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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 1SO 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
organizationr, governmental and non-governmental, in liaison with ISO, also take part in the-wprk. ISO

collaborates|closely with the International Electrotechnical Commission (IEC) on all mattersof
electrotechnjcal standardization.

Draft Interngtional Standards adopted by the technical committees are circulated t@)the member bodies
for voting. Ppblication as an International Standard requires approval by at least. 75 % of the member
bodies casting a vote.

Internationall Standard 1SO 6892 was prepared by Technical Committee ISO/TC 164, Mechanital testing
of metals, Sibcommittee SC 1, Uniaxial testing.

This second|edition cancels and replaces the first edition (ISO 6892:1984), which has been teghnically
revised.

Annexes A tp D form an integral part of this International Standard. Annexes E to L are for information
only.
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Introduction

During the preparation of this International Standard and discussion concerning the speed of testing,
it was decided to recommend for the future to give a preference to the control of strain rate.
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892:1998(E)

Metallic materials — Tensile testing at ambient temperature

1

Scope

This InterrLationaI Standard specifies the method for tensile testing of metallic materials and

mechanic

h| properties which can be determined at ambient temperature.

defines the

2 Norative references

The following standards contain provisions which, through reference inthis text, constitute pfovisions of
this Internptional Standard. At the time of publication, the editions indicated were valid. All standards are
subject to|revision, and parties to agreements based on this Intefnational Standard are encquraged to
investigate the possibility of applying the most recent editions ofithe standards indicated belgw.
Members pf IEC and ISO maintain registers of currently valid‘International Standards.

ISO 286-4:1988, /SO system of limits and fits — Part 2; Tables of standard tolerance gradeg and limit
deviationqd for holes and shatfts.

ISO 377:11997, Steel and steel products — Location and preparation of samples and test pieces for
mechanical testing.

ISO 256641:1984, Steel — Conversion of €longation values — Part 1: Carbon and low alloy |steels.

ISO 256642:1984, Steel — Conversion of elongation values — Part 2: Austenitic steels.

ISO 750041:1986, Metallic materials — Verification of static uniaxial testing machines — Paift 1: Tensile
testing machines.

ISO 951311, Metallic'materials — Verification of extensometers used in uniaxial testing.

3 Pringiple

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 in clause 4.

The test is carried out at ambient temperature between 10 °C and 35 °C, unless otherwise specified.
Tests carried out under controlled conditions shall be made at a temperature of 23 °C + 5 °C.

1) To be published. (Revision of ISO 9513:1989)
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4

Definitions

For the purpose of this International Standard, the following definitions apply.

4.1 gauge

length (L): Length of the cylindrical or prismatic portion of the test piece on which

elongation shall be measured. In particular, a distinction is made between:

4.1.1 original gauge length

(Lo): Gauge length before application of force.

©1SO

4.1.2 final g;Luge length (L,): Gauge length after rupture of the test piece (see 11.1).

4.2 parallg

NOTE — Th
test pieces.

I length (L,): Parallel portion of the reduced section of the test piece.

e concept of parallel length is replaced by the concept of distance between grips for non-m

4.3 elonggtion: Increase in the original gauge length (L) at any njoment during the test.

4.4 percer

4.4.1 percer
removal of g

4.4.2 percer
fracture (L -

In the case ¢
is the origing

tage elongation: Elongation expressed as a percentage of the original gauge len

tage permanent elongation:  Increase inthe original gauge length of a test piecq
specified stress (see 4.9), expressed as a percentage of the original gauge length

tage elongation after fracture
- L), expressed as a percentage of the original gauge length (L,).

f proportional test pieces, only if the original gauge length is other than 5,65 \/_2
| cross-sectional area’ of the parallel length, the symbol A shall be supplemented 4

index indicaiing the coefficiefit of proportionality used, for example:

A1 3 = perce

In the case (
the original ¢

ntage elongation of a gauge length (L,) of 11,3 /S.

f noA>proportional test pieces, the symbol A shall be supplemented by an index in
auge length used, expressed in millimetres, for example:

achined

gth (L)

after

(Ly)-

(A): Permanent elongation of the gauge length after

where §)
y an

dicating

Agy mm = percentage elongation of a gauge length (L,) of 80 mm.

4.4.3 percentage total elongation at fracture

(A): Total elongation (elastic elongation plus pl

astic

elongation) of the gauge length at the moment of fracture expressed as a percentage of the original
gauge length (L,).

2) 565{%

:SB
T


https://standardsiso.com/api/?name=a960673bd6f47cca3da77032610991e4

©1SO

4.4.4 perc

ISO 6

entage elongation at maximum force:

892:1998(E)

Increase in the gauge length of the test piece at

maximum force, expressed as a percentage of the original gauge length (L,). A distinction is made
between the percentage total elongation at maximum force (A,) and the percentage non-proportional
elongation at maximum force (A,) (see figure 1).

45 exte

nsometer gauge length  (L,): Length of the parallel portion of the test piece used

measurement of extension by means of an extensometer.

It is recommended that for measurement of yield and proof strength parameter L, = L /2.

for the

Itis furthe
approxima

4.6 exte

4.6.1 perg
a specifie

(Le).

4.6.2 perg
between t
the extens

4.7 perg
occurred (

4.8 max
yield point
For mater

4.9 stres
test piece

f recommended that Tor measurement of parameters at’ or -aiter” maximum T0[CE
tely equal to L.

nsion: Increase in the extensometer gauge length (L) at a given moment of the t

entage permanent extension:  Increase in the extensometer.gauge length, after
I stress from the test piece, expressed as a percentage of the_ extensometer gaug

entage yield point extension  (A.): In discontinuous yielding materials, the exten
ne start of yielding and the start of uniform work-tyardening. It is expressed as a p€g
ometer gauge length (L,).

entage reduction of area  (Z): Maximum change in cross-sectional area (S, — §)),
juring the test expressed as a pergentage of the orignal cross-sectional area (S,).

mum force (F,): The greatest force which the test piece withstands during the tg
has been passed.

als, without yield point, it is the maximum value during the test.

5s: At anyspioment during the test, force divided by the original cross-sectional arg

, L. be

est.

removal of

b length

5ion
rcentage of

which has

st once the

a (S,) of the

4.9.1 ten

le-strength  (R..): Stress corresponding to the maximum force (E.,)

4.9.2 yield strength: When the metallic material exhibits a yield phenomenon, a point is reached during
the test at which plastic deformation occurs without any increase in the force. A distinction is made

between:

4.9.2.1 upper yield strength (R,,): Value of stress at the moment when the first decrease in force is

observed

(see figure 2).
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4.9.2.2 lower yield strength

98(E)

transient effects (see figure 2).

4.9.3 proof strength, non-proportional extension

): Stress at which a non-proportional e

Ry

©1SO

(ReL): Lowest value of stress during plastic yielding, ignoring any initial

xtension

is equal to a specified percentage of the extensometer gauge length (L) (see figure 3). The symbol
used is followed by a suffix giving the prescribed percentage, for example: Ryq .

4.9.4 proof strength, total extension

(R): Stress at which total extension (elastic extension plus

plastic extension) is equal to a specified percentage of the extensometer gauge length (L) (see figure

4). The sym

4.9.5 perms
elongation o
extensomets

The symbol

or of the ext

5 Symbq

Symbols and corresponding designations are given in table 4.

6 Testp
6.1 Shape
6.1.1 Gener

The shape gnd dimensions of the test-pieces depend on the shape and dimensions of the met

product from

The test piec
casting. How
pieces (i.e. g

The cross-s¢
some other

DOl used IS Tollowed Dy a sutiiX giving the prescribed percentage tor example: RtO,S

nent set strength  (R): Stress at which, after removal of force, a specified perma
I extension expressed respectively as a percentage of the original gaugeength (L
r gauge length (L) has not been exceeded (see figure 5).

used is followed by a suffix giving the specified percentage of the original gauge lg

ensometer gauge length (L), for example: Ry 5.

Is and designations

ece
and dimensions

Al

which the test pieces are taken.

e is usually obtained by machining a sample from the product or a pressed blank
ever products, of constant cross-section (sections, bars, wires, etc.) and also as-c
ast irons and non-ferrous alloys) may be tested without being machined.

pction af-the test pieces may be circular, square, rectangular, annular or, in specia
bhapel

nent

) or

ngth (L,)

hllic

or
Ast test

cases, of

Test pieces, the original gauge length of which is related to the original cross-sectional area by the
equation L, = k\/§ are called proportional test pieces. The internationally adopted value for k is 5,65.
The original gauge length shall be not less than 20 mm. When the cross-sectional area of the test piece

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

In the case of non-proportional test pieces, the original gauge length (L) is taken independently of the
original cross-sectional area (S,).

The dimensional tolerances of the test pieces shall be in accordance with the appropriate annexes

(see 6.2).
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Table 1 — Symbols and designations

Reference
number 1 | Symbol Unit Desi gnation

Test piece

1 a2 mm Thickness of a flat test piece or wall thickness of a tube

2 b mm Width of the parallel length of a flat test piece or
average width of a longitudinal strip from a tube or
width of flat wire

3 d mm Diameter of the parallel length of a cirgular test pigce,
or diameter of round wire or internaldiameter of g tube

4 D mm External diameter of a tube

5 L, mm | Original gauge length

— L', mm Initial gauge length fordetermination of A,

6 L. mm | Parallel length

— Lo mm Extensometergauge length

7 L, mm Total length of test piece

8 L, mm Finalgauge length

— L', mm Final gauge length after fracture for determination
of A, (see annex H)

9 S mm? | Original cross-sectional area of the parallel length

10 S mm?2 | Minimum cross-sectional area after fracture

— k — Coefficient of proportionality

11 4 % Percentage reduction of area:

SbS_J 2 %100
12 — — Gripped ends
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Table 1 (concluded)

Reference
number 1) | Symbol Unit Desi gnation
Elongation
13 — mm Elongation after fracture:
L,— Lo
14 A3) % Percentage elongation after fracture:
Li-L x 100
LO
15 A, % Percentage yield point extension
1 AL, mm | Extension at maximum force
16 Ay % Percentage non-proportional elongation at maximum
force (Fy,)
17 Agt % Percentage total elongation at maximum force (Fm)
18 A % Percentage total elengation at fracture
19 — % Specified percentage non-proportional extension
20 — % Percentage:total extension (see 28)
21 — % Specified percentage permanent set extension or
elongation
Force
22 Fn N Maximum force
Yield strength — Proof strength — Tensile strength
23 Ren N/mm2 | Upper yield strength 4
24 Rl N/mm?2 | Lower yield strength
25 R. N/mm?2 | Tensile strength
26 R, N/mm2 | Proof strength, non-proportional extension
27 R N/mm?2 | Permanent set strength
28 R, N/mm2 | Proof strength, total extension
— E N/mm2 | Modulus of elasticity
1) See figures 1 to 13.
2) The symbol T is also used in steel tube product standards.
3) Seed.4.2.
4) 1N/mm2=1MPa

©1SO
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6.1.2 Machined test pieces

Machined test pieces shall incorporate a transition curve between the gripped ends and the parallel
length if these have different dimensions. The dimensions of this transition radius may be 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).

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 or be parallel to the axis of application of the force.

The parallel length (L) or, in the case where the test piece has no transition curve, the free length

between the OftPS; shait a:vvaya be ulcatC| tharthe U|;y;||a: gauge :cngth (LO)

6.1.3 Nontmachined test pieces

If the test piece consists of an unmachined length of the product or of an unmaghined test bar, the free
length betveen the grips shall be sufficient for gauge marks to be at a reasonable distance from the
grips (see|annexes A and D).

As-cast tefst pieces shall incorporate a transition radius between thegripped ends and the parallel
length. Thie 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. [The parallel length (L;) shall always be greater than.the original gauge length (L,).
6.2 Types
The main ftypes of test piece are defined in anngxes A to D according to the shape and type|of product,

as shownin table 2. Other types of test piece.can be specified in product standards.

Table 2 — Main types of test piece

Type of product
Sheets — Flats Wire — Bars — Sections
@ @ Corres pondin g
annex
with\a thickness with a diameter or side in millimetres of
N iullimaotrac Af
0,1 < thickness < 3 A
_ <4 B
=3 =4 C
Tubes D

6.3 Preparation of test pieces

The test pieces shall be taken and prepared in accordance with the requirements of the International
Standards for the different materials (eg. ISO 377).
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7

Determination of original cross-sectional area

(S)

©1SO

The original cross-sectional area shall be calculated from the measurements of the appropriate
dimensions. The accuracy of this calculation depends on the nature and type of the test piece. It is
indicated in annexes A to D for the different types of test piece.

8

Marking the original gauge length

(Lo)

Each end of the original gauge length shall be marked by means of fine marks or scribed lines, but not

by notches which—coularesttnpremattre fractte————————————————————————————————————

For proportig
the nearest
length is les

nal test pieces, the calculated value of the original gauge length may be rounded
multiple of 5 mm, provided that the difference between the calculated and-marked
5 than 10 % of L,. Annex F gives a nomogram for determining the origigal gauge I

correspondimg to the dimensions of test pieces of rectangular cross-section. The @figinal gaug

shall be mar

If the paralle
unmachined

In some cas
longitudinal

ked to an accuracy of + 1 %.

| length (L.) is much greater than the original gauge length, as,-for instance, with
test pieces, a series of overlapping gauge lengths may beldrawn.

bs, it may be helpful to draw, on the surface of the test piece, a line parallel to the
hxis, along which the gauge lengths are drawn.

off to
gauge
bngth

e length

9 Accurgcy of testing apparatus

The testing machine shall be verified in accordance-with ISO 7500-1 and shall be of class 1 or |better.
When an exjensometer is used it shall be of class 1 (see ISO 9513) for the determination of ugper and
lower yield strengths and for proof strength'(non-proportional extension); for other properties (With
higher extension) a class 2 extensometer. (see 1SO 9513) can be used.

10 Condijons of testing

10.1 Speed|of testing

Unless othefwise specified in the product standard, the speed of testing shall conform to the fqllowing

requirement

5 depending on the nature of the material.

10.1.1 Yiel

d and proof strengths

10.1.1.1 Upper yield strength  (R.y)

Within the elastic range and up to the upper yield strength, the rate of separation of the crossheads of
the machine shall be kept as constant as possible and within the limits corresponding to the stressing
rates in table 3.
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Table 3 — Rate of stressing
Modulus of elasticit y Rate of stressin ¢
of the material (E)
N/mm?2 N/mm?2.s-1
min. max.
< 150 000 2 20
= 150 000 6 60
10.1.1.2 llower yield strength (R;)
If only the[lower yield strength is being determined, the rate of straining during yield-of the parallel length
of the test|piece shall be between 0,000 25/s and 0,002 5/s. The straining rate within'the parallel length
shall be kept as constant as possible. If this rate cannot be regulated directly, itishall be fixed by
regulating|the rate of stressing just before yield begins, the controls of the machine not being further
adjusted yntil completion of yield.
In no case shall the rate of stressing in the elastic range exceed theqnaximum rates given ir| table 3.
10.1.1.3 Upper and lower yield strengths  (R,y and R;))
If the two yield strengths are determined during the same test, the conditions for determining the lower
yield strerlgth shall be complied with (see 10.1.1.2).
10.1.1.4 Proof strength (non-proportional extension) and proof strength (total extension)
(R,and R
The rate df stressing shall be within the limits given in table 3.
Within the| plastic range and up t6 the proof strength (non-proportional extension or total ext¢nsion) the
straining rpte shall not exceed(0;002 5/s.
10.1.1.5 Rate of separation
If the testing machine is not capable of measuring or controlling the strain rate, a cross head separation
speed equivalentto the rate of stressing given in table 3 shall be used until completion of yigld.
10.1.2 Tensile strength (R,)
10.1.2.1 In the plastic range
The straining rate of the parallel length shall not exceed 0,008/s.
10.1.2.2 In the elastic range

If the test does not include the determination of a yield stress (or proof stress), the rate of the machine
may reach the maximum permitted in the plastic range.
10.2 Method of gripping
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The test pieces shall be held by suitable means such as wedges, screwed grips, shouldered holders,

etc.

Every endeavour shall be made to ensure that test pieces are held in such a way that the force is
applied as axially as possible. This is of particular importance when testing brittle materials or when
determining proof stress (non-proportional elongation) or proof stress (total elongation) or yield stress.

Determination of percentage elongation after fracture

Q)

11
11.1 Percer
in4.4.2.

For this purg
axesliein a

Special preg
when meast
cross-sectio

Elongation g
with 0,1 mm
nearest 0,5

special prec

This measur
mark is no lg
irrespective
greater than

11.2 For m4
necessary tqg
it is thereforg
fracture.

In principle,
The measur

elongation after fracture is equal to or greater than the specified value.

NOTE — Ift

ose, the two broken pieces of the test piece are carefully fitted back together so th
straight line.

autions shall be taken to ensure proper contact between the broken parts of the tq
ring the final gauge length. This is particularly important in the‘case of test pieces
N and test pieces having low elongation values.

fter fracture (L, — L,) shall be determined to the nearest 0,25 mm with a measurin
resolution and the value of percentage elongationafter fracture shall be rounded
0. If the specified minimum percentage elongation is less than 5 %, it is recomme
hutions be taken when determining elongations(see annex E).

ement is, in principle, valid only if the distance between the fracture and the neare
ss than one third of the original gaugedength (L,). However, the measurement is
pf the position of the fracture, if the.percentage elongation after fracture is equal tq
the specified value.

Ichines capable of measuring extension at fracture using an extensometer, it is no
b necessary to deductithe elastic extension in order to obtain percentage elongatid

his measurement is only valid if fracture occurs within the extensometer gauge ler
bment is valid regardless of the position of the fracture cross-section if the percent

he-product standard specifies the determination of percentage elongation after rupture for g

gauge length,

tage elongation after fracture shall be determined in accordance with the definitiorll given

at their

st piece
of small

) device
o the
hded that

5t gauge
alid,
or

!

mark the gauge lengths; The elongation is measured as the total extension at fragture, and

n after

gth (Lo).
age

given

the’extensometer gauge length shall be equal to this length.

11.3 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 (for example
as in 1ISO 2566-1 and ISO 2566-2).

NOTE — Comparisons of percentage elongation are possible only when the gauge length or extensometer gauge
length, the shape and area of the cross-section are the same or when the coefficient of proportionality (K) is the

same.

10
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11.4 In order to avoid having to reject test pieces in which fracture may occur outside the limits
specified in 11.1, the method based on the subdivision of L, into N equal parts may be used, as

described

12

Determination of percentage total elongation at maximum force

in annex G.

(Ago)

The method consists of determining on the force-extension diagram obtained with an extensometer, the

extension

Some ma
elongation

The exten

The perce

Agt

If the tens
system, th

For inform

13 Detg
13.1 The
drawing a
prescribed
curve give
latter is ol
figure 6).

Accuracy

If the strai
the parallg

at maximum force (AL,,).
at maximum force is taken at the mid-point of the flat plateau (see figure 1).
someter gauge length shall be recorded in the test report.
ntage total elongation at maximum force is calculated by the following formula:
Le
le test is carried out on a computer controlled testing machine having a data acqu

e elongation is directly determined at the maximum ferce.

ation, a manual method is described in annex

rmination of proof strength, non propertional extension (R)

proof strength (non-proportional extension) is determined from the force-extensior
line parallel to the straight portion of the curve and at a distance from this equivalé
non-proportional percentage, for example 0,2 %. The point at which this line inter

s the force corresponding-to the desired proof strength (non-proportional extensio

tained by dividing this force by the original cross-sectional area of the test piece (9

n drawing the\force-extension diagram is essential.

ght portion of the force-extension diagram is not clearly defined, thereby preventin
| line_with sufficient precision, the following procedure is recommended (see figure

When the

ptal

sition

diagram by

ent to the
sects the
n). The

) (see

g drawing

6).

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 non-proportional percentage. The intersection of this parallel line and
the force-extension curve gives the force corresponding to the proof strength. The latter is obtained by

dividing th

is force by the original cross-sectional area of the test piece (S,) (see figure 6).

NOTE — The correction of the origin of the curve can be done by various methods. The following method is
generally used: draw a line parallel to the line defined by the hysteresis loop which crosses the rising elastic part of
the diagram, the slope of which is nearest to that of the loop. The point at which this line intersects the abscissa
gives the corrected origin of the curve.

11
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13.2 The property may be obtained without plotting the force-extension curve by using automatic

devices (eg.

14

Determination of proof strength, total extension

microprocessor).

(R)

14.1 The proof strength (total extension) is determined on the force-extension diagram 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 latter is obtained by dividing this force by the original cross-sectional

area of the t

14.2 The pr
devices.

15 Metho

The test pie

confirmed, after removing the force, that the permanent set extension or elongation is not more

percentage

16 Detern

Percentage

The two bro
straight line.
+2 % (see 8
(S,) express

17  Accurs

The accurag
categories:

estprece(S;) (seefigure2):

Dperty may be obtained without plotting the force-extension diagram by using auto

 of verification of permanent set strength (R)

be is subjected to a force for 10 s to 12 s corresponding-{e.the specified stress and

Epecified for the original gauge length.

hination of percentage reduction of area

(4

reduction of area shall be determined.in accordance with the definition given in 4.7.

en pieces of the test piece are‘earefully fitted back together so that their axes lie i
The minimum cross-sectonial area after fracture (§,) shall be measured to an acc
nnexes A to D). The difference between the area (S,) and the original cross-sectig
bd as a percentage of the original area gives the percentage reduction of area.

cy of the results

y of results is dependent on various parameters which may be separated into two

matic

it is then
e than the

na
uracy of
nal area

metrolog

dimensional measurements;

testing rate, temperature, data acquisition and analysis technique.

ICal parameters such as class or machine and extensometer and the accuracy of specimen

material and testing parameters such as nature of material, test piece geometry and preparation,

In the absence of sufficient data on all types of materials it is not possible, at present, to fix values of

accuracy for

the different properties measured by the tensile test.

Annex J provides a guideline for the determination of uncertainty related to metrological parameters.

Annex K provides values obtained from interlaboratory tests on a group of steels and aluminium alloys.

12
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18 Testreport
The test report shall contain at least the following information:

a) reference to this International Standard, i.e. ISO 6892;

b)

identification of the test piece;
c) specified material, if known;

d) type of test piece;
e) locatigon and direction of sampling of test pieces;
ired properties and results.

f) meas

Stress
1]
1]

[Wg]
N
II /
/, /
1/ /,
16 Percentage elongation
17
14
18
NOTE — [eetable 1 for explanation of reference numbers.
Figure 1 — Definitions of elongation

13
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@
o] %]
[ %]
2 ¢
/\M/ :
N\
\—m'f'at transient effect \—H'T'at transient effect
mMm
|+ r~
~N N
0 Percentage exftension 0 Percentage exfension
a) b)
[}
d p
5
&
m
N <
<
& N
0 Percenfage extension 0 Percentage exfension
c) d)
NOTE — Seje table 1 for explanhation of reference numbers.
Figurgd 2 — Definitions of upper and lower yield strengths for different types of curves

14
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%]
»
0
N
1
1
’!
0 19 Percentage elongation
or percentage exfension
NOTE — [See table 1 for explanation of reference numbers.
Figure 3 — Proof strength, non-proportional extension (R)
&
f &
g / %
|
|
|
|
|
|
|
l
| M~
w |
~N 1 N
|
|
|
|
|
|
¥
!
|
0 _
0 20 Percentage exftension 21 Percenfage elqngation
or percenfage pxftension
NOTE—See tabte T forexptamatiomof Teferenceumbers:
Figure 4 — Proof strength, total extension  (R)) Figure 5 — Permanent set strength  (R))

15
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Force

Stress

Force corresponding to R,

Extension

Specified non-proportional extension

24

©1SO

° 15

Percentage extens

Figure 6

extension (R)) (see 13.1)

Force

— Proof stren gth, non- proportional Figure 7 — Percenta ge yield poi

22

NOTE — See table-1 for explanation of re

numbers.

extension (Ap)

ference

nt

13

Ftomgation

NOTE — See table 1 for explanation of reference numbers.

16

Figure 8 — Maximum force
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b Yile IV

NOTES
1 The shape of the test piece heads is given only as a guide.
2 See table 1 for explanation of reference numbers.

Figure 9 — Machined test pieces of rectangular cross section
(see annex:A)

0

2

5

NOTES
1 The shape of the test piece heads is given only as a guide.
2 See table 1 for explanation of reference numbers.

Figure 10 — Test pieces comprising a non-machined portion of the product
(see annex B)

17
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NOTES
1 The shape
2 Seetable

9
e
,,,,, - ‘ ~ .
1 59 12

T . I
o ~—
| ;

N b T
=i

8

of the test piece heads is given only as aguide.
| for explanation of reference numbers:

Figure 11, —/Proportional test pieces

(see annex C)

L.
AR 1L )

NOTE — See table 1 for explanation of reference numbers.

18

Figure 12 — Test pieces comprising a length of tube

(see annex D)

©1SO
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12
9 /
—
; ~
5
6
7
10
| = ®
8
NOTES
1 The shape of the test piece heads is given only as a guide.
2 See table 1 for explanation of reference numbers.

Figure 13 — Test piece cut from.a'tube
(see annex D)

19
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Typ

For products

Annex A
(normative)

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

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

A.1 Shape
Generally, th
(L) shall be
width of thes
By agreeme
to or less tha

A.2 Dimen

The parallel

In case of di

In the case ¢
product stan
free length b

There are tw

When meas
apply.

In the case (
area (S,) shg

The nomina
on shape gi
the time of tk

sions of the test piece

length shall not be less than L, + g

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

dard, the original gauge length (L,) shall be equal to 50 mm. For this type of test g

iring the dimensions of gach test piece, the tolerances on shape given in table A.2

Uf t: 1T tCDt p;C\.,c
e test piece has gripped ends which are wider than the parallel length. The parallg

connected to the ends by means of transition curves with a radius of at least'20 m
e ends shall be at least 20 mm and not more than 40 mm.

f parallel side test pieces less than 20 mmrwide, and unless otherwise specified in

etween the grips shall be equal to L+ 3b.

o0 types of non-proportional test-pieces, with dimensions as given in table A.1.

f test pieces where-the width is the same as that of the product, the original cross
Il be calculatethon the basis of the measured dimensions of the test piece.

width of-theé test piece may be used, provided that the machining tolerances and t
en in table A.2 have been complied with, to avoid measuring the width of the test
ne test.

©1SO

I length
m. The

Nt, the test piece may also consist of a strip with parallel sides. For products of width equal
in 20 mm), the width of the test piece may be the same as that of the product.

the

iece, the

 shall

Lsectional

plerances
hbiece at

Tabte A.IT — Dimensions of test pieces

Dimensions in millimetres

Test

type

Parallel
length

L

C

Ori ginal
gauge length

L

piece
for parallel sided test piece

0

Free len gth between the grips

50 75 87,5

80 120 140

20
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Table A.2 — Tolerances on the width of the test piece

Dimensions and tolerances in millimetres

Nominal Machinin g Tolerance
width of the tolerance 1 on shape?
test piece
12,5 + 0,09 0,043
20 +0,105 0,052

A.3 Preg

The test p
hardened

For very tl

bundle with intermediate layers of a paper which is resistant to the cutting oil. It is recommer

each sma
dimension

The value
shall have

area () i
12,54

12,5
A.4 Detg

The origin
piece.

The error

1) Tolerances js 12 in accordance with ISO 286-2. These tolerances are
applicable if the nominal value of the original cross-sectional area (S,) is to be
included in the calculation without having to measure it.

2) Tolerances IT 9 (see ISO 286-2). Maximum deviation between the
measurements of the width along the entire palallel length (L) of the test-pjece.

aration of test pieces

eces are prepared so as not to affect the properties of the)metal. Any areas which
by shearing or pressing shall be removed by machiningt

pin materials, it is recommended that strips of identical widths be cut and assemblg

I bundle of strips be assembled with a thickerstrip on each side, before machining
s of test piece.

given in A.2, for example = 0,09 mm for a nominal width of 12,5 mm, means that 1
a width outside the two values given below, if the nominal value of the original cro
5 to be included without having'to' measure it:

0,09 = 12,59 mm
0,09 =12,41 mm.

rmination of the original cross-sectional area

(&)

Al cross-sectional area shall be calculated from measurements of the dimensions

n-determining the original cross-sectional area shall not exceed + 2 %. As the gre

892:1998(E)

have been

d into a
ded that
to the final

N0 test piece
ss-sectional

pbf the test

htest part

orin

Of thls error normalbhvrracidte fram thao maaciiramant af tha thicknace af tha tact niaca tha ard
Ooany T otto T ot thc e oot et Ot et ek oo o A2 p)

TCTCoT PTC Tt

measurement of the width shall not exceed + 0,2 %.

21
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Types

B.1 Shape

98(E)
Annex B
(normative)
of test piece to be used for wire, bars and sections with a diameter or thickness

of less than 4 mm

of the test piece

The test piece generally consists of an unmachined portion of the product (see figure 10).

B.2 Dimen

The original
between the)
respectively

NOTE — In
grips of at lea

B.3 Prepar

If the produg

B.4 Deternpination of the original cross-sectional asea

The original

For productg
arithmetic m

The original

sions of the test piece

gauge length (L) shall be taken as 200 mm = 2 mm or 100 mm + 1 mai-The distg
grips of the machine shall be equal to at least L, + 50 mm, i.e. 250 mnrand 150 n
except in the case of small diameter wires where this distance can be taken as eq

cases where the percentage elongation after fracture is not to be determined, a distance be
5t 50 mm may be used.
ation of test pieces

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

(&)
cross-sectional area (S,) shall be.determined to an accuracy of + 1 %.

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

cross-sectional ared may be determined from the mass of a known length and its

22
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m
jual to L.

tween the

the
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Annex C
(normative)

Types of test piece 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

C.1 Sha

pe of the test piece

In general, the test piece is machined and the parallel length shall be connected by means of transition

curves to
figure 11)

— 0,75
— 12 mn

Sections,

The cross|
shape.

For test pi
should no

In general
4 mm.

C.2 Dim
C.2.1 Para

The parall
a) Lo+
b) L,+1

Dependin

unless thes

N[O

1 H <l <l loiala o £ halal L £ ) H £ 4l + % L
T yrippgcu Tlhius WITICTT TTIay DT Ul dlly SUItalitT STiapyT TUT T ylTipo Ul Uic 1iTot TTiall

The minimum transition radius between the gripped ends and the parallel lengths
(d being the diameter of the gauge length) for the cylindrical test pieces;
n for the prismatic test pieces.

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

Lsection of the test piece may be circular, square, rectangular or, in special cases,

feces with a rectangular cross-section it is recommended that the width to thicknes
exceed 8:1.

, the diameter of the parallel length of machified cylindrical test pieces shall be not

bnsions of the test piece
lllel length of machined test'piece

el length (L) shall be at least equal to:

in the case of test'pieces with circular cross-section;

5./S inthé case of prismatic test pieces.

) ofvthe type of test piece, the length L, + 2d or L, + 2\/§ shall be used in cases

ine (see
shall be:

of another

S ratio

less than

of dispute,

ra-ic incufficiant matarial
1S HStHHe et HateHes

C.2.2 Length of unmachined test piece

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

reasonabl

e distance from these grips.

23
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C.2.3 Original gauge length  (L,)
C.2.3.1 Proportional test pieces

As a general rule, proportional test pieces are used where the original gauge length (L,) is related to the
original cross-sectional area (S,) by the equation

where K is equal to 5,65.

Test pieces pf circular cross-section preferably have the dimensions given in table C.1.

The scale given in annex F makes it easier to determine the original gauge length (L) cotresppnding to
the dimensigns of test pieces of rectangular cross-section.

C.2.3.2 Norl-proportional test pieces

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

Table C.1 — Circular cross-section test pieces

Diameter |Ori ginal cross- Ori ginal Minimum Total len gth
sectional gauge parallel
area length length
k d $ Lo = k(S Le Lt
mm mm?2 mm mm
20+£0,15 314 100+1 110 Depends on the method of fixing
5,65 10 £ 0,075 78,5 50%+0,5 55 the test piece in the machine gfips
5+ 0,040 19,6 25+0,25 28
In principle:
Li>L.+2dor4d

C.3 Prepaiation oflest pieces

The tolerandes’on'the transverse dimensions of machined test pieces are given in table C.2.

An example of the application of these tolerances is given below:

a) Machining tolerances

The value given in table C.2, for example + 0,075 mm for a nominal diameter of 10 mm, means that no
test piece shall have a diameter outside the two values given below, if the nominal value of the original

cross-sectional area (S,) is to be included in the calculation without having to measure it:

10 + 0,075 = 10,075 mm
10 -0,075 = 9,925 mm

24
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b) Tolerances on shape

ISO 6892:1998(E)

The value given in table C.2 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.

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

C.4 Determination of the cross-sectional area

(S)

The nominal diameter can be used to calculate the original cross-sectional area of test piece
ion which satisfy the tolerances given in table C 2. For all other shapes of test pieq
original crpss-sectional area shall be calculated from measurements of the appropriate.dime|

Cross-sect

an error npt exceeding + 0,5 % on each dimension.

Table C.2 — Tolerances relating to the transverse dimensions ef\test pieces

Dimensions and tolerances in millimetres

s of circular
es, the
nsions, with

Designation Nominal Machinin <Q\tolerance Tolerance
transverse on the/nominal bn shape
dimension dimension 1
3 + 0,05 0,025 2)
> 3 + 0,06 0,032
< 6
Diameter of machined test > 6 +0,075 0,036 2)
pieces of circular cross-section <10
> 10 +0,09 0,0432)
= 18
> 18 + 0,105 0,0522)
=< 30
Transverse dimensions of .
test pieces of rectanguiar Same tolerange as on the diameter
cross-section maehined on of test pieces Of. circular
all four sides cross-section
3 0,143
> 3 0,183
< 6
Transverse dimensions of test > 6 0,223
pieces of rectangular =10
cross-section machined on only > 10 0,273
two opposite sides < 18
> 18 0,333
= 30
> 30 0,393
=< 50

1) Tolerances js 12 in accordance with ISO 286-2. These tolerances are applicable if the

nominal value of the original cross-sectional area (S;) is to be included in the calculation without

having to measure it.

transverse dimension along the entire parallel

2) Tolerances IT9 ﬁMaximum deviation between the measurements of a specified

3) Tolerances IT13

length (L.) of the test piece.
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D.1 Shape

Annex D
(normative)

Types of test piece to be used for tubes

of the test piece

©1SO

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 12 and 13), or of a test piece of circular cross-

section mac

Machined trgansverse, longitudinal and circular cross-section test pieces are described in @anne

tube of wall

The longitud
D.2 Dimen
D.2.1Length
The length o
gauge mark
sufficient m3
The length @
shall not exg
deformation

D.2.2 Longit

The parallel
flattened for

Transverse

specified in the product standard.

Special prec

D.2.3 Circuld

H o £ +la 1l £ 41 o
MmMTCU TTUTIT T vwall UT Ui tuiutT.,

hickness less than 3 mm and in annex C for thicknesses equal to or greater. than
inal strip is generally used for tubes with a wall thickness of more than.0,5"mm.
sions of the test piece

of tube

f tube may be plugged at both ends. The free length.between each plug and the n

5 shall exceed D/4. In cases of dispute, the value D-shall be used, as long as therg
terial.

eed D, and its shape shall be such that it\does not interfere with the gauge length

Ldinal or transverse strip

length (L) of the longitudinal strips shall not be flattened but the gripped ends ma
gripping in the testing machine.

br longitudinal test piece dimensions other than those given in annexes A and C c3

autions shallbe taken when straightening the transverse test pieces.

Ir.cross-section test piece machined in tube wall

A for
B mm.

earest
is

f the plug projecting relative to the grips of the machine in the direction of the gauge marks

be

N be

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

D.3 Determination of the original cross-sectional area

The original

(S)

cross-sectional area of the test piece shall be determined to the nearest £ 1 %.

The original cross-sectional area 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.
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The original cross-sectional area (S,) of a test piece consisting of a longitudinal or transverse strip shall
be calculated according to the following equation

S = %(D2 - b2)V2 + DTZ arcsin% - % [(D-2a)? - b?]Y2 - @%g arcsin———
where
a is the thickness of the tube wall;
b isthe average width of the strips;
D is|the external diameter.
The following simplified equations can be used for longitudinal or transverse test pieces:
S = abEH b—Zgwhen b 0,25;
§ 6D(D-2a)g D
S = @abwhen % <0,17.
In the casg of a length of tube, the original cross-sectional area (S,) shall be calculated as fo
S =rna(D —a).

llows:

27
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Annex E
(informative)

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

One of the recommended methods is as follows:

Prior to the test a very small mark should be made near one of the ends of the parallel length. Using a

pair of need
After fracture, the broken test piece should be place mpressive
applied, preferably by means of a screw, sufficient to hold the pieces firmly together during
measurement. A second arc of the same radius should then be scribed from the original centre, and the
distance between the two scratches measured by means of a measuring microscopé’or other s$uitable

instrument. In order to render the fine scratches more easily visible, a suitable dye-film may be|applied

to the test piece before testing.

28
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Annex F
(informative)

Nomogram for calculating the gauge lengths of test pieces of rectangular cross-section

This nomogram has been constructed by using the alignment method.

F.1 Method of use

Carry out

on theg
rectarn

a)

the following steps:

outside scales, select points a and b representing the thickness and the width of the

gular test piece;

b) join thiese two points with a line (length of thread or edge of a ruler);

c) read gff the corresponding gauge length from the left hand graduation, at the intersectio
with the central scale.

Example ¢f use

b=21mn a=155mm L, =102 mm

NOTES

1 An errofin reading L, is less than + 1 % means that this nomogram can be used in all cases withoy

calculation

2 An erroyin reading L, greater than 1 %, means that in some cases the desired accuracy is not obtg

then prefer

F.2 Con

Draw thre
shall be g
towards th

hble to calculate the product of a and,b directly.

struction of the nomogram

e parallel equidistant fines which will be the ordinates for the logarithmic graduatio
aduated logarithnjically such that Ig 10 is represented by 250 mm; the three scale
e top of the page. The points (20) and (10) should be placed approximately in the

the page

The inter

n the lateral‘scales. Join the two points (10) of the lateral scales.

ction“of'this line and the central scale gives the point 56,5 of the left hand centre

graduation Lg:

n of this line

t further

ined; it is

s. These
5 increase
centre of

The area scale S, is on the right hand side of the central line. This same point 56,5 is the point 100 on
the scale of areas; the graduation should be drawn to a scale which is half the preceding one, namely:

lg 10 =

125 mm.
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30

Wwidth

b mm

60

50

Original gauge length

Ly =565VS, mm
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S, = ab mm?

—— 2000
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w
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Annex G
(informative)

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

To avoid having to reject test pieces where the position of the fracture does not comply with the
conditions of 11.1, the following method may be used, by agreement:

a) befor

b) aftert
denot
mark

If nis the

1) ifN-
distance f

N —-n

2

the-testsub-divide-theoriginatgatge tength{t; ) into Nequatparts;

he test, use the symbol X to denote the gauge mark on the shorter piece and-the
b it on the longer piece, the subdivision of which is at the same distance fromthe f
X.

number of intervals between X and Y, the elongation after fracture(is determined a|

N is an even number [see figure G.1 a)], measure the distance between X and Y a
om Y to the graduation mark Z located at

intervals beyond Y;

calculate the percentage elongation after fracture using,the equation

A:5Y+2YZ— Lo % 100
I‘O
2) if N—nhis an odd number [figure G.1 k)], measure the distance between X and Y and thg
from Y to the graduation marks Z' and\Z™located respectively at
N=NF1 ond N2 ecdels beyond Y;

2

calculate fhe percentage-€longation after fracture using the equation

X

A

Y+YZ +YZ"-L, % 100

s

ymbol Y to
racture as

s follows:

hd the

distance
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E shape of the test piece heads is given only as a guide.

Figure G.1
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Annex H
(informative)

anual method of determination of percentage total elongation at maximum force
for long products such as bars, wire, rods

The extensometer method defined in clause 12 may be replaced by the following manual method. In
case of dispute, the extensometer method shall be used.

The methed—€

tensile tes
elongatior

Before the
2 success
initial gau
value of th

The meas
test piece

In order th

— theli
25d

— them

The perce

Ag:.

The perce

Agt

t, the non-proportion from which the percentagect

is calculated.

ep

ve marks being equal to a submultiple of the initial gauge length (L' )-5Fhe markin

e percentage total elongation should be defined in the product standard.

and should be accurate to within 0,5 mm.
at the measurement is valid, the two following conditions should be respected:

its of the measuring zone should be located atleast 5 d from the fracture section
rom the grip;

basuring gauge length should be at ledst equal to the value specified in the produg

ntage non-proportional elongatien at maximum force is calculated by the following

', — Lo
——— x100
LI

[o]

ntage total elongation’at maximum force is calculated by the following formula:

Ag+%x100

test, equidistant marks are made on the measuring gauge length, the.distance be

je length (L',) should be accurate to within + 0,5 mm. This length which is a functig

Attted to a
(

tal

tween
g of the
n of the

urement of the final gauge length after fracture (L',) is made on the longest broken part of the

and at least

t standard.

formula:
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Annex J
(informative)

An "Error Budget" approach to the estimation of the uncertainty of measurement

J.1

in tensile testing

Introduction

©1SO

An approach for estlmatlng the uncertalnty of measurements is outllned based upon the ‘error budget”

concept usi
be noted tha
materials sin
control para
regarded as
compliance

It should be
measureme
The statistic
in appendix
for estimatin
certified mat
CRM has be
14 mm diam
Community

J.2 Estimdtion of uncertainty

J.2.1 Materi

The manner
considerablg
uncertainty i
measureme

In the follow
The tolerang

with expecte
properties in

t it is not possible to calculate a single value for the measurement uncertalnty for g
ce different materials exhibit different response characteristics to some of the’spe
meters, e.g. straining rate or stressing rate [3l. The error budget presented-here co
an upper limit to the measurement uncertainty for a laboratory undertaking testing
ith this International Standard (class 1 machine and extensometer).

hoted that when evaluating the total scatter in experimental resultS the uncertainty
nt should be considered in addition to the inherent scatter due-to material inhomog
bl approach to the analysis of intercomparison exercises (Round Robin experimen
K does not separate out the two contributing causes of the)scatter. Another useful

erial properties. The selection of candidate materialsifor use as a room temperatu
en discussed elsewhere 31 and a 1 tonne batch of a ' material (Nimonic 75) in the fa
eter bar is in the process of being certified in a<project under the supervision of thg
Bureau of Reference (BCR).

hl independent parameters

detail 4l and more recéntly guidance has been given on assessing precision and
h two ISO documents)ISO 5725-2 and the Guide to the expression of uncertainty
Nt.

ng analysisthe/conventional least mean squares approach has been used.
es for the various testing parameters for tensile properties are given in table J.1 tg

d uncertainty. Because of the shape of the stress-strain curve, some of the tensile
principle can be determined with a higher degree of precision than others, e.g., th

should
all
cified
ild be
n

n
eneity.

IS) given
approach

p interlaboratory scatter is to employ a Certified Reference Material (CRM) which has

e tensile
rm of

in which errors from a variety of sources should be added together has been treafed in

n

gether

e upper

ctional

yield strengt

h D‘et—t is nnI\J/ dnpnnr{nnf aon the tolerances for measurement of force and cross se

area, whilst proof strength, R, is dependent on force, strain (displacement), gauge length and
cross-sectional area. In the case of reduction in area, Z, the measurement tolerance for cross-sectional
area both before and after fracture needs to be considered.
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