o W 2w, T AR EE A B AT bRl . (G A IR R
R EEEATIE, Fh TIRENEKER, ARtk E. T HRE
S FEF kel tbefE, wf LA AN R W, S EA L e fsh A AR
) A2.2).

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 equal to this length.



AT 24 W 20 = F S (040 R A AR SR T PREE A RE L I, Z05E &5 SR A .
ORISR 5 TR TAEE, WIC e ke pa i i A B anfr, WriskEn
SrEC BRI A R R bR R E T 45 e AR A R A I S A R A e, 5]
(Lila g ER IS VA S (S

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

proportional gauge length, using conversion formulae or tables as agreed before the
commencement of testing (e.g. as in ISO 2566-1 and SO 2566-2).

20.3 W AR LS 1Y 18] K B E ISR ER,  a] LAl R I i P A R A =
o R A SN AR R B (30, fin 1S0 2566-1 F1 IS0 2566-2 T fiTid).

NOTE Comparisons of percentage elongation are possible only when the gauge
length or extensometer gauge length, the shape, and cross-sectional area are the
same or when the coefficient of proportionality, k , is the same.

F RA bR B S TR R . FEARAIB AR AR ], 3 L) R A K AR
R, A REREATHIC SR E Ry LR

21 Determination of percentage reduction of area

21 M TR WAL &4 2R X

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

I T4 AR 3.8 b h 052 SUSEATHUE

If necessary, the broken pieces of the test piece shall be carefully fitted back
together so that their axes lie in a straight line.

WAL, R/NOHUEER T A Bk, MR T —REL L.

For round test pieces, the measurements at the minimum reduced section should be
made in 2 planes at 90° to each other and the average used for the calculation of Z .

ST E R, BEAeHIE A 90° RIF AT LR B SRR, FERT
ATFitHZ .,

Care should be taken to ensure that the fracture surfaces are not displaced when
making the readings.

L M ST R R A RN
Calculate the percentage reduction of area, Z , from Formula (7):

AR A7) TR, 2



zZ=22_""100 (7)

Sy is the original cross-sectional area of the parallel length;

So & AT FE R JE AR R AR T AR ;

S, is the minimum cross-sectional area after fracture.

S W2 e i) 5/ A AR

[t is recommended to measure S, to an accuracy of +2% (see Figure 13).
UGS S, HIRGRERT) £29% (WA 13).

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

wt TN EAR B B AR LT AR B0, arRETEiEHs S, M=) £2%
MRS -

22 Test report

22 RIS

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

IR E N EDPUELTEER, BRIEHRET HA4%E:

a) reference to this document, extended with the test condition information
specified in 10.3.4, e.g. 150 6892-1:2019 A224;

a) ARSI, Y RE 10.3.4 hEUE R &SR, #4n 1S0 6892-1:2019
A224;

b) identification of the test piece;
b) BRI

c) specified material, if known;
c) CENRIHLE #1 k)

d) type of test piece;



d) i1 AL
e) location and direction of sampling of test pieces, if known;
e) LRI AF BGHE A ELA J [)

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

f) 5 10.3.2 A1 10.3.3 rgd t f9HERE 7 A AR R A B4 42 ) B AR 06 ol e
R (L 10.3.1);

g) test results:

g) Wl E AR

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 whole number;

£5 R NL (R 45 1SO 80000-1) MU & FL AR LA RS FESCE B R, B lE ™ din it
AHAME R, CURMARAL, R B R AL

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

i Ml s A B T o PUA A, RETR B BRI 0,1%

all other percentage extension and elongation values to the nearest 0,5 %;
FT A LAt 7 2 U {5 0 o1 3 {EDRG B 2) Be HE HY 0.5%:

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

Wrimias#, Z, MWIIRELN 1% .

23 Measurement uncertainty

23 WEAHERE

23.1 General

23.1 — I E

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



U AN S BE 23 A A B TR 0 B SRS — B R

Product standards and material property databases based on this document and
earlier editions of ISO 6892 have an inherent contribution from measurement
uncertainty. It is therefore inappropriate to apply further adjustments for
measurement uncertainty and thereby risk failing product which is compliant. For
this reason, the estimates of uncertainty derived by following this procedure are for
information only.

BT AL LA L 190 6892 HLSIRRAS 17 f b HEFIA R RERHE FE v, IR AN
A H AR E, S EAE L TE R EAGERN, SRS
fEEHET MBI G . B, R P R H RAEE B A THE R S %

23.2 Test conditions

23.2 R

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

AT R RO 45 14 A PR (8 AN 15 [R5 FE 0 B A f o B T b A7 TR 2 .
23.3 Test results

233 HRER

The estimated measurement uncertainties shall not be combined with measured
results to assess conformance to product specifications.

T E W BATE AR SN RS RS H U2 G & R,

For consideration of uncertainty, see Annexes K and L, which provide guidance for
the determination of uncertainty related to metrological parameters and values
obtained from the interlaboratory tests on a group of steels and aluminium alloys.

KTFAHERMER, WHFE KL el ESHULN—HARNEE M
S5 22 [ A BG AR 1T IMELHE SR AN 2 BE A AR e SR Bt 1 48 =
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A percentage elongation after fracture [determined from the extensometer signal or
directly from the test piece (see 20.1)]

A Wrja AR [ 5 R THE 5 BOE S BRI E (I 20.1)]
A, percentage plastic extension at maximum force

Ay BORHT T IIBYEAE M

A percentage total extension at maximum force

Ag BFAT MBI

A; percentage total extension at fracture

Ay WTJE S RE i 2

e percentage extension

LIk SR e

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



mg 17 - T 43 H i 2R 56 35 43 i R
R stress

R 7

R, tensile strength

Ry DU 58 E

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

Ae FEKETTF Ay BFIME, WE 17 % T Ag, FIE, WE 18 %)

Figure 1 - Definitions of extension
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Key
R
e percentage extension

(LESEP d=4

R stress

R Rifj

R . upper yield strength

R ey L HREHFE

R ., lower yield strength

R T JE R GERE

a Initial transient effect.

a WG AS L.

Figure 2 — Examples of upper and lower yield strengths for different types of curve
Pl 2 - AN 22l 28 iy L Jee IR i PS8 R T i I i 2 15

R

Key
KB
€ percentage extension

(Lib SEf R



e, specified percentage plastic extension

e, ML HIMBHE MK 4 b

R stress

R 7]

R, proof strength, plastic extension

Ry BUSESRIE . WPEIE M

Figure 3 — Proof strength, plastic extension, R,, (see 13.1)
B3 — WUEERAE . AEAEMA, Ry (R 13.1)

R
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R,

J

Key

il

e percentage extension

LR = SR =

e; percentage total extension

e SMFKEH L

R stress

R Ay

Rt proof strength, total extension

B sRIE B IE 3



Figure 4 — Proof strength, total extension, R,

4 — MEsREE. SIEfE, R,

RA
—
-4
1 . -
0 . | e
-
Key
i

e percentage elongation or percentage extension

e fFZ T 7 s 2 H 41 b

e, percentage permanent set extension or elongation
e KA A F B K H ot

R stress

R R7j

R, specified permanent set strength

R, WLFE K AT 55

Figure 5 — Permanent set strength, R,

& 5 — AKAETEEREE, R,
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e percentage extension

HHCR T ot

specified percentage plastic extension
M PR ER T b

R stress

R 8.7

R, proof strength, plastic extension

Ry, L5 2 1
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a) Horizontal line method b) Regression method
Key
e

A, percentage yield point extension
Ao JEMRAMHCERE o

e percentage extension
(LIRSS =

R stress

R 7]

Rey upper yield strength

Rey b B RR5E

a Horizontal line through the last local minimum point, prior to uniform work-
hardening,

a TER) SN TR 2 i, dfd e — A R dme ik s I KCF 2k
b Regression line through the range of yielding, prior to uniform work-hardening.
b 7EX 21N TREAk 2 i, 38t o AR [y [ml 1 2%

Line corresponding to the highest slope of the curve occurring at the start of
uniform work-hardening.
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Figure 7 — Different evaluation methods for percentage yield point extension, A,

K 7 — A JERR ARSI T 23 LERYAS R VP4l i
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c) Special case of stress-percentage extension behaviour #
c) LA fRHC SR AT W R R BRI 0L

Key

i

e percentage extension

e [ 7 r

R stress

R A



R ey upper yield strength
R ey LJE e E

R, tensile strength

Ry, Bt smpE

a For materials which display this behaviour, no tensile strength is defined
according to this document. If necessary, separate agreements can be made between
the parties concerned.

a XTI ZFRAT AR, A SO R e (ITRRE. A wE, Moy zmn]
FHTIE RN
Figure 8 — Different types of stress-extension curve for determination of tensile
strength, R,
Pl 8 — F T2 fid s FE AU AN R 2 BY ) -fC 28, Ry,
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a) Method A b) Method B Key é strain rate, in s~ 5 control mode: extensometer
control (Method A1 closed loop) or crosshead control (Method A2 open loop) R
stress rate, in MPa s~! t time 6 control mode: crosshead control (Method A2 open
loop) 1 range 1: é = 0,00007 s~!, with a relative 7 elastic range of the test tolerance
of +20% 8 plastic range for the determination of Re, Rp, Ry, A, 2 range 2: é =
0,00025 s~1, with a relative 9 maximum strain rate for the determination of
R, Agt , tolerance of +20% Ag, Ay, A, Z 3 range 3: ¢ = 0,002 s~1, with arelative a
Recommended. tolerance of +20% 4 range 4:é = 0,0067 s~!, with a relative b
Expanded range to lower rates, if testing machine is tolerance of +20%(0,4 min~!,
not capable of measuring or controlling the strain rate with a relative tolerance of
+20% ) (see 10.3.3.2.5). NOTE 1 Symbols refer to Table 1.

a) 77k Ab) Hik B HE e BAFE, M7 s 5 B MR R (i A1 ]
H)al A k3B (Ui A2 JPER) R R A3, By MPa s~ ¢ i i) 6 45 iR
A% (712 A2 JFER) 15[ 1:6 = 0,00007 s™1, #IxF 7 iRBS ST A% R
+20% 8 Fl T Rer, Rp, Ry, A MIZBPEVEH 2 V| 2: € = 0,00025 s71, #HXF 9
TIE Ry, Age IR R, AFHN £20% Ag, Ap, A, Z 3 {6 3:6 = 0,002 571,
IR a fHEFE. AZEN +£20% 4 5 4:6 = 0,0067 s, % b W HIRIEHL A ZN
+20%(0,4 min~', TEiELL +209% AR A ZE IR EEE IR AT R, W BIEAL
HARTEE (W 10.3.3.25). 1 /F55 0% 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).

T 2 A7k B i v FE i A SRR AR R ) 348 ) 210000MPa 47 IR (4) i
HENK.

Figure 9 — Illustration of strain rates to be used during the tensile test, if
RBHJ RBLJ Rpr Rt! le Re » Ag: ‘qgtl AJ At ' and Z are determinEd
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Key e percentage extension R stress a False values, resulting from an abrupt strain
rate increase. Stress-strain behaviour, if strain rate is abruptly increased. NOTE For
parameter definitions, see Table 1.

Kt e fKEZ R By a T RAZR RGN =L R RN HRRE
Ry, RI-RAEATA. EARBEENL BRE1L.

Figure 10 - lllustration of an inadmissible discontinuity in the stress-strain curve
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a) Before testing

b) After testing

b) a4 5

Key

PSS

a, original thickness of a flat test piece or wall thickness of a tube
ao i TR Y Il h J5 2 B A 1 BE 5

by original width of the parallel length of a flat test piece
by AR AT P A G 98

L. parallel length

L. FITKE

Ly original gauge length

Lo JRUGHREEACTE

L; total length of test piece

Lo R

L, final gauge length after fracture

L, Wi )5 B 25 pr B FE

S, original cross-sectional area of the parallel length

So AT L B JEU s A T A



1 gripped ends

1 e i

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

AR PR R IUE S5

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

P& 11 — 3B e B n Tk fF (AL FH 3% B A1 D)

5

\

(S— —

Key

i<

Ly original gauge length

Lo R K

S, original cross-sectional area
So IR 4G H AR

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

Bl 12 — & 7= sh RN T84 il (LHE 3% ©)
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a) Before testing

5.
A1
B R P s~ rm— ey i 2
S— Wit
L.

b) After testing

b) a4 5

Key

e

d, original diameter of the parallel length of a circular test piece
do PTEAAFF 1T K BB JsG HLAZ

L. parallel length

Lo FITKE

L, original gauge length

Lo RGEHrREAC B

L, total length of test piece

Ly WFERKE

L, final gauge length after fracture

L, Wi %5 1) A PREE L

S, original cross-sectional area of the parallel length

So AT LB I 4 R A8 THT A



S, minimum cross-sectional area after fracture

Su W) i i R AR

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

AR PR R IUE S5

Figure 13 — Machined test pieces of round cross-section (see Annex D)

P 13 — [FE R i pohn TR (L B =% D)

a) Before testing
a) 3 Ay

b) After testing

b) a4 5

Key

e

a, original wall thickness of a tube

ao I A B )R

D, original external diameter of a tube

D, EM IR MEIME



L, original gauge length

Lo JE 36 b BEAC R

L, total length of test piece

Ly WK

L, final gauge length after fracture

Ly W45 (1 B L b K i

S, original cross-sectional area of the parallel length
So AT EE B SR 4G B AR A

S, minimum cross-sectional area after fracture

Su W& Jm i /I R AR T A

1 gripped ends

1 e i

Figure 14 — Test pieces comprising a length of tube (see Annex E)
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b) After testing



b) 45

Key

K

a, original wall thickness of a tube

ao B IR IHEEE

b, original average width of the longitudinal strip taken from a tube

bo MEHF LA ) 55 5 B SR 41 324 8 12
L. parallel length

Lo FATRE

L, original gauge length

Lo JRAGHREEC Y

L, total length of test piece

Ly BUPFRDEACRE

L, final gauge length after fracture

L, W5 ) s bR

S, original cross-sectional area of the parallel length
So “THAT A Y IR AG 1 A i A

S, minimum cross-sectional area after fracture
Sy WG s/ R AR

1 gripped ends

1 JeHyin

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

A fE LR R U E R

Figure 15 — Test piece cut from a tube (see Annex E)
% 15 — WEH IR T R E (WL 5% E)
Annex A
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(informative)

(BERHE)

Recommendations concerning the use of computer-controlled
tensile testing machines

KT E LR AR AR W

A.1 General

A1 B

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

AW A & T AL H L R AR b R I e, et
TEBRFANI R A b R R AR

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

X PEE ReL t BrE R SR, B R R E & 1.

A.2 Tensile testing machine

A.2 hr R E AL
A.2.1 Design

A.2.1 it

The machine should be designed in order to provide outputs giving analogue signals
untreated by the software. If such 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 should be given in



basic SI units relating to the force, the extension, the crosshead separation, the time,
and the test piece dimensions. An example of the format of suitable data files is
given in Figure A.1.

PIGHL BT B RESR R L B MR B ORELE St . BRI AL, 5
AL i I  H I e A B, 3R A 90 e I A0 s G T 2R 45 LA A n 4T ey
PAFAEERER . XEEEEN LIS A, K, Sk, B AR RS A SR B
A PR RALL . A IE AR SR R L AL,

#

*Reference®;*150 &892"

*"Identification™; "TEXSTAND™

"Material®;"DC 04 Stecl™

"Extensoseter Lo crosshead Lransition®;C.00;"w®
"Specimen geomeLcy™;"[lat”

*Specimen thickness - ao™

"Specimen width - bo"

*Cross-sectional arca = Sg~

"Extensomoter gauge length = La"

"Extansometer output ln ma®

*Farallsl langth = Lc*®

"Data acquisition rate 50dz™

"Data row for start force reduction (Hystereals) = Ha®
"Data row for end force redoction (Hystereasis) = He®
"Data row for swiich Lo croashead = Ca®

"File length N data zows®™

"File width N data columas®

20" 0.711:"mm"
"bo®:1%. 93 "mm"
*20%: r
"Le": B0
*Lo"2 12
"N=:2912
"M
"Ha*";0
"He"; 0
“Ca®":0

L —
(L

= ine™ "crosshead® ; "extensoneter™ ;" force®™
2% "mm® 1 "™ ; "
7 "™

0.40;0.00
0.4230.8

0.44:0.002(
0.46;(
A8

=R -F-N-F-W--

N

B test parameters and sample dimensions

B M Z ORI i R~



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

B A.1- B ESE S AR
Key

E3i

A header

A bR

C data

C i

A.2.2 Data sampling frequency

A.2.2 B RAFIR

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 R.y , Formula (A.1) may be used to
determine the minimum sampling frequency, f.,i, , in reciprocal seconds:

BRI S T P O MR R PRI N AL B, LGB SRR, B
4, AT 3K Rey , PIER 24 FU(A D) RHE S/ DRBEIUR finin » ORI

e Al
fmin_REH‘q (]

where

Hrp

é is the strain rate, in reciprocal seconds;

e PR, BANERMEEL,

E is the modulus of elasticity, in megapascals;
E Jyiptiiie, AR,

Rey is the upper yield strength, in megapascals;

Rey A EJEIRGRAE, A AIR ST



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

q SR AL R 0RO vk 22 (R 1S0 7500-1), BLE 2 HEERoR.

The choice of R,y in Formula (A.1) is due to the fact that it corresponds to a
transient characteristic during the test. If the material tested has no yield
phenomena, the proof strength Ry, ; should be used and the required minimum

sampling frequency can be halved.

NR(AL)H Rey HIEFEIE PR N e 3 BT 56 E] ) — B SHF I . 2 R ATl
MEHECA IR, W R fE A E B Rpoz » Pl BB/ RAE S 0] IR

[f method B (stress rate based) is used, the minimum sampling frequency should be
calculated using Formula (A.2):

URAERI T BOET I /7 3), W RAEH 2 2 (A 2) T 5 B/ SR A
foun = 100 (A2)
Ren-q
where R is the stress rate, in megapascals per second.

Horpr R ARl %, B IR R AR

A.3 Determination of the mechanical properties

A.3 P BE B3 <2

A.3.1 General

A.3.1 — R E

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

B LA B 18 LA T 2R



A.3.2 Upper yield strength

A.3.2 b JEARSRE

Ry (3.10.2.1) should be considered as the stress corresponding to the highest value
of the force prior to a reduction of at least 0,5% of the force, and followed by a
region in which the force should not exceed the previous maximum over a strain
range not less than 0,05%.

Rep (3-10.2.1) 7l #H A% 82T 41 &2 /0 BRAR 0,5% Z AT 1M 2 i de s (B e g, Bl 5 A
— AN, FEZXKIRN, EANT 0.05%M ARG N, ISR EE L S ARG 8RR
{E.

A.3.3 Proof strength at plastic extension and proof strength at
total extension

A.3.3 28 1t SiE{ei R e o R A i B {9 E e

R,(3.10.3) and R((3.10.4) can be determined by interpolation between adjacent
points on the curve.

R,(3.10.3) A1 R,(3.10.4) w3l i th £ _EAH4R -2 1] Rl (R 2
A.3.4 Percentage total extension at maximum force

A.3.4 K7 T R R

Ag (see 3.6.4 and Figure 1) should be considered as the total extension
corresponding to the strain at maximum force.

Ag (W 3.6.4 FIE 1) R AL AT BT fse A1 B REAR B SR

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.

FRLHR, AL N - N BT IR, MR T, EULT
LB PG E AT RES X S5 R AR . T a2 NS B R R AR )
% JHIESINE P ST



A.3.5 Percentage plastic extension at maximum force

A.3.5 B /1T KB PEE(H =

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

Ag (W 3.6.5 T 1) RIgAN et W e K S B AR R SE4R

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.

MTARLERRL, LT N AT - AR i ZRHEAT P AL B, X RR L TR VCRA £
BT 1/ P - RiEN I R A e o8- AL I G 9 ]S DA S ib e e N ] VA
- I8 it £ A AR IR 43

A.3.6 Percentage elongation at fracture

A.3.6 Wi RHK R

A.3.6.1 Determine A, with reference to the definition of fracture in Figure A.2.
A3.61 ZME A2 PATIBEH E (HIE A

The fracture is considered to be effective when the force between two consecutive
points decreases

HPASESE K22 [0 B AN R N e R

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

a) H/NE BT AT A S REZ ER R, BE RN R R ORE A 2% . T H
b) lower than 2% of the maximum tensile force (soft materials).
b) & T KH4i /1) 2% (B HD -

An increased sampling rate and/or filtering of the force signal may influence the
point of fracture determined according to this method.

R SRR A /O {5 S AT BB T AE 2 R R L 77 TR E TR



Another useful method for detecting the fracture of the test piece is to monitor the
voltage or electric current through the test piece, when the values measured just
before the current is interrupted are taken as those at fracture.

T — ik I A B R PO AT A TR A B M A A B R B R AL, 2 A P T AT
FAEL R g BT 2R OB

F s
<
f'- .
6‘0«)“\\ !
i
o
-
S
0 | ' t
Key
Fforce a Fracture.
F J7alr%d.

F,, maximum force - data point

Fon BT - B3 55

F,,4+1 force at measuring point n + 1 Criteria for fracture

Fpey RS2 o+ 1409 ) Wi bsite

AF, ,_, force difference between measuring |ﬂ.Fn+1.n| > S‘Aan_1| and/or
AFpp_q M |AFp 10| > 5|AF, | EF/ERZ 2
pointnandn—1F,,; <0,02F,

HEnfin—-1F,.<0,02F,

AF, 1, force difference between measuring



AFpyyn U2 ) 2
pointn + 1 and n
mn+1fn

t time

t I

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

A.2 - RF#RE XA~ EBE

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

A3.6.2 RS HRFF T RSN E M KEEEMR, MG E A2 b1 4t
f1E-

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.

A3.63 IR GIHHEUS, SELEBIRAEERKN K, 2R KRENER, A
A SV S LR R E 51 U T EWT R Z AR EAMEB I E. BRI B ik
B 7 T GHIE ) -

A.3.7 Measurement of the slope of the curve in the elastic range

A.3.7 SRIEVE Bl N AR Bl

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.

AT RER IR ARG PR R 75EA BB TE T PG 2 LIS AR ER ,
BRRARLE R bl b s SCel i RS0 & 5 R E

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



HTHHER BB AR R ER . S8

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

a) Vi 3 B BE (1 F 19 53 20 s

b) the formula chosen as reference to define the slope of the curve.
b) i e LR FESHR A,

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

I R 7 - M ER R B2 R B e, TS 13.1].

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

S Y PR b 2 R RO I A AT SR O B P T B R R
¢ the slope of the sliding segment is constant;
o HENEHIRIFLEE R,
e the selected range is representative.
o JITiGiE E RAT AR

In any case, it is recommended that pertinent limits for the range can be selected by
the user in order to eliminate unrepresentative values of the slope of the curve in
the elastic range.

FEATATR LT, B P Al AR Rz e B A A SR, DATH BRaRR % 0 Py 2 36
MR (R

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

ZACHR[S] [17]. [181FA[19] P&yt 1 IX B LA R JLAth ] 432 52 75 ¥ A 5 N %8

A recommended method to determine the slope of the elastic line for evaluation of
R0z (Reference [20]) is given below,

TS R HERE O TR R SR R R PR A Ry 2 BT IR (Z % 3CER[20]) -
— linear regression of the linear range;
— ZRMEVE A 2t TR U

¢ lower limit: ~ 10% of Rpoz;



L ] —FEE Rpﬂrz E"j L 10% H
— upper limit: ~ 40% of Ry ; ;
— EBR: Ry H1 ~ 40% ;

e to get more exact data for Ry, ; , the elastic line should be checked and if
necessary recalculated with other limits,

o HNTHIGRT Ry, BRWAMEEE, NMAEMML, AL, HHAMRMA
HFrit .

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

A.4 T 1 RE W 2 KA B SE

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

I 2 S F T SRR P A 7 iR A Bk, T LA 5 LS 4t 7 s ER
e B BEATR A /T A B0 &5 R EEAT L BRI G . RO LR A LA R
Ay EBOCAR BEE, FRE AR 9 R IR 2 B 220 5 TSR L4 T1
FAUH S A5 R A R e AT A 2

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.

b R THSEOHLER E BE S TE R — 0 T ahif g A E A R EACF BE 2 R BV,
W LLAREALES TR R . o TP XA R T s v, A AN AR
ARIEIE, BRI 2 7 RAER Al BB R{EGE N .

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.

R OUR AL X RS B R . SRR A F S AR 2 1 AR .
EIFABELL A (S Pl aRd R B 51 2 TR BT & H AR AY.

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

IR AT, Bl ABA 2 A R ARIEKF B SR RHE A — A T e i e 1
ol ETTENAF A EIRARELL AR AL P EOBRAE. {EARKER B BIAY

TENSTAND % H (GBRD - CT - 2000 - 00412)f) — &4, a1 FA i e ek g
() ASCIl HdECft, aTHFHAFIRIE. S Cat[21M[22] 4 T E 2 FAE .

Parameter hE st
Relative ¢ | Absolute ¢ | Relative ¢ | Absolute ¢

Ryo.2 <0.5 % 2MPa | <035% | 2MPa
Ro1 <0,5 % 2MPa | <035% | 2MPa
Roy < 1% 4MPa | <035% | 2MPa
Rii <05% | 2MPa | <035% | 2MPa
R, <05% | 2MPa | <035% | 2MPa

A - < 2% - < 2%
ZH ne L

X € #axf € AT € gt ©

Rz <05% | 2MPa | <035% | 2 Jki

<0,5% 2MPa <0,35% 2MPa

p1
Ry < 1% 4 JEiH <0.35 % 2 JRIH
R <0.5% 2 Jkmg | <035% | 2 Jkif
Ry <0.5 % 2 Jki | <035% 2MPa
A - < 2% - < 2%

Table A.1 — Maximum permitted differences between computer-derived and
manually derived results where D, is the difference between the result of manual
evaluation, H,, and the result of computer evaluation, R, for a test piece

(D; = H; —Ry);



® Al —— IHEHBHRESER S N THRNNSRZ BN ER K RFEE, Hh D 2
PR (D = H; —R) » ANLVHAER Hy, SiHENLSETR R, Z A

n is the number of identical test pieces from one sample (25);
n &R B MR (= 5) B R RO
The highest of the relative and absolute values should be taken into account.

I 25 8RR R R AR 248 6] £ ) e KA -

A.5 Computer compatible representation of standards

A.5 IERITHEALR A R

Computer Compatible Representation of Standards Computer readable data formats
developed within the scope of the CEN/WS ELSSI-EMD offer an effective means to
overcome systems interoperability issues and enable electronic reporting in the
engineering materials sector. The findings of CEN/WS ELSSI-EMD, which aimed to
establish the viability of defining data formats based on documentary Standards for
mechanical testing, are reported in CWA 16200[42]. The guidelines that CWA 16200
describes for defining computer readable data formats based on a documentary
testing standard have been applied to ISO 6892-1. The resulting definitions are
available from the BSI Standards Resources server.

bR T FIHL A28 %5 CEN/WS ELSSI-EMD i 8 py T %2 i 1+ 501 Al 3 Hoi #s X4
T —MENFR, WRIRAGHEIEME R, HSC TR R
CEN/WS ELSSI-EMD & £ 52 2 T- UG s bl s SO Ay mr ik, H

1 7 45 B4R 15 7F CWA 16200[42]H . CWA 16200 ik it 3% F Sl bz vt s it
HHLATEEEEAR R I C R T 1S0 6892-1. 2@ U nT M3 [ fr itk W <2 (BSI)

i BT 5 R 2% 28 TR L

To demonstrate potential usage, CWA 16200 includes examples of the reporting
capability for the data formats based on a tensile test carried out using a test piece
manufactured from the Tensile Certified Reference Material CRM 661
(INGELBRECHT and LOVEDAY 2000[29]) carried out as part of the TENSTAND
Project (RIDES and LORD, 2005[21]).

AIERETER S, CWA 16200 SLF T H thf il iEZ %+ kL CRM
661(INGELBRECHT #1 LOVEDAY, 2000[29]) it ity At 47 (1) i (e 8 56 11 Bl 1
A A e SR E, %R 1E N TENSTAND %l H (RIDES 1 LORD, 2005[21])/]—#F
AT .

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

AT E MR EEE 0.1 2EXE 3 mm ZEKFIHRH.
A FIEAR

B.1 General

B.1 ;& I

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

$ T RN T 0.5 KA 5, W] HE T R IURFIR PR 4 .
B.2 Shape of the test piece

B.2 AR

Generally, the test piece has gripped ends which are wider than the parallel length.
The parallel length, L. , shall be connected to the ends by means of transition curves
with a radius of at least 20 mm . The width of these ends should be = 1,2b, , where
b, is the original width.

BE, WA TR E R ek . AT L, Ml 2%/ 20 mm
L 2 5 R A . XL SERERA = 1,2hy » Heth by 2 JRIRTE L
By agreement, the test piece may also consist of a strip with parallel sides (parallel

sided test piece). For products of width equal to or less than 20 mm , the width of
the test piece may be the same as that of the product.

L W] B B AT AR AR TILERE) . W TRESTEANT
20 mm {7, BAF R R S S AR A



B.3 Dimensions of the test piece

B.3 AR~

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

AR =R E B AR LR TR (WL B.1).
The parallel length shall not be less than L, + b,/2 .
TATRBERBINT Ly + bo/2 o

In case of dispute, the length Ly + 2b, should be used, unless there is insufficient
material.

A0 RERHCEE Ly + 2by » BRAEFEIA L.

For parallel side test pieces less than 20 mm wide, and unless otherwise specified in
the product standard, the original gauge length, L., shall be equal to 50 mm . For
this type of test piece, the free length between the grips shall be equal to L, + 3b; .

T 58 AT 20 mm BPAFLRE, BAER SR B AT, BRI L, 5
ST 50 mm o AT HKRM, FeH 2 EbKENST Lo+ 3b, .

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

MEFFAMREA RSN, NRFE B2 RAHMERA Z.

For test pieces where the width is the same as that of the product, the original cross-
sectional area, S, , shall be calculated on the basis of the measured dimensions of the
test piece.

XF R S M R R, SRR S RO wl AF & R

The nominal width of the test piece may be used, provided that the machining
tolerances and tolerances on shape given in Table B. 2 have been complied with,
to avoid measuring the width of the test piece before the test.

R &R B2 ha N T AZERTEARAZE, WA LMEAHR R brPrsn e, LU
G E AT AT A A A BE L

Table B.1 - Dimensions of test pieces
#* B.1 - AR~

Dimensions in millimetres



AN R R

Test Width Original Parallel length L, Free length between
piece bo gauge Minimum | Recommend- | the grips for parallel
type length L, ed sided test piece
1 12,5 50 57 v 87,5
+1
2 2041 80 90 120 140
3 25+1 50¢ 60° - Not defined
WA | R | Rk FATEE L, AT A 2k A B
i bo £ Ly 5 /M M H A
1 12,5 50 57 75 87,5
+1
20+1 80 90 120 140
2541 50¢ 60° s FE N

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. As a result, the properties, especially the elongation after fracture
(absolute value and scatter range), measured with this test piece, will

aty 1 B0 2 B2 —HE, 3 BHASFM Lo/bo F0 Le/bo HERAERR. Bk, H
ZAA IR BIPERE, $5 502 W RS SR (AN 7 GG ), K

be different from the other test piece types.

SHARBFA A .

Table
millimetres

#® B2 - AR A ZE RTRAZ(RALEXR)

B.2 - Tolerances on the width of the test piece Dimensions and tolerances in

Nominal width of the test piece | Machining tolerance ¢ | Tolerance on shape P
12,5 +0,05 0,06
20 +0,10 012
25 +0,10 0,12
A AR5 L mLAZ" i N
12,5 +0,05 0,06
20 +0,10 0.12
25 +0,10 0,12




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

a MR AL TS R an Bl AR (R AR FRTERE S, » TOE R B ANl
T, WEHEXE A2,

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

b R EEAFAT I RE L 03 ) 98 5 2 (6] () B R AR 22
B.4 Preparation of test pieces

B.4 A fF il &

The test pieces shall be prepared so as not to affect the properties of the sample.
Any areas which have been hardened by shearing or punching, if it affects the
properties, shall be removed by machining. These test pieces are predominantly
prepared from sheet or strip. If possible, the as-rolled surfaces should not be
removed.

RPF Al 2 REASFE M RE S B PERE . AR AT BY DI sRoh FLIMTRE AL Y (X 1, 35 52ma P A,
ROE I HLOIN T4 ER . X 5 2 h o s #1 il & . I AT R, A2 R
R o

The preparation of these test pieces by punching can result in significant changes to
the material properties, especially the yield/proof strength (due to work-hardening).

Materials which exhibit high work-hardening should, generally, be prepared by
milling, grinding, etc.

LI AL B P AT i 4 SEOP R PR R ML, AL /4 P
SEMRIE (TN TREL). — MOk, FeILth SN TOEHLRG P RLEIT BN, 61
7

For very thin materials, it is recommended that strips of identical widths should be
cut and assembled into a bundle with intermediate layers of a paper which is
resistant to the cutting oil. Each small bundle of strips should then be assembled
with a thicker strip on each side, before machining to the final dimensions of the test
piece.

T AR E AR, @IRIAR R S8R AR, FHoR T D) 1 4tk b 6] 2 4
PRI G, TEREEA /NI TR (0 e 2 RF 2 B, REAE L ] %41
B R R K



The tolerance given in Table B.2, e.g. £0,05 mm for a nominal width of

12,5 mm, means that no test piece shall have a width outside the two values given
below, if the nominal value of the original cross-sectional area, 5, , is to be included
in the calculation without having to measure it.

7% B.2 PSR A 2, BIInX T-HRFRERE 12,5 mm oA 0,05 mm , EE R E
e S A& B AR R AR S, MARFRE M E RS, WEMHK 0 958 B A1
HH LN A P ANMEZ 5.

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

B.5 Determination of the original cross-sectional area

B.5 JRIn B A AR AT 2

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).

So REMR I B AF R T (o 0 (B alii i B e WA A ohn AT RS (WL 3% B.2 BIVE a).

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%.

W5 R s AR T AR 1) R 22 AT £2% o BT iR 2 IR O Al ok R R
FERIE, 8 L A iR ZE A £0,2% .

In order to achieve test results with a reduced measurement uncertainty, it is
recommended that the original cross-sectional area be determined with an accuracy
of +1% or better. For thin materials, special measurement techniques can be
required.

AT IR A E R R IR A5 R, B Ll £1% B S RS LI 52 JR A ik
MR i TERRL, A RE R BRI B R

Annex C
Piax C
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Types of test pieces to be used for wire, bars, and sections with a
diameter or thickness of less than 4 mm

HATERBREE/NT 4 mm KZ&H . BRI AR

C.1 Shape of the test piece

C.1 AR

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

RAEEE B R LR (R E 12).

C.2 Dimensions of the test piece

C.2 B R

The original gauge length, L, , shall be taken as 200 mm + 2 mm or 100 mm +
1 mm . The distance between the grips of the machine shall be equal to at least L, +
3by but a minimum of Ly + 20 mm .

JRbbREE, Lo, MHEUN 200 mm+ 2 mm 8¢ 100 mm £+ 1 mm . {412 E 2 [A]
(FIEE B N 25T Ly + 3by » HiR/NA Ly + 20 mm .

If the percentage elongation after fracture is not to be determined, a distance
between the grips of at least 50 mm may be used.

ARSI E WSS P&, T £ A Sk B2 (] 22 /029 50 mm R S .
C.3 Preparation of test pieces

C.3 iRkl &

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

QR i AR M T A2, B EL BN G



C.4 Determination of the original cross-sectional area

C.4 R A mAR Il 2

Determine S, to an accuracy of +1% or better.
1 So M E 2 +1% BCE = RS R

For products of circular cross-section, the original cross-sectional area may be
calculated from the arithmetic mean of two measurements carried out in two
perpendicular directions.

X T B TR AR 7 R B AR B AT R A 7 A L ) b AT R I
HAFEMET AN

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

JFIEEE R AR Sy . LR 2NN, al{ER] A3 (C1) #R4E A i i e H
HIEWE:

1000 - m

p Lt (=

o

where

Hr

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

m R R, LU A,

p is the density, in grams per cubic centimetre, of the test piece material;
p AR B, CATORE AL Ty K O B

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

Ly R SIS RE, EARK A,

Annex D
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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

FEEEFTEART 3 mm KRR UL R EZREES T Bk
KT 4 mm HIZH . AR ZM BT F B iR AR R B

D.1 Shape of the test piece

D.1 AR

Usually, the test piece is machined and the parallel length shall be connected by
means of transition radii to the gripped ends which may be of any suitable shape for
the grips of the testing machine (see Figure 13). The minimum transition radius
between the gripped ends and the parallel length shall be the following:

W, AT, TR BN R S S R AR, kR T ik
ML Bl A SE TR (L E 13). i 5 FAT KR Bz 18] i e/ a3
N R

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

a) 0,75dy » H dy NPATKEBRMER, EH TR
b) 12 mm for other test pieces.

b) HAt il fF N 12 mm .

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

W RE, B, MRS I DT R

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

AR AT DGR FTE. T5. 3BT, FRERIEOUT ey LLE AR AR .

For test pieces with a rectangular cross-section, the width to thickness ratio should
not exceed 8:1.

» TR A B, BRI 8:1.



In general, the diameter of the parallel length of machined cylindrical test pieces
shall be not less than 3 mm.

—RckE, MTEREEERFTRERMBEZMADT 3 mm.
D.2 Dimensions of the test piece

D.2 A R~F

D.2.1 Parallel length of machined test piece

D.2.1 I T/E R AT KER

The parallel length, L., shall be at least equal to:

PR L MEDE T

a) Ly + (dy/2) for cylindrical test pieces;

a) BT A Lo + (do/2)

b) Lo + 1,5\/5_0 for proportional test pieces other than cylindrical test pieces;
b BT A AR AT EL R 4 Ly + 1,5,/S,

c) Ly + (by/2) for non-proportional test pieces (see Table D.2).

c) FEEEBIRTE N Ly + (by/2) (W3 D.2).

In case of dispute, the length L, + 2d,, or L, + 2,/S, shall be used depending on the
type of test piece, unless there is insufficient material.

WA BRAFFPRIAS R, RIS P Lo + 2dp 3 Lo + 24/S, .

D.2.2 Length of unmachined test piece

D.2.2 RINLTRGHKE

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



RIHL Ik Z M E KRR, LUERRIERRC 59k M F A S, MEE

B

D.2.3 Original gauge length

D.2.3 [RIGIREEKE

D.2.3.1 Proportional test pieces

D.2.3.1 EL iR eE

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

—RKUL, Ly 5IEIAREBIRIE S, i8id A~ FU(D.A)AE IR, 48 L BUEE:

where k is equal to 5,65 .

Hrh k% T 5.65.

Lﬂzkﬁ;

(D.1)

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

o, 11.3 "W HI{E k {H.

Test pieces of circular cross-section should preferably have one set of dimensions

given in Table D.1.

[58 7F B A ) e B i R 3R DL has A — R

Table
7% D.1 - B e e

D.1 - Circular cross-section test pieces

Coefficient of Diameter d | Original gauge length | Minimum parallel
proportionality k mm Ly = k./S; mm length L. mm
5,65 20 100 110
14 70 77
10 50 55
5 25 28
bb il S % &k Hid=%K | BiGwERE L = | BADFITKREL %




kS, ZK *

5,65 20 100 110
14 70 77

10 50 55

5 25 28

D.2.3.2 Non-proportional test pieces

D.2.3.2 FEHLBA R

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

GRS AR N E AT LA A AR B R

The parallel length, L., should not be less than L, + b, /2 . In case of dispute, the
parallel length L. = L, + 2b, shall be used unless there is insufficient material,

PATREE, Les ARNT Lo+ b /2 o WA UL BRAEMEBIAE, BLERTFATR

BEL.=Ls+2by

Table D.2 gives details of some typical test piece dimensions.
D2 it 7SR R R RE R

Table D.2 — Typical flat test piece dimensions

7% D.2 — $LRSPHGARE R T

Dimensions in millimetres

N E S
Width Original gauge Minimum parallel Approximately total
by length L, length L length L,

40 200 220 450
+ 0,7
25 200 212,5 450
+ 0,7
20 80 90 300
+0,5

BHE by | JREGPREEICIE Lo BPATRIE L, KB L,
40 200 220 450
+ 0,7




25 200 2125 450
a 5| g

20 80 90 300
+ 0,5

D.3 Preparation of test pieces

D.3 iRl &

D.3.1 General

D.3.1 — &I E

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

TR M RST AZ 1 & D3,
An example of the application of these tolerances is givenin D.3.2and D.3.3.

D.3.2 F1 D.3.3 &3l 7 ik 7 N AT By~ ol .
D.3.2 Machining tolerances

D32 MLTAE

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.

# D.3 e HAE, B AR EEN 10 mm ) £0,03 mm , EEREWIRAETH
B2 R e B A YRR BRI R Sy ROARBRE M E T W | R ulfF, WAL AN E
R R LA T 45 R AME 2 4t

— 10 mm + 0,03 mm = 10,03 mm
—10 mm — 0,03 mm = 9,97 mm




D.3.3 Tolerances on shape

D.3.3 FERAE

The value given in Table D. 3 means that, for a test piece with a nominal diameter
of 10 mm which satisfies the machining conditions given above, the deviation
between the smallest and largest diameters measured shall not exceed 0,04 mm.

72 D.3 Py I EE, TR BN 10 mm B FiRin T il i,
FIr il & 1 e/ LA S e K EL R 2 1R R 25 AN 155 0.04mm.

Consequently, if the minimum diameter of this test piece is 9,99 mm, its maximum
diameter shall not exceed 9,99 mm + 0,04 mm = 10,03 mm.

B, SR AR RN B 9,99 mm , W B K B &AL 9.99mm +

0.04mm = 10.03mm.

Designation Nominal Machining Tolerance
transverse tolerance on the | on shape b
dimension nominal
dimension
Diameter of machined test pieces 23<6 40,02 0,03
of circular cross-section and >6 $10 +0.03 004
transverse dimensions of test — -
pieces of rectangular cross-section >10 =18 $0,05 0,04
machined on all four sides >18 <30 +0,10 0,05
Transverse dimensions of test 23<6 +0,02 0,03
pieces of rectangular cross-section >6< 10 40,03 0,04
hined | i

machined on ;)ircllg;tWO opposite >10 <18 40,05 0,06
>18 $30 40,10 0,12
>30 <50 +0,15 0,15

EX AFREERR | AFRRSFRINL | BIRAZED

+ A%

TS e i o AR 9 B A2 A DY 23<6 40,02 0,03
TN T TR AR T A AR 1) >6 $10 +0,03 0,04
R ~10 <18 +0,05 0,04
>18 =30 +0,10 0,05
(S AE 5 R T D A8 T R i 23<6 +0,02 0,03
A R ) RS >6< 10 +0,03 0,04
>10 =18 +0,05 0,06




>18 $30 +0,10 0,12

>30 =50 +0,15 0,15

Table D.3 — Tolerances relating to the transverse dimensions of test pieces
Dimensions and tolerances in millimetres 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, L., of the test piece.,

% D.3—— 5P A RO R 2 22 ST R AZ (RALEEK) a WRTE S IR 4

AR EAE I TS R R R R R, Sq TR I B A A 1 R
W& H e 22 . WEARAFFE XN T A 22, Do 2500 i B S S il AF . b v

PR TATARRE L, U5 A48 e o 1) RST8] ) i R Al 22

D.4 Determination of the cross-sectional area

D.4 FREE ARAI M E

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.

b T [ TR AR T A0 PY L ¥ 285 hn T FLiG /2 3R D.3 AP e HH 2 22 I R T R AR T AU F
A RLAE I BRBR R R T B S, o 0T B AR A, RO I 2 R A
EitHEERETIA, ARRHR Z AT £0.5%.

Annex E
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(normative)
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Types of test pieces to be used for tubes

B BT A R R R

E.1 Shape of the test piece

E.1 A FER

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

AT LR —BUE M, BRE R BB L DIF T Sl i B A7 8 BE 4 T3 BE 1 0 1) B 1) 2%
(L 14 A0 15), s A A BE D T ple A [BA] FE2 Ao il T St 1

Machined transverse, longitudinal, and circular cross-section test pieces are
described in Annex B for tube wall thickness less than 3 mm, and in Annex D for
thickness equal to or greater than 3 mm . The longitudinal strip is generally used for
tubes with a wall thickness of more than 0,5 mm .

T EREERE /DT 3 mm BFER, MTERRE. HafEEESmRrEENRS B
bR, M TREEETERAT 3 mm W, D iR, HmEirim
HWH T8 KT 0,5 mm [FEH .

E.2 Dimensions of the test piece

E.2 AR~

E.2.1 Length of tube

E2.1 BMKE

The tube length may be plugged at both ends. The free length between each plug
and the nearest gauge marks shall be greater than D, /4 . In case of dispute, the value,
Dy , shall be used, if there is sufficient material.

EMPm T A . A EE S RO AREEARIC Z R H KRR KT Dy /4 . W
HEFW WREEBHIME, N Dy XAEH-



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

G EEAR T [ _E0f R IR R R BEANRGETL D, HIBARB A PR AN 2= T
Pobr R B AR TE .

E.2.2 Longitudinal or transverse strip

E.2.2 2 [ B ) 2%

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

) 2B TATIREE Le ARLIE R, H 3L HSAT LU R BAEAE B30 AL e 55 o

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

Friftzc B MMtk D P&y B RS 4h, B s a4 0 RST I 7277 ah b e oA e .
Special precautions shall be taken when straightening the transverse test pieces.

ek A RN S B E 7 ST

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

E.2.3 BB EFHIIN LK BB R

The sampling of the test pieces is specified in the product standard.
P A HOREAE = Sl b o o .

E.3 Determination of the original cross-sectional area

E.3 JRIGBRAERTH AR A9 €

S, for the test piece shall be determined to the nearest +1% or better.

AAFRY So RERS I B BRI H) £1% BOE &R



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):

B e B ) SR FE I IR AR R A AR S, (A AP EK), WRIES I E
R R L, Al A 5 (E. 1) B g
_ 1000m

T ply

(E.1)

4]

where

A

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

m AR, AN

p is the density, in grams per cubic centimetre, of the test piece material;
p NASFPEEH R B, AL SE RSy K

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

Le AAfFRUEACRE, A EK,

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

EE M [ 1 2 e A Y SR AR A i B S, » A% 2 (E.2) T 55

b bz b b
Se= f (D2 - b)V? + Toarcsin (D_G) - Tﬂ [(D, — 2a,)? — bZ]1/?
o

D, — 2a,\? b
= (%) arcsin (DU—_GZ{ZIG) (E.Z}

where

A H

by is the average width of the strip;

by Fyak it B350 L

D, is the external diameter of the tube;
Do JEM ST

ay is the thickness of the tube wall.

() %%EE;ED



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

ARESEMIMEZ R T RO RER, i fF T fifk 22 5 (E.3):

b3 . bo
So=0a,b, |1+ 6D. (Do — 2a.) if D_.:, < 0,25
5. =t.b; if — < 0,10
D,

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

ST EFHIE, BRI So BARSR A SU(E.4)iH T
So =mag(Dy —a,)  (E.4)

Annex F

ff3% F

(informative)

(BHRHE)

Estimation of the crosshead separation rate in consideration of
the stiffness (or compliance) of the testing equipment

% RS B A I B (BRER B )+ Sk A B R A B

Formula (2) does not consider any elastic deformation of the testing equipment
(frame, load cell, grips, etc.) during the application of force to the test piece. It is
possible to estimate a compensation for the deflection of the testing equipment by
using the stiffness of the test piece at the point of interest (e.g. Ry, 5 ). If the point of
interest is beyond the elastic range (e.g. R0 ), the use of the stiffness of the test
piece during the elastic portion of the stress strain curve will result in a grossly
overestimated correction. The stiffness of the testing equipment shall also be known
for the grip configuration and grip separation used. For some configurations, the
effective stiffness of the testing equipment may increase substantially as the grips
bite into the test piece during a test. It is imperative that the stiffness of the testing
equipment be evaluated at the point of interest.

A R2)ARF SR BN A AL FE b IR B (HEZE . AR ideds . A
AR SAE AL TE . AT LA I M i A P (VTP BE (0 Ry ) A A S ik 5
PREERIAMEE(E o n R it SR T R (B 0 R ) TE L) B2 AR o 28 H 5401



Fl o 1 P A A W BE A 2 B IE (B 4 7™ S il . 0 T B 9 e AL e B A0 e B[R E,
AR AN RN O W TRERCE, ENRAERES, BERAAF, W
BB B A R B A BE 2 KRN o 2B R P oAb 1 3K 12 5 O I

If desired, use the following procedure to calculate a crosshead separation rate that
is compensated for the deflection of the testing equipment during a test, using the
stiffness of the testing equipment at the point of interest and the slope of the stress-
strain curve at the point of interest. It is recommended to check the resulting strain
rate at the point of interest while doing a test to ensure that the calculation has been
done appropriately.

QRTEE, AT LA BRI R B A, S T AR AR Bt
PR RERME (o P B A SR B 528 1T PO S AR BNl o Ak 7 7 7 T 2 P R
AL AT AR £ T PGB i A I RAE R ER, U R SR .

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

TR GER f AT a], DA SR m i R R R AKX (RS H (WS % L
1ik[39]):
UC
m- S
M

ém =

(F.1)

where
Hrp

is the crosshead separation rate, in millimetres per second;
Rt Fk i EiEE, PR,

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

SETERER 52 I 28] (19 AR RS D4 80 Rpp WHE) RS- I F 4 L B 2RO,
ik mA;

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

So AEFUGRTE AL, AT 5K

Cy is the stiffness, in newtons per millimetre, of the testing equipment (around the
point of interest such as Ry, , if stiffness is not linear, ~e.g. when using wedge

grips);
Cy AR 75 (FEIR PSRy PIAT, G0 SRMIEEAS 2R 11, {51 e FE BL T e
BI)AIRIEE, S -ty oK



L is the parallel length, in millimetres, of the test piece.
L 2T AL, AL A%EK.

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

FEASREASE T NE 77 / B2 28 HH 28 28 1 B 5075 HH D m A Gy {HL.

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]):

ARR)AFMEZEREm (W 10.3.2.1). 2l kA #8imlknt, fEHMA
K (F.2) 15 112 k4 B 38 (W2 % SCHR[40]) AT LA BE 7 i oL 7 (1 97 28
m- S

e (ﬁ + Lc) (F.2)

For using Formula (E.1) or (E.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 .

AT EH~K(E)E(E.2), A LB HEEAEH A BN S & (N E ., W%
BEAR . FRNAF R e B RE)HINIEE Cy « LU N APBEE IRAE S SCRR[53] P ik, W]
HEPERIEE Cy HYIEHE -

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:

(A CRIEBEE + 7k EEE, W5 ESEEMNAMERAHE R LT
R B AT IR RS L 25T 52 DL R B4

¢ from the stress/strain diagram, the slope m around the point of interest;
o NREF/RPEREIT, RO AR R A m

¢ from the percentage extension/time curve, the resulting strain rate around
the point of interest.

o AT 53 EEARR 2 /0 (] ) 28 75 S 60 o o) L 1) 2 4

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

BLAE T LU 23X (F.3) MR Gy 324 3 (F.1) B (F.2) #E AT F#ok i 5ENI B .



m-S,
CM — V. - (F-3]

: c
€m

This procedure should only be used for materials with no discontinuous yielding
behaviour in the relevant range. For testing materials which exhibits discontinuous
or serrated yielding, the knowledge of the stiffness is not necessary because the
estimated strain rate over the parallel length, é; and the simplified Formula (2) (see
10.3.2.1) instead of Formula (F.2) should be used for the calculation of the
crosshead separation rate v, .

AR A Y T AEAT GG B N E ] b e AR AT A ke 53 T3 22 30 4 1] 40 i
WA, BT ATET BN, FARAER AT BT R ¢ A
b 23 (2) (W 10.3.2.1)MHEAR(F.2) KRB+ 53k 0@ iE £ v, .

Annex G

B3 G

(normative)

(AL tE)

Determination of the modulus of elasticity of metallic materials
using a uniaxial tensile test

{5 A B i e R I 2 & R AR R SRR IR B

G.1 Background

G.l1H®

Although ISO 6892-1 requires the generation of a straight line with a given offset
parallel to the linear region of the stress-strain curve in order to determine the
specified proof strength, R, , of the material being tested, most users usually assume
that the slope of the linear elastic region of the stress-strain curve corresponds to
the modulus of elasticity of the material being tested since the modulus of elasticity,
E , is given by the relationship E = stress/strain. However, in general, the Class 1
extensometer required for the tensile test is not sufficiently accurate for measuring
the very small strains in the elastic region with sufficient precision to give modulus
values with an acceptable level of uncertainty.



A 1S0 6892-1 ZERA Bl 2% 5 Wi b R 77- 38 26 ) 2 1 X 3147 LAY
26 e RS AN Bk, LU B S BB A R LR PR EE (R, ), (HRE A
FUEH AR - AR i 2R 2R A 55 1 DX I R 20 ST alR R st i R, (A
AR (E YD/ NAR KRR (E = )4t AT, —okil, ffiiks R & m
1 28 51 AT R o 00 B 588 P X sk b AR /D O R AR LSS B R 52 AN PR
MRS, FEAE.

[t is not required to use this annex to determine the slope of the elastic part of the
stress-percentage extension curve for the determination of proof strength.

TR E R 5E SR LI I w5 (o8 P A B SR o 2 A7 -4 36 i R R 1 BB 20 O AR 36

An additional description of the determination of the modulus of elasticity by tensile
testing is given in ASTM E 111 [52]. For information, see also SEP 1235 [43].

ASTM E 111 [52]vh &5 T ik (o 08 Wl /2 st L A PRI e B . Il THRTE £
{58, 5 SEP 1235 [43].

G.2 General

G.2 =M

This annex contains additional requirements for the determination of the modulus
of elasticity using a uniaxial tensile test. This test method is limited to materials
which meet the following criteria:

25 Bt B 7 0 P B (e G 0 s SRR O B R . AR TR R T 5 B
TARAERI AT

¢ negligible creep effects of the material in the evaluation range;
o EVf AR O A S A

¢ sufficient straight line in the elastic range of the material in the evaluation
range.

o FEVEAVE Bl A RHE I LA A LB B 2R

These requirements are related to the design of the testing equipment, the test piece
and the evaluation of the test.

REESR G A WA B BRI R

The modulus of elasticity is a characteristic material property and is used for the
calculation of the elasticity of products and components conforming to Hooke's Law.



SRR AR — R e, T O R S W v R 7 S AN SR A A

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

FERCIAE, TSI R PR e, el A S R 2 o AT
G.3 Testing equipment

G.3 flik & &

G.3.1 Accuracy of the testing equipment

G.3.1 WA B A HIFRE

G.3.1.1 Force-measuring device

G3.1.1 M KR

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

RIS LA A7 2 G AE A STl N R AT & 1SO 7500-1 brifEf) 1 288K .

G.3.1.2 Extensometer system

G.3.1.2 5|+ R4

The extensometer system shall be in accordance with ISO 9513, class 0,5, in the
relevant range.

ST 2R GEAEAR TG Bl A MEAF 5 1S0 9513 itk 0.5 4.
The strain shall be measured on opposite sides of the test piece.
S A I AE T AP B o O A A 0

The use of a large extensometer gauge length (e.g. = 50 mm ) is recommended.



EEUUE AR A SR TR EECBE (140 = 50 mm ).

G.3.1.3 Resolution of the testing system

G.3.1.3 MR RGP

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

TR R G ) 0 5 8 A LAAE U fil 90 B 9 R A5 2220 50 A (5] ) 2 el i

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

G.3.1.4 ATHEMRAFRTHUERE

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

PV -0 5 DR A A Ak T A 00 st 4 7 4 JRUE e AT Be e, HWTIEMER
FMERG & RN CRAL BT I 2R o AL T 2 {E 10 +0.5%.

G.3.2 Method of gripping and alignment

G.3.2 I S5 XF A iE

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.

e iAo T e R A E R EE . TR AR ER, W 102, W
EHL(EE, N ASTME1012. IS0 23788 il H L HHEE.

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

HEUE R B (AN B e LI, BLSEER RAFAX



G.4 Test pieces

G.4 iAFE
G.4.1 General

G.4.1 — i HLE

The test pieces shall be straight.

AAERLE H .

NOTE Bent or twisted test pieces cannot be tested according to this annex.
V< 25 it AL phh ) BURE AN 4 TR AR B S 3R 4T 15008

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

BURE R IR B AE T AR mi iR du 45 R AR .

Where residual stresses are present in the sample, as a result of either prior
processing or sample preparation, the modulus values determined are sometimes
not representative of the base material.

b 3R b F S Hir BN TR &, R R TE R AR R, BTN E B A A
REARE AR -

G.4.2 Determination of original cross-sectional area

G.4.2 [Ria e A AR BBl

For the determination of the original cross-sectional area, see Clause 7. In addition
to the requirements in Clause 7, a minimum of three measurements for each
dimension shall be performed. The original cross-sectional area, S, , is the average
cross-sectional area and shall be calculated from the measurements of the
appropriate dimensions. The original cross-sectional area shall be determined with
an accuracy of +0,5% or better.

SRR AR A E B 7 %% BREE 7 FMELRAS, AR E= D MHET =00

. JREEREEIE AR S, 2 PRI, RORHE 2 R IR T A . 5h
R A B E RS EE RN £0,5% SR .



G.5 Procedure

G.5 R B

G.5.1 General

G.5.1 — L E

If the stress-strain curve up to Rgy or Ry 5 is not known, a pre-test in advance of the
measurement of the modulus of elasticity shall be performed.

AR E S Rey BR Rpyop HINEF)-RZR 2R S0, 70000 5 5 M 8 2 Wi T SE 1EAT —

G.5.2 Setting the force zero point

G.5.2 I E LKW E

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

F% B E RAZ IR 10.1 34T .
G.5.3 Testing conditions

G.5.3 RI &4

G.5.3.1 Testing rate

G.5.3.1 AL 2

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.

SHi ik 5s il g i H A AR b, SRR E TR EH R A KFUR . 00 E FE N
A A URE 1. R R B AN H AR ER.



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

S R ] GEAAR,  LAREIRTS 2047 T o AR de A
A constant crosshead separation rate may be used to avoid any discontinuities.

AR AR E B 17 Sk A B A, LG S th BUEAT A E S L

G.5.3.2 Data sampling frequency

G.5.3.2 ¥ E RPN R

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

RO KRS 3 £ M PRAEARSCTEF (R, Ry) N 23R 50 MIEAA.
The minimum data sampling frequency can be calculated by Formula (G.1):
/N R BT 2 AT I 2 3G 1) B

_N-E-é
Ry — R

f (G.1)

where N is the number of measured values in the relevant range.
e N A SGTE B A I

For steel with R; = 10MPa and R, = 50MPa and a testing rate of 0,00007 s~!, the
data sampling frequency shall be greater than 18 Hz.

X1 HA Ry = 10MPa il R, = 50MPa Hi %% 4204 0,00007 s= (184, Hidfi i
PRSI BK T 18 Hz .

G.5.3.3 Testing procedure

G.5.3.3 KBERF

If the test piece will be used more than one time for the modulus determination, the
applied load shall not be greater than a value corresponding to 50% of the expected
Reg or Rpyg 2 -

QUSRI R4S 2 O TR e, DB P AT AN LT X BT 5 Repy K Rpo 2
1 50% B %



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

A, BUGHTRBEEEWNER B A,
G.6 Evaluation

G.6 P

G.6.1 Averaging the extensometry signals

G.6.1 #5511y

The average strain, necessary for the calculation in  G.6.2, is calculated for each
stress value by averaging the strain from the opposite sides of the test piece.

1E G.6.2 TS AT A I F YRR, i ik e 38 £ AE X Pl 1 B2 AR il AT 88, NG
AR A TR ).

Strain data 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 further information, see ASTM E 1012. Additional helpful
information can be found in 1ISO 23788.

AR S [ PAG  € 10 T R N | 2 W i BRI R A 7 s - O T ) P B R N
FMARHEHNES. BELEE, l§Z W ASTME 1012. 1€ 1S0 23788 k3@
LHAER.

G.6.2 Calculation of the modulus of elasticity

G.6.2 K ERTTH

For evaluation of the recorded data, the following interactive method is
recommended.

AV IE S EE, HUCRH LT R B,

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.

IR TE T R R VI ) dp R A0 2R AT HE 0 E (/D —3ieik), B i B
B 5 SE PRl & S £ 2 0] A UL AC AT R B AL 2 BN A W0 O Y 2 B
. Bk, B EASTXX-Y BETF .

The use of this method depends on the availability of suitable computer software.
TR O TR TR 75 il W o SR

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):

REPESLARRE F{E Ry FIRLRINEAIH Ry 2 MAVHEAT L7068 R AR A 2844 81 VA (G.4) (814
AR (E e, A e, ):

E-e
100%

+b  (G2)

where

o

R is the stress in megapascals;

R 72 AJEWE Ny BT B B A7 5

E is the modulus of elasticity in megapascals;
E i, Ayl

e is the percentage extension in percent;

e 7 LAY 43 Fe R B A ) A 22

b is the stress offset in megapascals.

b 2 LAJE IR g 5 (Y B ) (e i

The straight line determined in this way shall be drawn into the stress-strain
diagram, whereas the initial part of this diagram is magnified for this purpose. The
match between the straight line and the curve shall be evaluated visually. It can be
useful to consider the coefficient of determination R? , which should be close to 1
(0,999 5), whereby the number of considered data points should be at least 50.

DA A5 20 ) ELER B2 ) AR 7] - REAE B b, itk iz BRI 2 BB . R
IERE AL E VAL FLZR S th 8 2 A AULEC L. HREVUE RELR? AlRe A AL, K
R 1(>0.9995), A6 B EIE S im0y 50 4.



Another helpful tool is the calculation of the relative standard deviation. The relative
standard deviation takes into account the coefficient of determination R? and the
number of considered data points among other statistical data. It should be less than
1 %.

AN AT RZANbRERZ TR . AR 2 R AL GRS, T %R
HRE R AR R HE A E0R . KRN T 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.

AL # B B R B e (B A N HURT TSR 5, T DU A 0 & R (B s PR A i)
fH £ 4H 3 C -

The following values are recommended as starting points for the regression
calculation:

B LA M ESE RS TS ARG A
— lower stress value Ry: = 10% of Rey or Ryg 7 5
— BUERFLJIE Ry: = 10% N Rey B Ry 2 5

e upper stress value R;: =~ 40% of Ry or Ry 3 -
— L RLSIE Ryt = 40% 9 Reyy B Rpyp 5 -
Additionally, the strain offset can be calculated according to Formula (G.3):
BeAt, AR ES vl AR 4E 2 30 (G.3) T B

X(y=0) = _?b (G.3)

Under optimal testing conditions, the chosen default values will not have a great
influence on the result of the calculation. Example: if the material fulfils the general
conditions described in  G.2 and the determined default values R; and R, are 10%
and 40% of R.y or Ry, 2 , respectively, a re-calculation of the formula by using

default values inside the determined interval (e.g. 10% to 20%, 20% to 30%, 30% to
40% of Rey or Ry 2 , respectively) will not influence the result significantly.

TEBAENER AT, Pt BAE XSS B A K. # R A RS 4 G2 f
Ak — A 5, B MERIE Ry I Ry 435124 Rey 19 10% 1 40% 5K Ry »
) 7 9 5 B4 DX 18] P s BRDAE (81 43 518 10% % 20%. 20% % 30%. 30% %

Ren 111 40% 5 Rpo, JEFTTHE A RA XG5 0™ 4 R 3F i m

In cases where the material exhibits no straight elastic line, e.g. castiron, or the
data for the regression is not of sufficient quality, i.e. R? < 0,999 5, the modulus
of elasticity should not be determined.



ANRAPRRAT BLEGE SR, Bk, o EAEHEREA L, B R? <0, 999 5,
DU A L S 4 A

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

A I RE B 1 & 25 A SR R B AT S AR

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

FIEMZH AT AN DG, e HAS R A H E R TL AR .

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

A At Z = T AT Bt s ] T R e AR
G.7 Measurement uncertainty

G.7 MEAHEE

G.7.1 General

G.7.1 —f&EM

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.

o T et RO, IR R BER S T AT R CWA 15261-2:2005, A5 [9]ak
AR K 317,

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 relative estimations. Therefore, the relative estimations
normally will not change. Exception is the relative measurement uncertainty budget
for the strain measurement. Because of the small extensions during the test in the
elastic part, the absolute uncertainty of the strain measurement is relevant for the
uncertainty contribution (according to ISO 9513).



T ARYE CWA 15261-2 Xl B A 52 BER AL TH 3 T 4B %08 . an B il ik R ~F el gl
i FREEAC FEARTR], X £ S ECEAS TN 8 BE TS R TEAS [E) . R B % K %)
I AN o A TR T AR A . B, AR AR A S SR, w4
b0 e N i = N A O o ¢ B L 70 T 2 T s O G R o — 5/ N  : n E LR
AT 2 FE 5 AN E BE o aik A ¢ (R 48 1S0 9513).

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

G.7.2 {#B#8 CWA 15261-2 {51 I EARFIEE

G.7.2.1 General

G.7.2.1 —&IFM

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

FEAE CWA 15261-2 HH, 55 Lo FITHRBEREE,  my FAT 70~ 42 58 44 A 011
A N T EARE-HO LSRG (S CWA AF), 5 L HT gl fitbri
K, Sg AT A1-f i dh R 4 3 73 O 4 22

The measurement uncertainty according to CWA 15261-2 is given by Formula (G.4):
R4 CWA 15261-2 FIIE A & BE B 23 :0(G.4) 45 th:

2 2

() = J(ﬁ—) s+ () wwo+ (-2 sy 6

So So 53

where

Hr

L. is the extensometer gauge length;
Le 2&5iHFREECRE

Sy is the original cross-sectional area;



So Fe SRR ;

Sg is the slope of the force-extension curve;

Sg e JI-fHHK Hh 2R R

u(Sg) is the uncertainty of slope of the force-extension curve;
u(Sg) s -G i ZERER AN 2

u(L.) is the uncertainty of extensometer gauge length;
u(Le) A5 THHBREE A E 1 5

u(Sy) is the uncertainty of original cross-sectional area.

u(Sp) #& FRAR B B 1 AR 2 FE

G.7.2.2 Example for the calculation of the measurement
uncertainty

G.7.2.2 M B 2 i+ EH B

Table G. 1 shows the results of an example for the measurement uncertainty

according to CWA 15261-2 for a measured modulus of elasticity of 186,7GPal54l
based on the following data:

% G.1 25 H THAE CWA 15261-2 AT LU 2B 0175 14 186,7GPal54] (ki &
BEAT I B AN E T E I — A 4 R

Le: 50 mm
So: 78,5 mm?
Sg: 293,07kN/mm
u(L.): 0,144 mm
u(Sy): 0,785 mm?
u(Sg): 0,064 KN/mm

u (E) = \/0.6372 - 0.064% + 3.7332 - 0.1442 + (—2,378)2 - 0.7852
=19GPa  (G.5)

Table G.1 — Uncertainty contribution, example 1 according to CWA 15261-2
% G.1 — 4% CWA 15261-2 AN E B TRk, =~ 1



Parameter Sensitivity coefficients ? Uncertainty contribution @
Le 0,637 mm™1
So
u(Sg) 0,064 X
IT1Im
L 3,733 -
So T mm3
u(Le) 0,144 mm
Sgle kN
52 -2,378 —
u(S,) 0,785 mm?
HE(E)b 19 kN
"~ mm?
a Values are given for information only. b g u.(E) is calculated according to Formula
(G.5).
4 REUZLRH ANy 5E FETTRR @
Le 0,637 mm™?
So
u(Se) 0,064 <
mim
ol 033 kN
So T mm3
u(Le) 0.144 ZX
Sgle kN
52 -2,378 e
u(S,) 0,785 mm?
u (E)P 19 kN
" mm?

a Ut SEE. bgu(E) BIEARX (G.5) iHHEBH.

For a 95% level of confidence, the combined uncertainty shall be multiplied by a
coverage factor, k = 2 [see Formula (G.6)].

X 95%M EAS K, & A EEMIELLE FET k=2 [WAK(G.6)].

U(E)=k-u.(E) =2-19GPa = 3,8GPa (G.6)

This is 2,0 % based on the modulus of elasticity of 186,7 GPa.
T 186.7 HMMMMERE, A 2.0%.




The result of the test for the modulus of elasticity is: 1
2,95% confidence level ) .

SEPERL IS5 S N: 186,7GPa + 3,8GPa(k = 2,95%

86,7GPa £ 3,8GPa(k =

confidence level ) .

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

KRR, EEEAKFN95% i, FRPERIE ) ITEAE 182.9 HIHE 190.5 FiHZ

[ o

G.7.3 Estimation of the measurement uncertainty according to

Annex K

G.7.3 IBEMFX K HENEAHEE

Table
modulus of elasticity according to Annex

G.2 indicates the uncertainty contribution tha
K.

t should be considered for the

R G2 Y 7 HRAEPN 3 K R R8 A 3 MR AR B AN 22 B TR

Table
7% G.2 - IRIEM 3 K B EE R, o~ 2

[ ]
and Sy should be considered.

o SHIMERMZH. bS, H1 S, M S, Ak, K

G.2 - Uncertainty contribution, example 2 according to Annex K

Values are given for information only. b S, consists of Sy and Sy , therefore S

ADE 70 T

Parameter Uncertainty contribution ¢ %

Standard deviation of slope S, fen 0,2
Standard deviation of X-values of the X-Y graph, Sx™¢ 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

- Values are given for information only.
B AN RE BETTRR ¢ %

R FIPRAERZ S nfren 0,2
X-Y B X AR R ZE, SkPe 3
X-Y B Y AP Z . Sy 1




Sl PR E, L, 0,5

FIRRAERm A, S, 1

- R AHNENH TS,

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

o RABMHAAFIERCMEKE, DA B XA 0.5 &5t A 1.5 pm).
: AR = 200MPa, E = 200GPa, L, = 50 mm 5 H &5 0,05 mm .
f A 1,5um F{RZE R Z (0.5 HoHIHFIEX{E), A EETTEN 3%.

The combined uncertainty for the modulus of elasticity, expressed as a percentage,
is given by Formula (G.7).

PR ER S RATER, BE R, BAKX(GT)4 .

@= [(Z) +(2) +(2) + () +(2) =19% @2

u = = e — —] =1, :

* va/ “\3) T\al T3 T\ '

For a 95 % level of confidence, the combined uncertainty shall be multiplied by a

coverage function, k = 2 [see Formula (G.8)].

T 5% EE KT, GHATEENEEL —MEGRET, k=2[Ra(G8)].
UE)=k-u(E)=2-19% = 3,8% (G.8)

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

S PERBLE R 25 B2 (186,7 + 7,1) GPa (k = 2,95% B15/KT)-

This means that, with a confidence level of 95% , the true value for the modulus of
elasticity is in the range between 179,6 GPa and 193,8 GPa.

XM, X 95% MBEMEACET, #pkfiEn B9 {iF 179.6 GPa & 193.8 GPa
2 Id],




G.7.4 Proficiency test

G.7.4 R 1 AR AL

A proficiency test "Young’'s Modulus" was performed and the measurement
uncertainty for all participants was determined. An measurement uncertainty for
the determination of the modulus of elasticity between 1,2 % and 5 % (at 95 %
confidence level) is appropriate [54] .

AT T W “BHREE” BARIERE, e T ES5FNNEATHEEZ. X
FRMERCRIIIE, 1.2%% 5%(95% B 15 /KT i & A5 e B il 154,

G.8 Test report

G.8 R

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

MR A EE 22 % )& NEKRMELR. st EREFHLTEER:
a) type of extensometer system;
a) 5 it RE A,

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

b)ERA N S Ry A1 R, (B4 MPa) Bk ERIA N 2R e, 1 e, (BA07 %)

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

c) VA T [l P9 I B B (FE Ry IR, Z (B8R ey Ml e, Z[A]);

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

d)B PR E (P00 GPa), RiHEHE 1SO 80000-1 PU4r N\ F 451 0.1 GPa:

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

e) I B ANHSE FE, 4% BASACT (P61 2R GPa) lifi s /712 (CWA 15261-2:2005, A.5
=% G.2);



f) coefficient of determination R? of the best fit of the straight line or standard
deviation Sy, (in GPa) or relative standard deviation Sy, ey (in %).

f) EL& i AU 5 B TR E R B R? BUbRHE R 22 Sy, (BAA7 28 GPa) BUAR M BRI 22 Sincren
(HR07H%) .

G.9 Additional considerations

G.9 HAhyEEEM

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.

— R, AEBLPRTE AR E B R AT SR, BRARAE AR IR0 R T 1 5
it R4, MMl T A E SR R RS TR i A ] 5]
THER G, HB AR AR 38 AN G o B T - 30U A 0 Y R 4 it
=.

G.10 Other methods for determining modulus

G.10 i E AR & B FHAR 7 v

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

ARG R E P | T SR R T, AR AR T, ke s
Ak, HEohEEL. EE{E R ESE (171U X [44] £ [46]H Kk F.

G.11 Uncertainty and reproducibility

G.11 e B E I

Full uncertainty budgets are not included here but procedures for estimating
uncertainty based on the GUM* associated with modulus measurements have been



developed as part of the European UNCERT project, both for tensile testing[42] and
for dynamic measurements|[48].

X EREE S BINAEEHE, (E/ENRKH UNCERT i H ) —&5r, C&IFA
TR SRR EARSCN GUMM kbt e R, & TRk [42] 0
B 5 [48] .

Reproducibility of modulus measurements based on 2 times the standard deviation

(s) from a series of tensile test inter-comparison exercises, collated as part of the
G.3 [45].
B A A X 2R ) rh 3 s bt AR 22 (s) MO B 0 A, RN
TENSTAND i H () —#& 4334T T 82, HS45ER G.3 [45]%.

TENSTAND Project, are summarized in Table

Table

elastic line, respectively

2% G.3 - PHPA TS AR 7 33 g ¥ P e 3 i 2 R

G.3 - Overview of round robin tests: modulus of elasticity or slope of the

Reference Authors Year | Material Reproducibility
(£2s) %
Testing Materials of Unwin[50] 1910 | Mild steel 2
Construction
VAMAS Lord, Roebuck and | 1995 | SiC/Al MMC 6
Orkneyl51]
BCR Tensile Ingelbrecht and 2000 | Nimonic 75 12
Reference Material Loveday[29]
CRM 661
TENSTAND WP3 Lord, Rides and 2005 Various 5-25
Modulus Loveday[49]
Measurement
TENSTAND WP2 Lord, Loveday, 2005 | Various - 1-6
ASCII Data Files Rides and McEn- ASCII
teggart [22] datafiles
e Ve Year M HILME(£25)%
ST K enii[50] 1910 | RGN 2
HERitEFAMEG | Bl PERME | 1995 | mikE/m 6
HEPRAESAIE 5 VE 7N AR[51] e Y REgvE
it
BCR HiffitnEYIfi | Sk /RAndhiAmdssf | 2000 | JESJETN 12
CRM 661 B Kii[29] 75 5%
TENSTAND WP3 # | 818, HiziAnigk | 2005 & 525
il i1 [49]




TENSTAND WP2 | &ffi. #Jeifi, #i | 2005 | & Fh-ASCII 1-6
ASCII i3 s { 25 3 AR o SO
[22]

The majority of the results reported above were based on the criteria laid down in
[SO 6892 or the equivalent earlier standards. It should also be considered that the
aim of several tests is 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 mg was
determined with the aim of evaluation of R, ; and other properties and not to
determine the intrinsic material property modulus of elasticity E . If double sided
high resolution Class 0,5 extensometers are used as specified in this annex, the
uncertainty of measurement should be less and the reproducibility much better.

IR 00 2 B 2T 1S0 6892 #E M bRk el 35 2 - i brrtE . 3L =5 &
B, — IR B B E W R Bl se PERE(HI 4, 7E TENSTAND WP2 14
i ASCII #c##54E) . DR, (A VIl 7S Y 1 9 RS REAT BRI SR i 1 51 it
FrAE 1 RS- SR h 2 B A R R me . H AR VPG Rpo, FRILALYERE, T
AR EM R E G R E E . 0 SR IR AR 3 R E 156 R AT 1
0.5 It WP EAEERNE A, HIHEMEFRL.

[SO 6892-1:2019(E)

SO 6892-1:2019( 5 3 hix)
Annex H

ffs% H

(informative)

(R ALE B )

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

MEMEEPNT 5%, WMEHREHFKETTL

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

IR AN T 5%, WICEREWR G MR G 5 B NS 15 56 -

One of the recommended methods is as follows.




W2~ .

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

BUBSHT,  BLFEF-4T A Py R A AR /D bR . R — R E bR Y
RO AL, Dibmic A ROR —iEIER . MRS, PR RS E s R,
FEREIN R ) 46 7y, SR EI AR TN, 2% ) R RATE I B o e 2R [ e
FEAE— . BRJ5 ML AT FE T I 2 A f 0 B o AR R H M R 2B AR 1R 5 2k R, O
P & P B A S @ B (AR B SR KR Z I AER . O T 4 RRRE & T
MEE, AE SR AR LR — = A py JR

Annex |
bt —
(informative)

({5 2 /)

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

BT IR mtrea g o R 5 M KR E

[. 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:

L 1 Jyigt G b AR OIS L b R 6L B AR 15 20.1 e 561, (BFEAREEIRRE R A 58
IR ARE, AR LU T ik

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

a) TEMRAT, 1§ REPRIEEE Ly 4050 8 N DRSS 5 mm (HE#)ZE 10 mm ;



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

b) iS5, MMFS X i LibsiEtsid, AfHS Y onal it
g ESERIC X BRWrRAL B A R A bR ER BRI .

[. 2 If n is the number of intervals between X and Y, the elongation after fracture is
determined as follows.

L2 QR n 2 XY Z[EFEBEE, W35 ISR % LT i .

a) If N — nis an even number [see Figure 1.1 a)], measure the distance between X
and Y, Iyy , and the distance from Y to the graduation mark Z, ly; , located at
(N —n)/2 intervals beyond Y .

a) WER N —n Z2WE [WE  L1a)], W& XY, ky ZFRIFEER, PLEMY BT
Y Z 5 (N = n)/2 [8IB@ AL I ZI AR Z, byz IR .

Calculate the percentage elongation after fracture, A, using Formula (1.1):
FERAXCDHENREHKETG T, A

I -
poXEF2hy — Lo,
Lo

100  (11)

b) If N — n is an odd number [see Figure 1.1 b)], measure the distance between X
and Y and the distance from Y to the graduation marks Z' and Z" , Iy, , and lyg,
located respectively at (N —n — 1)/2 and (N — n + 1)/2 intervals beyond Y.

bYW N — n RAFE[AE L1b)], WE X MY 2 A FIFEE LR Y B4 367 T
HYBIW-n—-1)/2R (N -—n+1)/2 @RERREFRICZ 27 Iyy MLy
FIEE S

Calculate the percentage elongation after fracture using Formula (1.2):
2 A (L2) i BT R 3 | o L

A = ixv + EYZF + IYZO- - LU
Lo

.100  (L2)



—
B |
| + | | - | I-I-|
L_)“ ———
" (N-n)/2
X ley Y ke Z

a) N - nis an even number

N

[ Wff_j

ﬂ_+ DA N 4—} |
L_JL- - |
n (N-n-1)/2
Iy N e _l

P

[

|
X Y YANAN

b) N - i is an odd number

Key

i

n number of intervals between Xand Y

n X NY ZZ 6] 1) 6] b &

Nnumber of equal lengths

N 5B

Xgauge mark on the shorter part of the test piece
X A b B FREEARE

Ygauge mark on the longer part of the test piece

Y RO IR R SREE bR



Z,Z',Z" gauge marks

Z,Z',Z" britric

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

Figure 1.1 — Examples of measurement of percentage elongation after fracture
P 1.1 — W3 E i3 F 2t B R )

Annex ]

i

(informative)

(BERHE)

Determination of the percentage plastic elongation without
necking, A, , for long products such as bars, wire, and rods

T M. ST ER W, THAEERRE T
Ayn B0 5E

This method is to be performed on the longer part of a broken tensile test piece.
I iR A A B 2R A B B BR BT

Before the test, equidistant marks are made on the gauge length, the distance
between two successive marks being equal to a fraction of the initial gauge length,
Ly . The marking of the initial gauge length, Lj , should be accurate to within

40,5 mm . The measurement of the final gauge length after fracture, L), , is made on
the longest broken part of the test piece and should be accurate to within £0,5 mm.

WIS HT, FEARRRCE ERIESRIERIC, PA-ESbRC s 1a iR B 55 T HI G bR A
Ly 81— 4. WIMEAREEAE Ly BFRIC RO # ) £0,5 mm DL . B2 )5 e bp b
KRE Lo RO R R A R W R 30 4 Bt AT, HIASHER] £0,5 mm LA,

In order for the measurement to be valid, the following two conditions should be
met:

FMEMELERAR B2 LT A

a) the limits of the measuring zone should be located at least 5d;, from the fracture
and at least 2,5d,, from the grip;



a) W& XS p i N R B e B Ak %0 5d,, , HEEEE A FE /D 2,54, ;

b) the measuring gauge length should be at least equal to the value specified in the
product standard.

b) W AR PR A EE R 42 /048 T 7 b ofl vh 0 E HOME
The percentage plastic elongation without necking is calculated by Formula (].1):

Taa i) B KT o g A (1) i

! !

B
Ayn = “U =.100 (.1
o

NOTE For many metallic materials, the maximum force occurs in the range where
necking starts. This means that the values for A, and A, for these materials are

nearly equal. Large differences are found in highly cold deformed material such as
double reduced tin plate or irradiated structural steel or tests performed at elevated
temperatures.

EX T L EEME, BRANHBESTUTRATEE N . XEWEXEME A,
Ay T VTAHSE . 758 VA0 TP IRH Cln — Vv L 5 5 M i R 8 g ) B s il o
T RS o IR ZE

Annex K
bR K
(informative)

(BTEHE)
Estimation of the uncertainty of measurement

W 2 A 2 FE B PPAh
K.1 General

K.1 A= M

This annex gives guidance on how to estimate the uncertainty of the values
determined in accordance with this document. It is not possible to give an absolute
statement of uncertainty for this test method because there are both material
independent and material dependent contributions to the uncertainty statement.



ISO/IEC Guide 98-3[4] is a comprehensive document of over 90 pages based upon
rigorous statistical methods for the summation of uncertainties from various
sources. Its complexity has provided the driving force for a number of organizations

to produce simplified versions (see NIS 80 [*5], NIS 3003 [*¢] , and Reference [23]).
These documents all give guidance on how to estimate uncertainty of measurement
based upon an "uncertainty budget" concept. For detailed descriptions, see EN
10291[11] and Reference [24]. Additional information on the estimation of
uncertainty is available in References [25] and [26]. The measurement uncertainty
presented here does not describe the scatter resulting from the inhomogeneity of
the material, e.g. from one batch, from the beginning and at the end of an extruded
profile or a rolled coil, or of different positions within a casting. The uncertainty
results from the scatter of the data obtained from different tests, different machines,
or different laboratories taken from an ideal homogeneous material. In the following,
the different influences are described and guidance for the determination of the
uncertainties is given.

APy T O T TV A ARE A SR e FE AR E R e . BT AT EE
BB SHRERH TR, A SMERE RBTTIR, B eSS H izl i Ty
A ANTRERE P . ISO/IEC 1R/ 98-3[4]/2 — i T ™ & it ik at sk H %
e SR UG A 58 FEREATIC Y 90 2 TUMMER-& 30 . HE R MR 16T 2 H A R 1
fAi {2 (0 NIS 80 51 | NIS 3003 *6] 1% ifik[23]). X483 AFEBEEH 1T
“AE TR BEEIRSIEATEE M TEE. EMAEIA N EN 10291 [11]F12
£k [24]. ZFCER[25]F[26]38 08 7R T AWE EEA I E 2 {E R, XHEEAH
(R AN S B SR R IR A RN S0 S B HtE, sk B — ek B
ML ARG RRE, B ARG E RIS AT ERSIE T M A
B2 e BLEAT B A R . AN [FIHLAS BOAN R SE 86 5 2R A AR 0 7 otk . BT Kl
BRAFIRFEM AR, IFEs 0 AT E FER AR .

The reproducibility values used in Tables K.2to K4 are half width intervals in

accordance with ISO/IEC Guide 98-3[4] and should be interpreted as the value of
plus and minus (%) scatter tolerances.

7% K2 % K4 ffi ) E B 2RI 1SO/IEC $5 7 98-3[4] 5% X [a], WiFE
MR IES (£) 2 ELA ZE 1.



K.2 Estimation of uncertainty

K.2 A 5E FE R PRAS
K.2.1 General
K.2.1 &

The standard uncertainty, u , of the value of a parameter can be estimated in two
ways.

YA PR AR 52 BE w nT DOt w75 Sk 7 vl o
K.2.2 Type A - By repeated measurement

K22AK-BTEENE

u= % (K.1)
where
S
s is the standard deviation of the measurements;
5 s (R PO Aot e 22+

n is the number of observations being averaged to report the result of the
measurement under normal circumstances.

n s AR IR W R0 T Jdh ity B B 45 SR T HEAT 112 A0 ) v 4



K.2.3 Type B — From some other source, e.g. calibration
certificates or tolerances

K.2.3B 35 — K EHHfh—2RIE, HIORHEITERHRAZE

Here, the true value is equally likely to occur anywhere within the defined interval
so the distribution is described as rectangular or uniform. Here the standard
uncertainty is given by Formula (K.2):

TEME,  FARTEE SCIX 1) A BT AT (67 B A el BE TR R 55, BRI G2 J A 4 ik 9 RE 7%
AR A XA, ARSI E B A 2 (K.2) 4t

=2 K.2
W= (K.2)

where a is half the width of the interval in which the quantity is assumed to lie.
Hooh a 2 fE 8 BT E X A 58 BE A — .

Often the estimation of a quantity, y, involves the measurement of other quantities.
The estimation of the uncertainty in y shall take account of the contributions of the
uncertainties in all these measurements, It is thus known as a combined uncertainty.
If the estimation simply involves the addition or subtraction of a series of
measurements, xy, X5 ... X, , then the combined uncertainty in y, u(y) , is given by
Formula (K.3):

W, R ANy PG T B A R R Xy ASER S BE AN T B R R
X & ATEE N TE. Hik, S#FNSRAMER. R
RYIEAE x,, x5 . x, PIARINECAHE, A v, uly) FERAFEEHANR (K3) 4
H:

u) =y @x)? + u(x;)? + - +ulx,)?)  (K3)
where u(x;) is the uncertainty in the parameter x, , etc.

Horb u(e) 228 x, FHATHERE.

K.3 Equipment parameters effect on the uncertainty of test
results

K.3 BL &2 HOn R G5 R E BE IR

The uncertainty of the results determined from a tensile test contains components
due to the equipment used. Various test results have differing uncertainty



contributions depending on the way they are determined. Table K. 1 indicates the
equipment uncertainty contributions that should be considered for some of the
more common material properties determined in a tensile test. Some of the test
results can be determined with a lower uncertainty than others, e.g. the upper
yield strength, R.y , is only dependent on the uncertainties of measurement of force
and cross-sectional area, while proof strength, R, , is dependent on force, extension,
gauge length, cross-sectional area, and other parameters. For reduction of area, Z ,
the measurement uncertainties of cross-sectional area both before and after
fracture need to be considered.

or e B B 5 45 R B0 AN IR R R 5 T e e AR R . MR 5E T U AR [,
F RPN AL R AR E L DTRR B AN E] . 2R K1 A T S e i E — R I
PR RE R S22 18 1B 2% AT 2 BETTHR . — e iiaas SRnT DA EE Ho At 45 2R LA BE AR IR A
WEFEWRE, B, LEARSERE Ry DUBLG T AR A E AR E L, T
WUE SRIE Ry WLy R, bREECHE . Rk A A i 2 4. 3 Wi
AR Z , 7R B TR A S AR A AN E R

Table K.1 — Uncertainty contributors to the test results, due to the measuring
devices

2 K1 — I 35028 xef 0k A SRA W o R ) ik PR 3

Parameter Test results
Ry |Rey | R | Ry |A|Z
Force X X X | X|-]-
Extension - - - X | X]|-
Gauge length | - - - | X [ X|-
Sy X X X[ X]|-]|X
Sn - - == |-1X

X Relevant. — Not relevant.

ZH m4atah S
Rey |Re, |Rm |Ro|A|Z
| X X | X [X]|-]-
fifi = | = [ =X [¥]=
Fr i A RE - - - | X [ X] -
P X X X[ X]|-]|X
s - = | = | = %
XMk, —PHx.

The uncertainty of the test results listed in Table K.1 may be derived from the
calibration certificates of the devices used for the determination of the test results.



For example, the standard uncertainty value for a force parameter using a machine
with a certified uncertainty of 1,4 %, would be 1,4/2 or 0,70 %. It should be noted
that a Class 1,0 classification (for the tensile testing machine or extensometer) does
not necessarily guarantee an uncertainty of 1% . The uncertainty can be significantly
higher or lower (for force example, see [SO 7500-1), and the equipment certificate
should be consulted. Uncertainty contributions due to factors such as drift of the
equipment since its calibration and its use in different environmental conditions
should also be taken into account.

F K1 50 AR g B A0 e B ] fe iR B T 6 e IR as SR & R HEE P .
flan, fEHSMEATEERN 1.4% M08, DS AT e EER A
1.4/2 8 0.70%. Ri%iERE, 1.0 o205 xRl s HLak 5] i) A — 2 RIE
ANERSEFE R 1% - AN FE W] fE 53 B S el s R (Xt T 7, 2L 1S0 7500-1),
R R S UE TS . MR RS R LR B % IR RS LA R AE AN RIS 24 P AE %A
X AR 5 FE A ik

Continuing the example according to Formula (K.3), taking account of the
uncertainties in force or extensometer measurements, the combined uncertainty of
the test results for Ryy, R, Ry and A is

LR 8 A (K3 AR, 8 ek G i I B b ANAE . Rep, Rers Ry 11 A
AU EE R & AT E R

2 2
f(12—4) + (v%) = +0.70% + 0.58% = 0.91%, using the square root of the sum of the

squares approach.

2 2
(%) +(5) = V0707 + 0587 = 0.91%, RAFH RN FI k.
When estimating the uncertainty of R, , it is not appropriate to simply apply the
summation of the standard uncertainty components from the classification of the
measuring devices. The force-extension curve shall be examined. For example, if the
determination of R, occurs on the force-extension curve at a point on the curve
where the force indication does not change over the range of the extension
measuring uncertainty, the uncertainty of the force indication due to the extension
measuring device is insignificant. On the other hand, if the determination of Ry,
occurs on the force-extension curve at a point where the force is changing greatly in
relation to the extension, the uncertainty in the reported force can be much greater
than the uncertainty component due to the device classification. Additionally, the
determination of the slope of the elastic part of the stress-percentage extension
curve mg can influence the result of R, if the curve in this range is not an ideal
straight line.

FEATE Ry, POANHE BE 1] 87 157 FH U2 15 4 20 2 b R b ANTR 5 BE 20 fiE 2 A2 A
FAEM . RS- B, S R 7 (e i 2 b e AN i R



N DR RANE ) s AR E Ry, > W B 5045 51 ) 0 38 A AN 52 L AT s AN i
F— UL, WUERAE Sy - fh 28 Ly Bl AR AR AR KR s AR B RE Rp - AR TS AU 1Y

AN 8 FE W] BB K T B SR BAT e . EAh,  fn SRAZE FE P R B 2R A
AT E L, M- E 2 2R mg BB S 3 RUHR E AT RE T Ry, B4

Ko

Table K.2 — Examples of uncertainty contributions for different test results, due
to the measuring devices

R K2—— 055 48 X A [ A 5 2R (K AN 2 2 T ik = 91

Parameter Uncertainty contribution ¢ %
Ry | Re | Rm | A | 2
Force 1,4 1.4 | 14 - -
Extension - : s | ZBE | &
Gauge length, L, L, - - - 1 -
o5 1 1 1 -
S - - - - 2
aValues are given for information only.
ZE AN e BEOTHR @ %
Ry | Reo | Rm | A | 2
71 14 | 14 | 14| - | -
& g = 7 14 | -
FRER, Le Lo - - - 1 -
S5 1 1 1 -
g . : - = | ¥
Bt et T 2%,

The combined uncertainty for Z, u; , expressed as a percentage, is given by Formula
(K.4):

Z,uy MERARER, Uaaltd#r, e (K4) Sk

2

o () 4 () = )+ (B) - o - s
=129 (K4

Using a similar approach, examples of combined standard uncertainties for a range
of testing results are shown in Table K.3.

KHRMTTIE, — RFINRE R & AR EA i E BB R K3.



Table K.3 - Examples for combined uncertainty

F K3 - G AN E s

Combined uncertainty for different parameters
%

Ren Ry Ry A Z
0,91 0,91 0,91 0,91 1,29
A [ 2 $0 i) £ AN 5 FE
%

Ren Re R A Z
0,91 0,91 0,91 0,91 LD

In accordance with ISO/IEC Guide 98-3 [#!, the total expanded uncertainty is
obtained by multiplying the combined standard uncertainties by a coverage function,
k . For a 95 % level of confidence, k = 2.

4 ISO/IEC #6575 98-3 4, & RUFrHEAH & RIS H T k B3 & 8T RAH
EE. XT95% KEEAKTE, k=2.

Table K.4 — Examples for a 95% level of confidence, k = 2 (based on Table
# KA—95% B EKFrRE k=2 (FT3% K3)

K.3)

95% level of confidence, k = 2 for different parameters %
Ry R, R A i
1,82 1,82 1,82 1,82 2,58

95% BIEKF, k=24WARSHAIE S
Ren RaL Ry A Z
1,82 1,82 1,82 1,82 2,58

Only uncertainty contributions with the same unit can be added in the calculation
shown. For further information and more detailed information on measurement
uncertainty in tensile testing, see CWA 15261-2[9] and Reference [27].

ERTRTEE S, R AT BAT A A BT B A 5 BE DTRRA BEA N . A7 % hr A v i &
AthE R EZE B MFEME R, 520 CWA 15261-2[9)F1Z5 L#k[27].

[t is highly recommended that scheduled periodic sample testing and charting of the
standard deviation of the results related to a particular material test be performed.
The resultant standard deviations of the data from the sample tests over time can
provide a good indication of whether the test data uncertainty is within
expectations.



o 21 1CE IR E ARG O£ R AT PRI IR 0 il 5 SR AR HE R . BT
[IHERS ,  F AT 1 e 28 b e 22 AT RAAR &7 b 2 BRI A0 O AN S B TR AE Tl
L UE(EA: e

K.4 Parameters depending on the material and/or the test
procedure

K.4 BUR T+ RN/ SGRAR R FF B 245

The precision of the test results from a tensile test is dependent upon factors related
to the material being tested, the testing machine, the test procedure and the
methods used to calculate the specified material properties. Ideally, all the following
factors should be considered:

FARR S5 R AR S EEHCA T S8 oliteh, It I DU Tt e
MEMERER MR R . BB T, FEELL TR ER:

a) test temperature;

a) IR ;

b) testing rates;

b) e

c) the test piece geometry and machining;
c) i J LA Az AR AN 1

d) the method of gripping the test piece and the axiality of the application of the
force;

d) & FF I B T3 350 77 1t o el e 4
e) the testing machine characteristics (stiffness, drive and control mode);
e) I HLRFE (MRS . 3Rah A il ) ;

f) human and software errors associated with the determination of the tensile
properties;

) 5L F 0 s A O A A R R A 1R 22
g) extensometer mounting geometry.

g) G it A LT IR .



The influence of these factors depends on specific material behaviour and cannot be
given as a defined value. If the influence is known, it can be taken into account in the
calculation of the uncertainty as shown in  K.3. It can be possible to include further
sources of uncertainty in the estimation of the expanded measurement uncertainty.
This can be done using the following approach.

XSS R e B TREM AT N, Lk e, wRS mILem, g
i K.3 h R EARTER T ED PR, Y BN EARE BN d, ahkid
TN N A AT 5 R SRR ]S H BA R it AT

a) The user has to identify all additional possible sources, which can have an effect,
directly or indirectly on the test parameter to be determined.

a) FH = 25 ) AT T i 9 R S o il 2 1R 25 A AT e SR

b) Relative contributions may vary according to the material tested and the special
test conditions. Individual laboratories are encouraged to prepare a list of possible
sources of uncertainty and evaluate their influence on the result. If a significant
influence was determined, this uncertainty, u; , has to be included in the calculation.
The uncertainty, u; , is the uncertainty of the source i on the value to be determined
as a percentage as shown in Formula (K.3). For u; the distribution function of the
specific parameter (normal, rectangular, etc.) has to be identified. Then the
influence on the result on the one sigma level has to be determined. This is the
standard uncertainty.

b)) S TRk T BE B I A R AR R B S A T e SRR 7 S e A o — O T RE
AN E FEACTTIR B, FFPRAN S G5 RO FEW o S SR E AT R, AN SE B
w s WAL AFRERL, w . 2R W RERE RS, PLa A (K3)RT
A B ERR. My, BIHRHRE SR AR B(ES. HIESE). BE
A6 Z0VRF FE FE AARIE 22 KT X5 SRR o XA b AN E T

Interlaboratory tests may be used to determine the overall uncertainty of results
under conditions close to those used at industrial laboratories, but such tests do not
separate effects related to the material inhomogeneity from those attributable to the
testing method (see Annex L).

s G == [A) iR 06 o] B T8 e Tk sEIe E AT &M M R D EAMER, Hik3E
TS I A 5 AR AT A0 4 4R 2 i S 5 It 7 v BT B R e X 4 Sk (LB 3 L)«

[t should be appreciated that as suitable certified reference materials become
available, they will offer a useful means of estimating the measurement uncertainty
on any given testing machine including the influence of grips, bending, etc., which at
present are difficult to quantify. An example of a certified reference material is BCR-
661 (Nimonic 75) available from IRMM ¥ (see CWA 15261-2[9]).

REZINRE], FEE SERAUESERRA ML, BT b THEfT g 2 3yl R
AN E FEAR O — R B 4G YR MHiFAIRcm, HATiXsessmot: DE



tho —FhEIUF S B E T2 0 A IRMM Y 3151 BCR-661(JE X B 7 75)( A
CWA 15261-2[9]).

Alternatively, it is recommended that regular “in-house” tests be carried out for
quality control purposes on material with a low level of scatter in properties (non-
certified reference materials) (see Reference [28]).

FHEE, BV e SR BRI R ERANIES B R E Bt T “pal” i,
DL AT o1 245 1 (0256 3Lk [28]) .

There are some examples for which it is very difficult to give accurate uncertainty
values without reference materials. When reliable uncertainty values are important,
in some cases, the use of a certified reference material or non-certified reference
material to confirm uncertainty of measurements is recommended. If no reference
material can be used, suitable intercomparison exercises are needed (see
References [21] and [30]).

ERENGUT, WMREASHME, RS B AR A T . SRR A
FEEREER, fERLRHRT, EUUERMES P EEARAES B AR AN
RARHER .. METEER LR, W AT S 200 R 56 (02 % i
[21]F1[30]).

1

Annex L
Biar L
(informative)

(BERHE)

11) This information is given for the convenience of users of this document and
does not constitute an endorsement by ISO of the product named. Equivalent
products may be used if they can be shown to lead to the same results.

1) SREEMAE RN T HEASAER R, FEARIR 1SO X Tk = fila] .
WHEUE W S R0 A BETT A [RI S5 AL, T B A F S5 200



Precision of tensile testing - Results from interlaboratory
programmes

PR AT E—— SR = 6 RIS R

An indication of the typical scatter in tensile test results for a variety of materials
that have been reported during laboratory intercomparison exercises, which include
both material scatter and measurement uncertainty, is shown in Tables L.1to

L.4. The results for the reproducibility are expressed as percentages calculated by
multiplying by 2 the standard deviation of the respective parameter, e.g. Rp, Ry, Z,
and A4, and dividing the result by the mean value of the parameter, thereby giving
values of reproducibility which represent the 95% confidence level, in accordance
with the recommendations given in ISO/IEC Guide 98-3[4] and which may be
directly compared with the expanded uncertainty values calculated by alternative
methods.

F L1 E L4 gy 7 eS80 5 1A) U il o AR 4% 5 8 Fdobd Rl (e Ui 25 51 0 SR 5y
AL, Horh ds bR ORI B A B . IS R UL A R, iHE A
AENGHH B B E ARk R 22 e LL 2(810 Ry, Ry, Z A1 A), SRJS K45 RER LIS T
B, MITTAF AR 95% B E AR IR, FF & 1SO/IEC $8 1 98-3[4] ik
W I HAT LA B i ot 7 iR TR T TR AN s B (AT LA

Table L.1 — Yield strengths (0,2 % proof strengths or upper yield strengths) —

Reproducibility from laboratory intercomparison exercises (graphic presentation of
the values is given in Figure L.1)

2 L1—— i IR 9% (0.2% R 221 R {0 P b Jo AR 9 P ) — — 9188 =2 (] B
AIEBE(E L1 A TR 1 ETERR)
Material Code Yield strength | Reproducibility | Reference
MPa + %
Aluminium
Sheet AA5754 105,7 3,2 [31]
Sheet AA5182-0 126,4 1,9 [20]
Sheet AA6016-T4 1272 2.2 [20]
EC-H 19 158,4 4,1 [33]
2024-T 351 3629 3,0 [33]
Steel
Sheet DX56 162,0 4,6 [31]
Low carbon, HR3 228,6 8,2 [34]
plate




Sheet Z5tE 180 267,1 9,9 [31]

AISI 105 P245GH 367,4 50 [34]

c22 402,4 4,9 [33]

Plate §355 427,6 6,1 [31]

AusteniticS S SS316L 230,7 6,9 [31]

AusteniticS S X2CrNi18-10 303,8 6,5 [34]

AusteniticSS | X2CrNiMo18-10 353,3 7.8 [34]

AlS1 316 X5CrNiMo17-12- 480,1 81 [33]

2
Martensitic S S X12Cr13 967,5 5.2 [33]
High Strength | 30NiCrMo16 1039,9 2,0 [34]
Nickel alloys

INCONEL 600 NiCr15Fe8 268,3 4,4 [33]

Nimonic 75 (BCR-661) 298,1 4,0 [29]

Nimonic 75 (BCR-661) 302,1 3,6 [31]
¥ Y JeEt RS FE IR I + % 2 LR

Aluminium

H A4 AA5754 105,7 3,2 [31]

5 A4 AA5182-0 126,4 1,9 [20]

A4 AA6016 - T4 127,2 2,2 [20]

EC-H 19 158,4 41 [33]

2024-T 351 362,9 3,0 [33]

i

e DX56 162,0 4,6 [31]

KH%, Wbt HR3 228,6 8,2 [34]

H A4 ZStE 180 267,1 9,9 [31]

AISI 105 P245GH 367,4 50 [34]

€22 402,4 4,9 [33]

i 4 §355 427,6 6,1 [31]

B G AR AR 4 §S316L 230,7 6,9 [31]

BECARAEESN | X2CrNil8- 10 303,8 6,5 [34]




B AR AS5544 | X2CrNiMo18 - 10 353,3 7.8 [34]
AlSI 316 X5CrNiMo17 - 12 480,1 81 [33]
-2
I AR AR X12Cr13 967,5 3,2 [33]
T ik E 30NiCrMo1l6 1039,9 2,0 [34]
RE5e
RFHR 44 NiCr15Fe8 268,3 4,4 [33]
600
BEREREE (BCR - 661) 298,1 4,0 [29]
75
BREERGE (BCR - 661) 302,1 3,6 [31]
75
RI" k
12
10 s
8 *
0 * “0
4 -jH
2 * ® %9
n L L T || | -
] 200 400 600 800 1000 1200 R
p
R{'H
Key
FEd

R,y upper yield strength, expressed in MPa
Rey L JEHREREE, HA7 RIEM(MPa)

R, proof strength, expressed in MPa

R, HLEIRAE, 06 (MPa)

Ry, reproducibility, expressed in %
Ry, FEBUME, S04 %

Figure L.1 — Presentation of the values given in Table
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Table L.2 — Tensile strengths, R,, — Reproducibility from laboratory
intercomparison exercises (graphic presentation of the values is given in Figure
L.2)
# L2 — PIREGRE, Ry — L0 LA M B (8 L2 20 th T X et Pl
TR)
Material Code Tensile Reproducibility | Reference
strength MPa +%
Aluminium
Sheet AA5754 212,3 4,7 [31]
Sheet AA5182-0 275,2 1,4 [20]
Sheet AA6016-T4 228,3 1,8 [20]
EC-H 19 176,9 49 [33]
2024-T 351 491,3 2,7 [33]
Steel
Sheet DX56 301,1 5,0 [31]
Low carbon, HR3 3352 5,0 [34]
plate
Sheet ZStE 180 3153 4,2 [31]
AISI 105 Fe510C 552,4 2,0 [34]
C22 596,9 2,8 [33]
Plate $355 564,9 2,4 [31]
AusteniticS S SS316L 568,7 4,1 [31]
AusteniticS S X2CrNi18-10 594,0 3,0 [34]
AusteniticSS | X2CrNiMo18-10 622,5 3,0 [34]
AlSI 316 X7CrNiMo17- 694,6 2,4 [33]
12-2
MartensiticS S X12Cr13 1253,0 1,3 [33]
High Strength 30NiCrMol6 1167,8 1,5 [34]
L (e PR SR HIE + % 22 R
=
ikt AA5754 2123 4,7 [31]
ikt AA5182-0 275,2 1,4 [20]




kA AA6016-T4 228,3 1,8 [20]

EC-H 19 176,9 49 [33]

2024-T 351 491,3 2,7 [33]

i)

A DX56 301,1 5,0 [31]

Kk, bt HR3 335,2 5,0 [34]

Bkt ZStE 180 3153 4,2 [31]

AISI 105 Fe510C 552,4 2,0 [34]

C22 596,9 2,8 [33]

Bt $355 564,9 2,4 [31]

W GRS SS316L 568,7 4,1 [31]

B AR AN 5 X2CrNi18-10 594,0 3,0 [34]

B AR A5 | X2CrNiMo18-10 622,5 3,0 [34]

AlISI 316 X7CrNiMo17- 694,6 2,4 [33]

12-2

0 AR AN X12Cr13 1253,0 1,3 [33]

& 5E 30NiCrMol6 1167,8 1,5 [34]
Material Code Tensile Reproducibility | Reference

strength MPa +%
Nickel alloys

INCONEL 600 NiCr15Fe8 695,9 1,4 [33]

Nimonic 75 (BCR-661) 749,6 19 [29]

Nimonic 75 (BCR-661) 754,2 1,3 [31]
E (e L PR IR E IR AL + % EE P E

BE®
FRHRE 5 NiCr15Fe8 695,9 1,4 [33]
600
BERREGE (BCR - 661) 749,6 1,9 [29]
75
BEEwa4 | (BCR-661) 754,2 1,3 [31]

75
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Key

R, tensile strength, expressed in MPa
Ry, PidismAE, LA MPa R
R, reproducibility, expressed in %

Ror FEOUME, A 9% 75

Figure L.2 - Presentation of the values given in Table L.2
& L2 - & L2 eyt mE s
Table L.3 — Elongation after fracture — Reproducibility from laboratory
intercomparison exercises (graphic presentation of the values is given in Figure
L:3)
% L3 — BBE e — S286 s oA BB () L3 4 T K 2e E TR IR
7))
Material Code Elongation after | Reproducibility | Reference
fracture A =
% %
Aluminium
Sheet AA5754 27,9 133 [31]
Sheet AA5182-0 26,6(Ag0 mm) 10,6 [20]
Sheet AA6016-T4 25.9(4g0 mm) 8,4 [20]
EC-H 19 14,6 9,1 [33]
2024-T 351 18,0 18,9% [33]

Steel




Sheet DX56 45,2 12,4 [31]
Low carbon, HR3 38,4 13,8 [34]
plate
Sheet ZstE 180 40,5 12,7 [31]
AISI 105 Fe510C 31,4 14,0 [34]
C22 25,6 10,1 [33]
Plate $355 28,5 177 [31]
Austenitic S S SS316L 60,1 27,6 [31]
AusteniticSS | X2CrNi18-10 52,5 12,6 [34]
AusteniticS S | X2CrNiMo18-10 51,9 12.7 [34]
AlSI 316 X5CrNiMo17- 35,9 14,9 [33]
12-2
Martensitic S X12Cr13 12,4 15,5 [33]
S
High Strength | 30NiCrMo1l6 16,7 13,3 [34]
Nickel alloys
INCONEL 600 |  NiCr15Fe8 41,6 7,7 [33]
Nimonic 75 (BCR-661) 41,0 3,3 [29]
Nimonic 75 (BCR-661) 41,0 B [31]
FHR N Wi fe (13 A AL £ E R BE
% %
i
Tl AA5754 27,9 13,3 [31]
Wt AA5182-0 26,6(Ago mm) 10,6 [20]
FROH AA6016 - T4 25.9(Ag0 mm.) 8,4 [20]
EC-H19 14,6 2,1 [33]
2024-T 351 18,0 18,9¢ [33]
W
A DX56 45,2 12,4 [31]
([, Hitt HR3 38,4 13,8 [34]
1 A4 ZstE 180 40,5 12,7 [31]
AISI 105 Fe510C 31,4 14,0 [34]
C22 25,6 10,1 [33]




A $355 28,5 17,7 [31]
B RR SS316L 60,1 27,6 [31]
i
WICHRAES | X2CrNil8- 10 52,5 12,6 [34]
i
B | X2CrNiMo18 - 51,9 12,7 [34]
i 10
AISI 316 X5CrNiMo17 - 35,9 14,9 [33]
12-2
5 (AR AR X12Cr13 12,4 155 [33]
i
5 30NiCrMo16 16,7 13,3 [34]
HEs
RS 4 NiCr15Fe8 41,6 7% [33]
600
BREEBHL (BCR - 661) 41,0 3,3 [29]
& 75
BHEREEE (BCR - 661) 41,0 5,9 [31]
4 75

a The reproducibility is expressed as a percentage of the respective mean value of A
for the given material; thus, for 2024

a HLPEDLgS e R Y A B B B R Bk, X T 2024
e T 351 aluminium, the absolute value of 4is (18,0 + 3,4)%.

e T351%4A%, AMLAIEN (180+34)% .
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A elongation after fracture, expressed in %
A W ER, LlY%RR
R, reproducibility, expressed in %

Rpr ﬁﬂﬂh‘&s Pl % i.%/\l\

Figure

B L.3-% L3 PAHMER R

L.3 - Presentation of the values given in Table

L3

Material Code Reduction of | Reproducibility | Reference
area +
Z % a
%
Aluminium
EC-H 19 79,1 5.1 [33]
2024-T 351 30,3 23 7% [33]
Steel
Low carbon, HR3
plate
AISI 105 Fe510C 71.4 2,7 [34]
C22 65,6 3,8 [33]
AusteniticS S X2CrNi18-10
AusteniticSS | X2CrNiMo18-10 77,9 5,6 [34]
AISI 316 X5CrNiMo17-12- 71,5 4,5 [33]
2
Martensitic S S X12Cr13 50,5 15,6b [33]
High Strength 30NiCrMo16 65,6 32 [34]
Nickel alloys
INCONEL 600 NiCr15Fe8 59,3 2,4 [33]
Nimonic 75 (BCR-661) 59,0 8,8 [29]
ok ez T AR/ FRELME + S8 ik
VA % a




%
s
EC-H 19 79,1 51 [33]
2024-T 351 30,3 23,70 [33]
4
KT 8 HR3
AISI 105 Fe510C 71.4 2.7 [34]
C22 65,6 3,8 [33]
WKW | X2CrNil8- 10
BWICARAER4] | X2CrNiMo18 - 10 77,9 5,6 [34]
AISI 316 X5CrNiMo17 - 12 71,5 4,5 [33]
-2
0 R AR AN 4 X12Cr13 50,5 15,6b [33]
o o P 30NiCrMo16 65,6 3,2 [34]
RoE
ESE XS SR NiCr15Fe8 59,3 2,4 [33]
600
ERERGE (BCR - 661) 59,0 8,8 [29]
75

Table L.4 — Reduction of area Z — Reproducibility from laboratory
intercomparison exercises (graphic presentation of the values is given in Figure

L.4) a The reproducibility is expressed as a percentage of the respective mean value
of Z for the given material; thus, for the 2024-T 351 aluminium, the absolute value
of Z is (30,3 + 7,2)% . b Some of the values of reproducibility may appear to be
relatively high; such values probably indicate the difficulty of reliably measuring the
dimensions of the test piece in the necked region of the fracture, For thin sheet test
pieces, the uncertainty of measurement of the thickness of the test piece may be
large. Likewise, the measurement of the diameter or thickness of the test piece in
the necked region is highly dependent upon the skill and experience of the operator.
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Figure L.4 - Presentation of the values given in Table L.4
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