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Forword

'This dr;f‘t Zuropean §tandard was prepared by the Technical Committee ECISS/TC1A
Mechanical and physical tests', the Secretariat of which has been allocated to
the Association Francaise de Normalisation (AFNOR). )

Te

I+ represents the {ifth part of the general standard : Metallic materials -
Tensile testing.

This European Standard replaces the EURONORMS:

ZU 22-70 Determination or verification of the yield point of steel at elevarsd
remperatures. T

This European Standard EX 10y was approved by CEN on 4991-08-0S

According to the Common CEN/CENELEC Rules, being part of the Internal

Regulations of CIN, the following countries are bound to implement this European
Standard i o

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland,

Ireland, Italy, Luxembourg, Retherl Korway. Port ;
Switzerland and.United Kinédcn ands, Y ugal, Spain, Sweden,

Introduction

The Standard ENV 10 002 will comprise the following parts:

Part 1 : Metallic materials; Tensile test; Method of test (at ambient
terperature

part 2 : Verification of the force measuring system of the tensile tesitirg macine

part 3 : Metallic materials; Tensile test; Calibration of proving devices used
for the verification of uniaxial testing machines

pPart 4 : Metallic materials; Tensile test: Verification of extensometers used in
uniaxial testing

Part S5 : Metallic materials; Tensile test; vethod of test at elevated
terperatures.
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1 Scope

This european standard specifies the method for tensile testing of metallic
materials and defines the mechanical properties which can be determined
thereby at elevated temperature.

For certain particular metallic materials and applications, the tensile test
may be the subject of specific standards or particular requirements.

It should be noted that tests carried out at the same temperature in
accordance with the tensile testing method at ambient temperature
(EN 10 002/1) and this standard should give different results by reason
of different testing conditions, for example the loading rate ...
(see bibliography).

Annex G
An harmonising of the two tests operating conditions should be envisaged
on the occasion of the next -evision of the corresponding standards.

2 Normative references

EN 10 002-1 . Metallic materials - Tensile testing -
Part 1 : Method of test at ambient temperature

gEN 10-002-2 . Tensile testing - Verification on the load cell
of tensile testing machine

150 2566-1 < T nlSteel 4 Conversion)of» elongationy values -
Part 1 : Carbon and low alloy steels

150 2566-2 . Steel - Conversion of elongation values -
Part 2 : Austenitic steels

EN 10002-4 (1) Metalli¢ ‘materials’<e Verificationof-extensometers

used in uniaxial'testing

on

£y 18-1979 2) . Selection and preparation of samples and test pieces
for steel and iron and steel products

3 PRINCIPLE

The test involves straining a test piece by tensile force, generally to
fracture, for the purpose of determining one or more of the mechanical
properties defined 1n clause 4.

The test is carried out at the spec1fied temperature.

4 DEFINITIONS
for the purposes of this european standard, the following definitions apply.

4.1 GCauge length (L) : length of the cylindrical or prismatic portion of
the test piece on which elongation 1s measured at any moment during the
test. In particular, a distinction is made between :

A

1) In preparation

Unt:1l this Euronorm 1S transformed into European Standards,
1t can e:ther be used or reference made to the corresponding national
standarde, a list of which 1s given 1n annex F of these Curopean

Crangards.
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4.1.1 Original gauge length (Lo); Gauge length before hesting of the test pieée
and before application of force.

4.1.2 7inal gauge lemget: (L )s Gauge length after rupture of the test
plece (see 11.1). This lengtﬁ shall be measured at ambient temperature.

4.2 Parallel length (Lc)x Length of the reduced section parallel portion
of the test piece.

Note. Tbe concept of parallel length is Teplaced by the concept of
distance betveen grips for mon=machined test pleces.

4.3 Klomgation: Increase in the original gauge length (Lo) at the end of
the test.

4.4 Percentage elongetion: Elongation cxpricoed as 8 percentage of the
origical gauge length (Lo)

4.4.1 Percentage permanent elongation: Incresse fn the origical gauge
length of a test piece after removal of a specified stress (see 4.9), expressed
as a percentage of the original gauge leagth 16

4.4,2 DPercentage ealongation after fractare: (A) Pervapent elongation of

the gauge length afterjfracture (Ly /4 lo) éXpressed as/a percentage of the
original length (L),

Note. 1In the case of proportionil test pleces, only 1f the original gauge
length {s other than 5,65 So (4), where S, is the original

cross—-sectional area of parallel lengrh, the symbol A shall bde

supplesented by an'index {mdicating ‘the coeffici{ent of proportionality
used, for example:

A 11,3 = percentage elongation oo a gauge length Loy of 11,3 /Sq

In the case of nog-proportional test pieces, the symbol A shall be

supplezented by an index indicating the original gauge length used,
expressed ip millipetres, for example:

A 80 mx = percentage elongation on e gasuge length (Lo) of 80 mm

4.4,3 Percentage total .Jon;ltiba at fracture (‘t): Total elongation
(elastic elongation plus plastic elongation) of the gauge length at the moment
of fracture expressed a5 & percentage of the original gauge length (Lo)

4.5 Extensosetsr gauge lamgtb (L,y, Length of the parallel portion of

the test piece used for the measurezent of extension by mesms of an extensometer
(this length may differ from L_ and shall be of any value greater than b, d or

D (see table 1) but less than the parallel length L),

—_—
—— ASO
(8) 5,657V Sy =5

b
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4.6 Extension: Incresse in the axtensometer gauge length (L
sonent of the test. y e) at a given

4.6.1 Percentage permament extension: Incresse in the extensometer gauge
length after removal from the test piece of a specified stress, expressed as a
percentage of the extensometer gauge length (Le)

4.6.2 Percentage yleld point extension (A. , bxtension between the start
of ylelding giving localized deformation ln3°the connencenent of homogeneous

deformation giving smooth work hardening. It 4s expressed as a percentage of
the extensometer gauge length (L.).

4.7. Percentage reduction of area (Z): Maximum change in cross-sectional
ares which has occurred during the test (S° - Su) expressed as a percentage
of the original cross=-sectional area (So)

4.8 Maximus force (Y ., The greatest force which the test piece
withstands during the test onmce the.yileld point has been passed,

4.9 Stress: TForce at any moment during the test divided by the original
cross-sectional area (S°) of the test piece.

:;9‘1 Tensile strength (Ry), Ggireqs corresponding to the maximum force
e).

4.9.2 Yi{eld strength: VWhen the metallic material exhibits a yield
phenomenon, a point is reached during the test at which plastic deformation
occurs without any iacrease {n the force., A distinction is made between:

4.,9.2.1 Upper yleald strength (l.ﬂ): Value of stress at the moment when
the first decrease in force is observed (see figure 2),

4.9.2.2 Lowver yield strength (R.L): Lowest value of stress during
plastic ylelding, {gnoring any transient effects (see figure 2),

4.9.3 Proof strength, mom-proporticmal extsasion (R

g): Stress_at vhich a
non-proportiocnal extension {s equal to a specified peércen

tage of the

extensoneter gauge length (L, . Th bol d is fol d
8 suffix giving the prelctib:J é::gcééfg:eo?)the e;:c nonetgge‘luge ia%?!ﬁ, PX:
exapple Rpo 2

1] L]

4.9.4 Proof strepgth, total extemsion (R
t): Stre t vhich tot
extension (elastic extension plus plastic zxtens{o;, f: :qu. tg :&e specified

percentage of the extenmsometer gauge length (L e £4 4 ™ 1
used {s followed by a suffix giving the pre.crigeé.;erceggsge gf thceogrzfgal
gauge length for example: Rt 0.5

’ L]

4.9.5 Permanent set strangth (lr): Stress at vhich, after resoval of
force, 8 specified permanent elongation or extension expressed respectively as a
ferceutage of the origiocal gauge length (Lo) or extensometer gauge length
L
h t been e ded figure 5), The bol used ip followed a
ou?gix.giefng the l;ggfffed(;::cengage 02 the orf{?uaf gauge fengtb or oPythe
extensometer gsuge length (Le). for example: Rr0,2.
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S. SYMBOLS AND DESIGNATIONS

Symbols and corresponding designsticns are giver {n table I.

Tadle 1 - Symbols and desigoations

Reference Symbol Unit - Designation
Nuszber
1)
Test plece
1 s an Thickness of s flat test piece or wall

thickness of a tube

2 b 1. Width of the psrallel length of a flat

test piece or average width of the
longitudinal strip taken frow a tube or
width of flat wire

3 d . Diameter of the parallel length of a
: circular test piece, or dismeter of
round wire or internal dimmeter of a tube

4 D mo External dispeter of a tube
S Lo ED Origical mauge length
6 Le T Parallel length
- Le nn Extensometer gauge length
7 Lt | == Total length of test piece
8 Lu A% oo Pioal gauge length after fracture
i
5 So i ma2 Origioal cross-sectional area of the
§ parallel length
10 Su } =2 | Minimum cross-sectionsl ares after
i fracture
i
11 2 I 4 Percentage reductionof area:
S = 8§
< ° v 100
5o
12 - - Gripped ends
Clongation i
13 - am Elongation after fracture:
L -1
u °
14 A2) p4 Percentage elongation after fracture:
L -1
| % ) oo
a L
! o
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Table 1

. 21

22
23

24

25
26

N/mz (3)

N/ ?

R/umz

N/m2 '
N/nm2
N/nm2

Reference Syabol Unit Designation

Nusber

15 Ae 2 Percentage yield point extension

16 At 2 Percentage total elongation at fracture

17 - 2 Specified percentage nomr=proportional
extension

18 - b4 Percentage total extenmsion

19 - 2 Specified percentage permanent get
extension or eslomgstion

Force
20 Fo N Maxiauz force

Yield strength = Proof strength - Tensile strength

Upper yield.strength
Lower yield strength

Tensile strength

Proof strength, nmomproportional
extension
Permanent set strength

Proof strength, total extension

(1) See figures 1 to 13
(2) See 4.4.2
(3) 1 N/m = 1 MPa

6. Test pieces

€.1 Shape and dimensions

6.1.1 General

The sbape and dimensions of the test pieces depend on the shape and dimensions
of the metallic products the mechaoical properties of which are to be

determined.
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Tbe test pilece is usually obtained by mschining s sazple from the product or a
pressed blank or casting. Howvever products of constant cross-section (sections
bars, wires, etc.) and also as cast test pieces ({.e. cast frons and nou-fet:cu;
alloys) may be subjected to test without being mschined.

The cross-section of the test pieces msy be circular, square, rectangular,
snnular or, in special cases, of some other shape.

Test pieces, the original gauge length of which is related to the original
cross-sectional area by the equatioo L | ey

test pieces. The internationally ldopgca 5g1ue §3! frflGQ}&S? pfﬂ?°5§£2fﬁ%1
gauge length shall be not less than 20 mm. When the cross-sectional area of the
test plece is too small for this requirement to be met with the coefficient k

value of 5,65, a higher value (praferadly 11,3) or s noo-proportional test piece
may be used.

In the case of poo-proportional test pleces, the origimsl gauge length (L

taken iodependently of the original cross-sectional ares (so) °) 1s

The dizensional tolerances of the test pleces shall be in sccordance with the
appropriate annexes (see 6,2),

6.1.2 Machined test pleces

Machiped test pieces shall incorporste a tramsition curve between the gripped
ecds and the parallel length if these bave different dimensioms. The dimensions
of this traosition radius cum be importast and it is recommended that they be
defined in the material specification if they are not given {n the appropriate
annex (see 6,2), :

The gripped ends may be of asy shape to suit the grips of the testing machige.

The parallel leagth (Lg) or, ip the case wvhere the test ff!tf has gg
transition curve, tbe free lemgth between the grips, shall always greater
than the originai gsuge length (Lo).

6.1.3 Non-machined test pileces

If the test piece consists of an unzschined length of the product or of an
upzachined test bar, the free length between the grips shall be sufficient for
gauge marks to be at a reasonable distance from these grips.

As=cast test pieces shall incorporate a traosition radius betweez the gripped
ends and the psrallel length. The dimensions of this trams{tion radius are

igportant and it {s recommended that they be defined {n the product standard.
The gripped ends msy be of any shape to suit the grips of the testing mmchine,
The parallel lemgth (L

length (Lo). c) shall always be greater than the or{ginal gauge
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6.2 Types

The main types of test piece are defined 4{n annexes A to D according to the

shape snd type of product, as shown in table 2, Other types of test pi
be specified in product standards or by agreeaent. piece can

Table 2 = Product types

Type of product
Sheets — Fists Wirs = Bors ~ Sectors
Cerresponding
' g annex
with § DuCknEss with § cameier o moe in mithmetes of
n millimeres of
0.1 € thickness < 3 - Iy
- <4 B
>3 > 4 c
Tubes D

6.3 Preparation of test pileces

The test pieces shall be taken snd/ prepared in accordance with the requirements
of the European Standards for the different materials (EU 18, ete).

7. DETERMINATION OF ORIGINAL CROSS-SECTIONAL AREA (So)

The original cross-sectioosl ares shall be calculated from the dessurements of
the appropriate dimensions. The accuracy of this calculation depends on the

pature and type of the test piece. It 1is indicated in annexes A to D for the
different types of test pleces.

8. MARKING THE ORIGINAL GAUGEL LENGTH (L,)

Each end of the original gauge length shall be marked by means of fine marks,
scribed lipes’ but mot by motches which could result io premature fracture
or fine cecllars

For proportiopal test pieces, the calculated value of the origipoal gauge length
pay be rounded off to the nearest pultiple of 5 wm, provided that the difference
between the calculated and sarked gauge length is less tban 10 2 of L,
original gauge length shall be marked to sn accuracy of +1 .
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